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ABSTRACT 

Idiopathic pulmonary fibrosis (IPF) is a chronic and progressive lung 

disease, with an unknown leading cause. The prognosis of IPF is poor and the 

clinical course of IPF is highly heterogeneous and unpredictable, alternating 

periods of stability to periods of rapid deterioration. 

Staging systems are increasingly considered to estimate prognosis and to 

guide management decisions in IPF. Nonethelss, to date the mortality rate for IPF 

is not significantly changed after the recent worldwide diffusion of the two new 

antifibrotic drugs nintedanib and pirfenidone, emphasizing the need for a more 

complete understanding in the mechanisms of disease pathogenesis and in 

predicting IPF clinical behavior.  

In this thesis potential clinical, radiological and biological predictors of disease 

course in IPF were investigated. Specifically, I demonstrated that ground glass 

opacities at CT scan performed at diagnosis are associated with worse functional 

decline in IPF patients, and increase over time among progressors. MUC5B 

polymorphism affects prognosis of the IPF patients on antifibrotic treatment and 

carrying the mutant T allele is associated to increased ground glass opacities and 

worst survival. Lymphoid follicles are fundamental structures in IPF natural history 

and progression of patients with IPF. 

In the last three or four years some evidence suggested that almost the forty 

per cent of non-IPF interstitial lung disease patients, currently treated with specific 

treatment, may present a clinical course similar to IPF and were named progressive 

pulmonary fibrosis (PPF). In my research project, I identified the progressive 

phenotype among the idiopathic inflammatory myopathies (IIMs) of patients 

followed in our center, and I described patients presenting a progressive phenotype.  

Finally, my Coronavirus Disease 19 (COVID-19) research assessed that 

ultrasound is a useful tool in clinical practice because it correlates with clinical and 

radiographic parameters. Viral load on nasopharyngeal swab at diagnosis of 

COVID-19 is similar in asymptomatic and hospitalized patients and is not 

associated with either worse outcome during hospitalization. A minority of patients 

with COVID-19 pneumonia showed persisting lung abnormalities at the 6-month 

follow-up. These patients are predominantly older males with longer hospital stay. 

The presence of reticulations and consolidation at hospital admission may predict 

the persistence of radiological abnormalities. 
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RIASSUNTO 

La fibrosi polmonare idiopatica (IPF) è una malattia polmonare cronica e 

progressiva ad eziologia non nota. La prognosi dei pazienti affetti da IPF è scarsa e 

il decorso clinico dell'IPF è altamente variabile da paziente a paziente ed 

imprevedibile nel tempo, alternando periodi di stabilità a periodi di rapido declinico 

clinico e funzionale. 

Alcuni criteri di stadiazione sono stati presi in considerazione per stimare la 

prognosi e per guidare le decisioni terapeutiche nei pazienti affetti da IPF. Tuttavia, 

ad oggi il tasso di mortalità per IPF non è cambiato in modo significativo dopo la 

recente diffusione dei due nuovi farmaci antifibrosanti nintedanib e pirfenidone, 

sottolineando la necessità di una comprensione più completa dei meccanismi di 

patogenesi della malattia e nel predire il comportamento clinico della IPF. 

In questa tesi sono stati studiati i potenziali indicati clinici, radiologici e 

biologici di andamento clinico nei pazienti affetti da IPF. In particolare, ho 

dimostrato che le opacità a vetro smerigliato visibili alla TC eseguita al momento 

della diagnosi sono associate ad un peggiore declino funzionale e aumentano nel 

tempo in quei pazienti che progrediscono nonostante la terapia. Il polimorfismo di 

MUC5B influisce sulla prognosi dei pazienti con IPF in trattamento antifibrosante 

e, in particolare, il portatore dell'allele T mutante è associato ad un aumento delle 

opacità del vetro smerigliato e ad una peggiore sopravvivenza. I follicoli linfoidi 

sono strutture fondamentali nella storia naturale dell'IPF e nella progressione di 

malattia. 

Negli ultimi tre o quattro anni alcuni dati hanno sottolineato che quasi il 

quaranta per cento dei pazienti con malattia polmonare interstiziale non-IPF, può 

presentare un decorso clinico simile all'IPF nonostante siano trattati con farmaci 

specifici per la malattia di base; queste entità cliniche vengono deifinite fibrosi 

polmonari progressive (PPF). Nel mio progetto di ricerca ho identificato dunque il 

fenotipo progressivo tra i pazienti affetti da miopatie infiammatorie idiopatiche 

(IIM) seguiti nel nostro centro, e ho descritto i pazienti che presentavano un 

fenotipo progressivo. 

Infine, la mia ricerca sulla malattia da Coronavirus 19 (COVID-19) ha 

valutato che l'ecografia toracica è uno strumento utile nella pratica clinica perché 

correla con i parametri clinici e radiografici. La carica virale sul tampone 

nasofaringeo alla diagnosi di COVID-19 è simile nei pazienti asintomatici e 
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ricoverati in ospedale e non è associata a nessun esito peggiore durante il ricovero. 

Una minoranza di pazienti con polmonite COVID-19 presenta anomalie polmonari 

al follow-up radiologico di 6 mesi. Questi pazienti sono prevalentemente maschi, 

più anziani e con una degenza ospedaliera più lunga. La presenza di reticolazioni e 

consolidamenti al ricovero in ospedale può predire la persistenza di anomalie 

radiologiche. 
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INTRODUCTION 

Idiopathic pulmonary fibrosis (IPF), the most severe among the interstitial 

lung diseases (ILDs), with a median survival of three to five years from the time of 

the diagnosis, comparable to that of several malignancies, and with a five-year 

survival of approximately twenty per cent1,2. To date, lung transplant represents the 

only cure for IPF, although this is a realistic option for only a minority of highly 

selected patients.  

IPF is believed to occur in genetically susceptible individuals as a 

consequence of an aberrant wound-healing response following repetitive alveolar 

microinjury, leading to scarring of the lung parenchyma and an irreversible loss of 

function3. As such, IPF is likely to result from a complex interaction between 

genetic and environmental factors, most of which remain unknown.  

From diagnosis, the clinical course of IPF is highly heterogeneous and 

unpredictable, alternating periods of stability to periods of rapid deterioration. 

Indeed, while in most cases the inexorable decline in lung function and symptoms 

occurs over a period of years (slow decliners), 10-15% of individuals experience a 

much faster disease course progressing from mild symptoms to respiratory failure 

and death over a period of months (rapid decliners)4. Moreover, in 5% of cases a 

relatively slow decline is punctuated by episodes of acute worsening - termed acute 

exacerbations - which are fatal in the majority of cases.  

Staging systems are increasingly considered to estimate prognosis and to 

guide management decisions in chronic and progressive diseases. Several clinical 

(older age, male sex, smoking history, hospitalizations), physiological (forced vital 

capacity or gas exchange), radiological and pathological variables have been 

proposed to assess disease severity and predict survival in IPF. Physiological 

parameters have historically been considered the major prognosticators in IPF, 

either alone or integrated in multi-dimensional prediction models. Specifically, 

longitudinal changes in forced vital capacity (FVC) and diffuse DLCO are more 

predictive of prognosis than respective baseline values; thus, FVC decline has been 

used as the primary endpoint in several randomized controlled drug trials, which 

have led to the approval of nintedanib and pirfenidone for the treatment of IPF. 

Nonetheless, mortality rate for IPF is not significantly changed after the recent 

worldwide diffusion of the two new antifibrotic drugs nintedanib and pirfenidone, 
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emphasizing the need for a more complete understanding in the mechanisms of 

disease pathogenesis and in predicting IPF clinical behavior.  

Despite the vast amount of evidence produced in this field, the perfect 

marker of prognosis has not been identified yet. Nevertheless, I am reporting here 

the results of several studies aimed at investigating the potential usefulness of 

several variables (radiological pattern, genetic polymorphisms and pathological 

elements), which are promising in the prediction of IPF clinical course. 

After evaluating biomarkers potentially useful in the prognostic prediction, 

some clinical aspects associated with patient disease course were investigated. In 

particular, three main themes were addressed: the prognostic role of High-

Resolution Computed Tomography (HRCT) at baseline and during follow up, the 

impact of MUC5B rs35705950 genotype on disease behavior and survival, the 

presence of lymphoid follicles structures in lungs of IPF patients across the disease 

course from diagnosis to transplant. 

The thesis is composed by fifteen chapters, including this chapter. Chapter 

2 and chapter 3 provide the background, with a brief overview on IPF in Chapter 

2 and an update on a new disease entity, the progressive pulmonary fibrosis (PPF) 

in Chapter 3. Non-IPF interstitial lung diseases have been universally known to 

have a better disease course and prognosis compared to IPF. Nonetheless, in the 

last three or four years some evidence suggested that almost the forty per cent of 

non-IPF ILD patients, currently treated with specific treatment, may present a 

clinical course similar to IPF5,6. In 2019, the efficacy of nintedanib in patients with 

non-IPF fibrosis was published and, in the current year, the American thoracic 

society (ATS) and the European Respiratory Society, together with an update in 

IPF, published the first guidelines on PPF7,8.  The new recent challenge of 

respiratory researchers is now to apply their experience in IPF on PPF and to 

analyze potential predictors in those new clinical entities. With this background, 

during last year, at the same time as the research on IPF, I am collaborating with 

our rheumatologists of the University of Padova to define the progressive 

phenotype among the idiopathic inflammatory myopathies (IIMs) and the first 

results on our research is described on chapter 11. 

Aims of the thesis are elucidated in Chapter 4. Chapter from 5 to 10 cover 

the studies on clinical, radiological, pathological promising prognostic predictors 

for IPF disease course. More specifically chapter 5 contain the description of 



 

 

11 

 

radiological pattern in predicting the function decline in IPF patients not yet treated 

with antifibrotics. Chapter 6 want to analyze the longitudinal changes of 

radiological patterns over the 1-st year of follow up in IPF patients on antifibrotic 

treatment, and how these changes correlate with different functional disease 

trajectories. These two studies were the real pilot studies of my Ph.D. project and 

data were published during my first Ph.D. year. Chapter 7 want to analyze the 

impact of MUC5B polymorphism on survival of IPF patients on antifibrotic 

treatment. Chapter 8 applied previous evidences on radiological patterns and want 

to observe if our two genotyped populations could be different in radiological 

abnormalities at treatment initiation and during follow up. Chapter 9 want to 

elucidate the presence of adaptive immune cells in the lungs of patients with IPF, 

from the biopsies obtained at diagnosis to specimens obtained from explanted lung. 

Specifically, I focused on count and describe the presence of lymphoid follicles in 

IPF lungs, on the basis of some previous evidences4, 9, 10. Chapter 10 want to 

investigate the role of serum Carbohydrate Antigen 19-9 (CA 19-9) levels in IPF 

and other PPF patients with advanced disease referred to our lung transplant center 

and its relation with different patterns of functional. 

During last three years, our clinical and research life has been disrupted by 

Coronavirus disease 2019 (COVID-19), that has rapidly become a global pandemic 

with lung disease representing the main cause of morbidity and mortality. As a 

respiratory clinician, my daily activity for the past two and a half years has included 

also the care of patients with COVID-19 pneumonia. Consequently, parallel to the 

research on IPF, during the last years I focused my research activities also on 

patients with COVID-19. Chapter 12 to chapter 14 focused on my research on 

COVID-19. Specifically, on Chapter 12 the relationship between Chest X-Ray 

severity score on admission and the level of medical care was analyzed. Chapter 

13 assessed the viral load in the nasopharyngeal swab and its association with 

severity score indexes and prognostic parameters. Chapter 14 want to characterize, 

among hospitalized patients for COVID-19, those with persisting pulmonary 

sequelae during follow-up, and clinical and radiological predictors of pulmonary 

fibrosis were analyzed.  

Chapter 15 reports general conclusions of the research. 
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INTERSTITIAL LUNG DISEASES 

Interstitial Lung Diseases (ILDs) are defined as lung disorders with variable 

degrees of pulmonary inflammation and fibrosis1,2. ILDs include disorders in the 

context of a clear pathological condition (collagen or vascular disease, 

environmental exposure or drug related disease) as well as disorders of unknown 

etiology. The latter group includes idiopathic interstitial pneumonia (IIPs), 

granulomatous diffuse lung disorders such as sarcoidosis, and other forms of ILDs 

such as lymphangioleiomyomatosis (LAM), pulmonary Langerhans’ cell 

histiocytosis and eosinophilic pneumonia. 

 

IDIOPATHIC PULMONARY FIBROSIS 

IPF is the most common form of IIPs and is characterized by the worst 

prognosis. In 2011 the American Thoracic Society (ATS), the European 

Respiratory Society (ERS), the Japanese Respiratory society (JRS), and the Latin 

American Thoracic Association (ALAT) provided an evidence-based review in 

order to define guidelines for the diagnosis and the management of this disease. 

This document addresses issues on disease, definition, epidemiology, risk factors, 

natural history, diagnosis, staging and prognosis, treatment, monitoring disease 

course, and future directions. Treatment guidelines and the diagnostic criteria of 

IPF were then revised in 2015 and 2018, respectively3–6. In 2022 the same group of 

experts, on behalf of ATS, ERS, JRS and ALAT provided a new document where 

diagnostic criteria were revised7.  

 

DEFINITION 

IPF is defined as a specific form of chronic, progressive fibrosing interstitial 

pneumonia of unknown cause, inevitably lethal, but limited to the lungs. The 

elderly male adults are the most frequent type of patients primarily affected by this 

disease. In the proper clinical context, the diagnosis of IPF requires specific 

combinations of the radiologic and/or histopathologic pattern of Usual Interstitial 

Pneumonia (UIP)5. Other forms of interstitial pneumonia including other IIPs and 

interstitial lung disease associated with environmental exposure, medications, or 

systemic disease have to be excluded. Great importance is the distinction of IPF 

from other forms of IIPs, since its therapeutic approach and prognosis are different.  
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CLINICAL PRESENTATION/FEATURES 

The disease primarily affects older adults, typically current or former 

smoking males of over 60 years of age, and specifically is believed to occur in 

genetically susceptible individuals as a consequence of an aberrant wound-healing 

response following repetitive alveolar microinjury, leading to scarring of the lung 

parenchyma and an irreversible loss of function8. In patients aged less than 50 years 

the disease is uncommon and often a family history of ILD is revealed5. 

IPF should be suspected in all adult patients with unexplained chronic 

exertional dyspnea, chronic dry cough, typical bibasilar dry crackles (‘velcro’ 

crackles), and digital clubbing5. IPF most commonly presents with an insidious 

onset of progressive shortness of breath over months to years, and chronic dry 

cough. The typical nonproductive cough is often refractory to antitussive 

agents. Patients with interstitial lung disease often initially receive a diagnosis of 

heart failure or chronic obstructive pulmonary disease, suggesting that clinicians 

frequently fail to consider interstitial lung disease in patients with dyspnea. At the 

beginning, dyspnea may only be present on exertion, but it gradually changes to 

resting shortness of breath. In some case, patients may subsequently manifest overt 

features of an underlying connective tissue disease that was subclinical at the time 

IPF was diagnoses. Features of right heart failure, cyanosis and peripheral edema 

develop only in the last stages. 

 

EPIDEMIOLOGY – INCIDENCE AND PREVALENCE 

IPF is still considered a rare disease, even though the prevalence of the 

disease appears to be increasing (it is unclear whether this reflects increased 

recognition or a true increase in incidence). The exact values of incidence and 

prevalence remain very difficult to define for the absence of large-scale 

epidemiologic studies.  

The exact global incidence and prevalence of the disease remain unclear, 

with incidence estimates ranging from 2 up to 9.6 per 100,000 person-years9,10. 

Among individuals aged 65 years and older, incidence of IPF is approximately 94 

per 100,000 per year. Incidence of IPF worldwide is comparable to that of several 

malignancies, including stomach, liver, testicular and cervical cancers. In the US, 

between 150,000 and 200,000 people are believed to be affected, and as many as 

40,000 people die from IPF each year. Similar numbers have been reported for 
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Europe11,12. The incidence of IPF appears to be higher in North America and Europe 

(3 to 9 cases per 100,000 person-years) than in South America and East Asia (fewer 

than 4 cases per 100,000 person-years)13. The prevalence of IPF has been reported 

in United States to range from 10 to 60 cases per 100,000.It has not yet been 

clarified, whether geographic, ethnic, cultural, or racial factors may influence the 

incidence and prevalence of IPF. 

The prognosis of IPF seems to be very poor with a median survival time of 

3 to 5 years from the time of diagnosis and with a 5-year survival of approximately 

20 per cent, and these numbers are still not significantly changed after the recent 

worldwide diffusion of the two new antifibrotic drugs nintedanib and 

pirfenidone14,15, emphasizing the need for a more complete understanding in the 

mechanisms of disease pathogenesis. 

 

RISK FACTORS 

As for other type of IIPs, IPF is, by definition, a disease of unknown etiology. 

Despite uncertainty about the causes, a number of potential risk factors have been 

analyzed: 

• cigarette smoking: it has been noticed that a majority of patients reports a 

history of cigarette smoking, with significant exposure (more than 20 pack-

years). This evidence was observed both in familial as well as in sporadic 

forms of IPF16. 

• environmental exposure: in addition to smoking, other risk factors from 

environmental exposure were considered. An important increased risk 

appears to be attributable to metal and wood dust. Brass, lead and steel are 

examples of metal dusts, which have been described as potential risk factors 

involved in the increased incidence of IPF. Among wood dust exposures, 

pine is often reported. Farming, raising birds, hair dressing, stone 

cutting/polishing, and exposure to livestock and to vegetable dust/animal 

dust all seem to be correlated with IPF.  

• microbial agents: the attention to the potential role of microbiome in IPF 

pathogenesis and progression or as a trigger of acute exacerbation has long 

been postulated17. The recent application to IPF of culture-independent 

techniques for microbiological analysis has revealed previously 

unappreciated alterations of the lung microbiome, as well as an increased 
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bacterial burden in the bronchoalveolar lavage (BAL) of IPF patients, 

although correlation does not necessarily entail causation.  

Among all possible microbial agents, most research focused on chronic viral 

infections. The human herpes viruses (HHVs), a large family of DNA 

viruses that includes herpes simplex virus type 1 (HSV-1), Epstein-Barr 

virus (EBV), cytomegalovirus (CMV) and HHV-7 and HHV-8, have 

received the most attention as causative factors in IPF, mainly because of 

their ability to cause lifelong latent infection in the alveolar epithelium and 

to reactivate in older individuals. For example, both Epstein-Barr virus 

(EBV) protein and DNA of EBV have been identified in lung tissue of 

patients with IPF, specifically in the alveolar epithelial cells. The presence 

of the virus in replication phase, is demonstrable by searching for EBV 

genome rearrangement. Some studies have proved, that EBV genome 

rearrangement is in fact detectable in the majority of DNA-positive IPF 

biopsies. Tang et al. identified one or more herpes viruses in almost all IPF 

lung specimens, as compared to one-third of the control lungs. Specifically, 

the viral DNA detected was referable to EBV, cytomegalovirus, human 

herpesvirus (HHV) -7, and HHV-818. Research has also been focused on 

hepatitis C virus (HCV), although at present it is not yet clear whether 

hepatitis C plays a role in the etiology of IPF. 

Despite the large number of studies, a definite role of infection in pulmonary 

fibrosis has not been certainly established. 

• Gastroesophageal reflux: gastroesophageal reflux (GER) and erosive 

esophagitis are widely diffused among population. A lot of studies have 

proved a tight correlation between GER and respiratory affections. 

Microaspiration of acid and alkaline materials can be extremely damaging 

to airways and lung parenchyma. Inflammation, edema, aspiration 

pneumonia, are frequently linked with GER. Abnormal GER is a common 

finding in patients with IPF. Abnormal acid GER, through microaspiration, 

seems to be a risk factor for IPF or, on the other hand, it is not clear if it is 

the consequence of changes in intrathoracic pressure, as a result of poorly 

compliant lung19-21. Nevertheless, GER is clinically silent in the majority of 

patients. The typical symptoms of heartburn and regurgitation are difficult 

to distinguish between patients with and without GER. Since abnormal GER 
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is frequent among IPF patients, alkaline components in the reflux may play 

an important role in pulmonary fibrosis. However, further studies should to 

be have to be performed, in order to establish a real role of GER in IPF. 

• Ageing: the mechanisms that link ageing with IPF remain unknown. One 

possible mechanism is related to an accelerated shortening of telomeres (see 

section ‘Genetic Factors’). Ageing is also associated with increased 

oxidative stress as a result of an imbalance of pro-oxidants (reactive oxygen 

and nitrogen species) and antioxidants (eg, superoxide dismutases, 

glutathione). Excessive oxidative stress determines various deleterious 

effects that might contribute to the pathogenesis of IPF.  

 

GENETIC FACTORS  

IPF is likely to result from a complex interaction between environment and 

genetic factors, most of which remain unknown22. Nonetheless, approximately half 

of IPF patients lack a clear genetic signature. As such, with very few exceptions, 

genetic testing is not recommended in the routine evaluation of patients with either 

familial or sporadic IPF7.  

Several lines of evidence suggest the existence of a genetic predisposition 

to pulmonary fibrosis, including different susceptibility to pulmonary fibrosis 

among mice challenge with the same amount of bleomycin, and the occurrence of 

pulmonary fibrosis in the context of rare genetic disorders, such as Hermansky–

Pudlak syndrome (HPS) and Dyskeratosis Congenita (DC).  

HPS is an autosomal recessive disorder caused by defects in intracellular 

protein trafficking23. Eight human HPS-related genes have been identified (i.e. 

mutations in AP3B1 gene), each of which can lead to a diverse clinical HPS 

phenotype. Most commonly, patients with HPS present with oculo-cutaneous 

albinism and prolonged bleeding, increased predisposition to infection and 

pulmonary fibrosis. DC, a rare genetic disease secondary to altered telomere 

biology, is complicated by pulmonary fibrosis in as many as 20% of cases24. DC is 

associated with mutations within dyskerin (dyskeratosis congenita 1, DKC1), a 

gene involved in telomere biology and maintenance25. Patients with DC exhibit a 

classical triad of abnormal reticular skin pigmentation, leukoplakia, and nail 

dystrophy26. In childhood, bone marrow failure is the most frequent complication, 

while pulmonary fibrosis is a frequent cause of death in adults. 
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The identification of a genetic signature however has the potential to provide us 

with crucial information regarding prediction of disease behavior and, owing to the 

availability of two effective IPF-specific antifibrotic therapies, response to 

treatment. In clinical trials of IPF, a major obstacle is the heterogeneity of the 

patient population enrolled, wherein the rate of disease progression is not uniform. 

In this scenario, genotype-guided enrolment has the potential to identify 

compounds that are effective in selected groups of patients. 

 

Familial pulmonary fibrosis (FIP) and sporadic IPF 

Most forms of IPF are sporadic, and there are no genetic factors that are 

consistently associated with sporadic IPF. While genetic studies in familial 

pulmonary fibrosis have provided useful data for the pathogenesis of IPF, it is not 

the same for sporadic forms of IPF. Nonetheless, polymorphisms of several genes 

have been recently associated with increased risk of sporadic IPF. The most likely 

mode of genetic transmission seems to be autosomal-dominant with variable 

penetrance. The global incidence of these mutations has been estimated to be up to 

15% for familial pulmonary fibrosis (FIP), and 3% for sporadic form of pulmonary 

fibrosis27. Genetics appears to influence also disease progression.  

Moreover, current evidence suggests that sporadic and familial cases of IPF 

may reflect a continuum of genetic risk rather than existing as distinct forms. The 

term FIP refers to the occurrence of disease in two or more members of the same 

family. The criteria used to diagnose IPF are the same in familial and sporadic 

cases. Indeed, familial and sporadic forms of IPF are clinically and histologically 

indistinguishable, although younger age at diagnosis and different patterns of gene 

expression appear to distinguish between the two. In addition, recent family-based 

studies have identified rare genetic variants, which are shared by both familial and 

sporadic IPF.  

Table I. summarizes the main genetic associations with sporadic IPF and 

familial forms. The occurrence of IPF in twins raised apart along with geographical 

clustering of cases reinforce the role of genetic factors in the development of the 

disease28.  
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Table I. Summary of the main genetic associations with sporadic and familial 

idiopathic pulmonary fibrosis. 

 

Familial pulmonary fibrosis Sporadic pulmonary fibrosis 

Gene Variant Gene Variant 

SFTPC Several loss-of-function 

mutations 

SFTPC Several loss-of-function 

mutations 

SFTPA2 G231V and F198S loss-of-

function mutations 

IL1RN rs408392 

rs419598 

rs2637988 

MUC5B rs35705950 TOLLIP rs5743890 

rs5743894 

rs111521887 

TERT Leu55Gln 

Thr1110Met 

TERT Leu55Gln 

Thr1110Met 

TERC  

 

rs6793295 TERC 98 G > A 

37 A > G 

DKC1 Several loss-of-function 

mutations 

CDKN1A rs2395655 

rs733590 

 

 

Specific genetic variants  

Genes encoding for cytokines (such as interleukin (IL)-1, tumor necrosis 

factor (TNF)-α, lymphotoxin α, IL-4, IL-6, IL-8, IL-10, and IL-12), enzymes like 

α1-antitrypsin and angiotensin-converting enzyme, profibrotic molecules 

(transforming grow factor (TGF)-β1), coagulation pathway genes (plasminogen 

activator inhibitors-1 and -2), genes for surfactant protein-A and -B, 

immunomodulatory genes (complement receptor 1, NOD2/CARD15), and matrix 

metalloproteinase (MMP)-, are the main polymorphisms detected29-35. Despite this 

evidence, none of these findings has been validated in further studies. 

Genome-wide association studies (GWAS) and linkage studies have 

identified most common genetic variants that appear to contribute the development 

of IPF27. 
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Surfactant protein C (SFTPC) and A2 (SFTPA2) genes 

The first genetic variants associated with pulmonary fibrosis were identified 

after 200036. Nogee and colleagues reported on an infant girl of six weeks of age 

who was diagnosed with nonspecific interstitial pneumonitis. Her mother had been 

diagnosed with Desquamative Interstitial Pneumonitis (DIP) at 1 year of age. In 

both the patient and the mother, the SFTPC mutation was identified on only one 

allele, indicating an autosomal dominant pattern of inheritance. The baby was 

treated successfully with corticosteroids and supplemental oxygen, and the 

respiratory symptoms improved. Since the initial description by Nogee, several 

mutations in SFPTC and SFTPA2 have been associated with familial pulmonary 

fibrosis37. Mutation in the SFTPC has not been described in patients with the 

sporadic form of the disease, while SFTPA2, has been recently linked with familial 

pulmonary fibrosis and lung cancer, in the eventuality of a rare mutation. 

 

Mucin 5B gene (MUC5B) 

In 2011, Seibold and colleagues published the most important article on 

genetics of IPF to date38. By applying a genome-wide linkage analysis followed by 

sequencing, they were able to identify a single nucleotide polymorphism (SNP) 

(rs35705950) located in the promoter region of MUC5B on chromosome 11p15.5, 

which was strongly associated both with sporadic IPF and with FIP. For details, see 

the ‘MUC5B in interstitial lung diseases’ above. 

 

Human telomerase reverse transcriptase (hTERT) or human telomerase rna 

(hTR) 

Telomeres consist of repetitive DNA sequences of TTAGGG at the ends of 

linear chromosomes, which protect the chromosome ends that progressively shorten 

with each cell division39. Telomerase is a specialized DNA polymerase responsible 

for telomere elongation onto chromosome ends. Telomerase has two different 

components that carry out the function of telomere repeat addition: the core 

telomerase protein TERT, which contains the telomerase reverse transcriptase 

domain, and an essential RNA component, TR (also known as TERC), which 

complexes with TERT and provides the template for telomere elongation26. 
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Reduced telomerase function leads to accelerated telomere shortening, 

which, under normal circumstances, occurs with aging. Short telomeres also induce 

a DNA damage response leading to cell death or permanent cell cycle arrest. As 

such, telomere shortening has been involved in a number of degenerative age-

related diseases.  Accelerated telomere shortening may lead to a number of clinical 

features, referred to as “premature aging syndrome”26. Pulmonary fibrosis, similar 

to bone marrow failure (i.e., bone marrow dysplasia, aplasia or myelodysplastic 

syndromes) and liver fibrosis/cryptogenic cirrhosis may result from loss of 

regenerative capacity, and is among the more severe clinical consequences of 

telomere shortening40. Accordingly, compared to age-matched controls, IPF 

patients display higher frequencies of fibrotic disease outside the lung. 

Abnormalities of telomere biology and maintenance are believed to represent the 

“missing” link between ageing and IPF. Several reports have described that 

mutations within either of the essential components of the telomerase complex, the 

human telomerase reverse transcriptase (hTERT), or the human telomerase RNA 

(hTR), are associated with familial IPF41. Germline mutations in hTERT and hTR 

are present in 8-15% of pulmonary fibrosis families. Mutations in hTERT and hTR 

determine loss of function and decreased telomere activity leading to 

haploinsufficiency. Interestingly, a small minority (approximately 1-3%) of 

sporadic cases also carry these same mutations, suggesting the existence of shared 

pathogenetic mechanisms. Some studies have tested the hypothesis that short 

telomeres contribute to disease risk also in sporadic IPF by examining telomere 

length in peripheral blood leukocytes and alveolar cells42. Alder and collaborators 

evaluated patients with sporadic IPF, patients with IPF and known telomerase 

mutations and healthy lungs. Telomere length was assessed by using quantitative 

FISH analysis. IPF patients irrespective of carriage of telomerase gene-associated 

mutations have indistinctly shorter telomeres than controls42. Moreover, individuals 

affected by FIP are clinically indistinguishable from patients with sporadic disease 

although familial cases have a younger age at presentation and may present some 

differences in radiological pattern43.  

 

Genetic variants and survival implications 

Genetic variants may also be associated with survival. Noth and colleagues 

found that variants within Toll interacting protein (TOLLIP) and signal peptide 
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peptidase like 2C (SPPL2C) influence risk of developing IPF44. Specifically, 

carriers of the minor allele (G) of rs5743890 had both decreased risk of IPF and 

increased mortality45, a finding difficult to explain. Similarly, Peljto and colleagues 

observed that carriers of the MUC5B rs35705950 risk allele had a survival 

advantage46. A functional SNP in Toll-like receptor 3 (TLR3) has also been 

associated with accelerated disease progression and with increased mortality in 

patients with IPF47. The mechanism for these observed differences in mortality 

remains unknown, but could be related to underlying differences in disease 

pathogenesis or in the clinical response to commonly prescribed therapies. 

 

PATHOGENESIS 

Collagen deposition is an indispensable and, typically, reversible part of 

wound healing, even though normal tissue repair can evolve into a progressively 

irreversible fibrotic response if the tissue injury is severe or if the wound-healing 

response itself becomes dysregulated.  

Fibrosis is defined by the pathological accumulation of excess extracellular 

matrix (ECM) components, such as collagen and fibronectin, and mainly due to 

chronic inflammatory diseases. If highly progressive, the fibrotic process finally 

leads to organ disfunction.  

IPF was once thought to be the result of a chronic inflammatory process. 

The established belief directly relating fibrosis with chronic inflammation has been 

recently confuted. Current evidence indicates that the fibrotic response arises from 

multiple repeated damage to alveolar epithelial cells (AECs), followed by an 

abnormal healing process. AECs cells can produce mediators that induce the 

accumulation of fibroblasts and myofibroblasts through the proliferation of resident 

mesenchymal cells, attraction of circulating fibrocytes, and stimulation of the 

epithelial to mesenchymal transition. The fibroblasts and myofibroblasts secrete 

excessive amounts of extracellular matrix, mainly collagens, resulting in scarring 

and destruction of the lung architecture8. Many distinct causes can contribute to the 

development of progressive fibrotic disease. The coagulation response is the first 

wound-healing mechanism activated after injury. The coagulation cascade is an 

important pathological process in fibrosis, because has several profibrotic effects. 

Subsequently, abnormalities in coagulation cascade can substantially contribute to 

the development of progressive fibrotic disease. TNF-α and IL-1β, in particular, 
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have been identified as important cytokines involved in a variety of fibrotic 

diseases. Macrophages belong to the innate inflammatory response and appear early 

in the wound-healing response. These cells are major producers of TGF-β, which 

is considered one of the main drivers of fibrosis. Indeed, TGF-β production 

correlates with the progression of liver, lung, kidney, skin and cardiac fibrosis. On 

the other hand, inhibition of the TGF-β signaling pathway has been shown to reduce 

the development of fibrosis.  

Fibrocytes are bone marrow derived precursors that can migrate to the sites 

of injury. As such, they can be detectable in peripheral blood. Fibrocytes may be 

recruited in response to chemokines generated by infection or injury and may 

increase fibrogenesis via extracellular matrix production and/or secretion of 

profibrotic factors. Recent evidence describes that circulating fibrocytes are 

increased in IPF compared with normal control subjects. Additionally, patients with 

acute exacerbations of IPF have levels of fibrocytes further elevated48. 

Neovascularization is a fundamental process in tissue repair after injury and it 

depends on the balance between various factors, mainly chemokines that promote 

or inhibit angiogenesis. An increased angiogenesis has been described in 

experimental lung fibrosis; even though, the role of angiogenesis in IPF is unclear.  

 

DIAGNOSTIC CRITERIA 

The ideal approach for the diagnosis of fibrosis is an integrated approach 

and the last guidelines pointed out new aspects in the classical diagnostic algorithm 

(Figure 1)7.  
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Figure 1: Diagnostic algorithm in suspected IPF7. 

 

Physicians should use a standardized approach, focusing on several points 

such as history and physical examination. Diagnosis of IPF requires the following: 

1. Exclusion of other known causes of ILD (e.g., domestic and occupational 

environmental exposures, CTD, drug toxicity), and either: 

2. The presence of the HRCT pattern of UIP or UIP probable, 

3. Specific combinations of HRCT patterns and histopathology patterns in patients 

subjected to lung tissue sampling. 

 

When a patient is suspected for IPF, exclusion of other known causes of 

ILD, such as domestic or occupational environmental exposures, connective tissue 

disease, drug toxicity, is firstly required. Patients with suspected IPF (i.e., 

unexplained symptomatic or asymptomatic bilateral pulmonary infiltrates on a 

chest radiograph or high resolution chest computed tomography (HRCT) scan, 

bibasilar inspiratory crackles, and age older than 60 years), unexplained dyspnea 

on exertion, and/or cough with evidence of interstitial lung disease (ILD) should be 

carefully evaluated for potential and/or identifiable causes of ILD, such as domestic 

and occupational environmental exposures, connective tissue disease (CTD), or 
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drug toxicity. If a potential cause for ILD is identified, the patient should undergo 

a thorough evaluation to confirm or exclude other known causes, such as 

hypersensitivity pneumonitis, CTD, pneumoconiosis, and iatrogenic causes (e.g., 

drug toxicity, irradiation). If a specific diagnosis is not made or no potential cause 

for ILD is identified, further evaluation is influenced by the patterns of HRCT 

images of the chest and supportive clinical findings surfaced in the course of 

multidisciplinary discussion to ascertain or exclude the diagnosis of IPF. IPF is 

diagnosed if the appropriate combination of HRCT patterns and histopathological 

patterns are present. Surgical lung biopsy may be unnecessary in some familial 

cases.  

As might be expected, in order to perform an accurate diagnosis for ILD, 

clinical, radiologic, histopathologic evaluations must be considered for the 

diagnosis of IPF, and analyzed during multidisciplinary discussions (MMD) among 

experienced clinical experts in the field of ILDs. Proper communication between 

the various disciplines involved in the diagnosis of IPF (pulmonary, radiology, 

pathology) has been established to improve inter-observer agreement and 

diagnostic confidence among experienced clinical experts, in order to the ultimate 

diagnosis49. Some studies have proved that, after a careful exchange between 

clinical radiographic and histopathologic information, final diagnosis often differs 

from the initial diagnosis reached by the individual clinician, radiologist, or 

pathologist working in isolation. This is specifically essential, when the radiologic 

and the histopathologic patterns are not concordant.  

 

 

DEFINITION OF UIP PATTERN 

HRCT features 

Thin-section CT is one of the most important imaging examinations for the 

evaluation of interstitial pneumonia, and specifically recommendations are stressed 

in the last guidelines for IPF diagnosis7,50.  

HRCT plays an essential role in the diagnosis of IPF. On HRCT scan of the 

chest, four possible patterns could be detected: UIP pattern, probable UIP, 

indeterminate for UIP, CT findings suggestive for an alternative diagnosis. 

UIP is the hallmark radiologic pattern of IPF (Figure 2 A-E). 

Honeycombing is a distinguishing feature of UIP and must be present for a definite 
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HRCT diagnosis of UIP to be made. It can be seen with or without peripheral 

traction bronchiectasis or bronchiolectasis. The typical distribution of UIP is 

subpleural with basal predominance, although some upper lobe involvement is 

common; in some cases, the craniocaudal distribution of UIP may be relatively 

uniform. In some case, mediastinal lymph node may be detected, usually with mild 

enlargement (< 1.5 cm in short axis)5. Ground glass opacities are a common finding, 

but less diffuse than reticulations. If extensive ground glass is found, an alternative 

diagnosis should be suspected. A definite UIP pattern on HRCT is highly associated 

to the presence of UIP pattern on surgical lung biopsy. In the absence of 

honeycombing, the HRCT pattern is defined as probable UIP. Disagreement on the 

identification of honeycombing may be due to misinterpretation of conditions that 

may mimic honeycombing, such as traction bronchiectasis and emphysema51. 

An HRCT pattern of probable UIP with peripheral traction bronchiectasis 

or bronchiolectasis in the correct clinical setting likely represents histopathologic 

UIP on biopsy7. As with a UIP pattern, ground-glass opacification may be present 

in probable UIP, but it is not a dominant feature. Many patients with an HRCT 

pattern of probable UIP will be determined to have IPF once other factors such as 

histopathology are considered. 

It is now recognized that atypical HRCT features frequently (i.e., about 

30%) accompany a histopathologic pattern of UIP/IPF. Therefore, the category 

indeterminate for UIP pattern should be assigned when HRCT demonstrates 

features of fibrosis but does not meet UIP or probable UIP criteria and does not 

explicitly suggest an alternative diagnosis. This category includes a subset of 

patients with very limited subpleural ground-glass opacification or reticulation 

without obvious CT features of fibrosis, for whom there is a suspicion that early 

UIP or probable UIP is present. In such cases, it should be confirmed with prone 

inspiratory views that the subpleural opacities do not represent dependent 

atelectasis. 
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Figure 2A-E: UIP Pattern on High-resolution computed tomography (HRCT) 

patchy subpleural reticular opacities and honeycombing with basal 

predominance, in association with bronchiectasis6. (A–C) Transverse CT section 

and (D) coronal reconstruction illustrating the presence of honeycombing with 

subpleural and basal predominance. (E) Magnified view of the left lower lobe 

showing typical characteristics of honeycombing, consisting of clustered cystic 

airspaces with well-defined walls and variable diameters, seen in single or multiple 

layers (arrows). 

 

Histopathology features  

Video-assisted thoracoscopic surgery is the preferred approach to surgical 

lung biopsy (SLB) for patients who can tolerate single-lung ventilation, rather than 

open thoracotomy. In patients with severe physiologic impairment or substantial 

comorbidity, the risks of SLB may outweigh the benefits of establishing a secure 

diagnosis of IPF; therefore, the final decision regarding whether or not to pursue a 

biopsy must be tailored to the clinical situation of the individual patient. Multiple 

biopsies should be obtained from two to three lobes, because the histologic patterns 

on SLB specimens obtained from different segments can be discordant (e.g., 

coexisting UIP pattern and fibrotic NSIP pattern from different lobes). 
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The histopathologic hallmark and chief diagnostic criterion of UIP is a low 

magnification appearance of patchy dense fibrosis that: 

• is causing remodeling of lung architecture 

• often results in honeycomb change 

• alternates with areas of less-affected parenchyma.  

These histopathologic changes typically affect the subpleural and paraseptal 

parenchyma most severely. Inflammation is usually mild and consists of a patchy 

interstitial infiltrate of lymphocytes and plasma cells associated with hyperplasia of 

type 2 pneumocytes and bronchiolar epithelium. The fibrotic zones are composed 

mainly of dense collagen, although scattered convex subepithelial foci of 

proliferating fibroblasts and myofibroblasts (so-called fibroblast foci) are a 

consistent finding. Microscopic honeycombing is characterized by cystic fibrotic 

airspaces that are frequently lined by bronchiolar epithelium and filled with mucus 

and inflammatory cells. Smooth muscle metaplasia in the interstitium is commonly 

seen in areas of fibrosis and honeycombing. A definitive pathologic diagnosis of 

the UIP pattern can be made when all of the above features are present, particularly 

when honeycombing is present. However, even in the absence of honeycombing, a 

definite diagnosis of a UIP pattern can still be made if all of the other typical 

features are present. 

We recommend categorizing histopathologic findings of biopsies into UIP, 

probable UIP, indeterminate for UIP, and alternative diagnosis6 (Figure 3A-D). 

Advantages of this approach are that this terminology is consistent with imaging 

categories (although the specificity of the “alternative diagnosis” categories differs) 

and it allows us to discuss the patterns in the context of other clinical data during 

an MDD. This facilitates making the most appropriate overall diagnosis for the 

patient, regardless of whether the diagnosis is IPF or not IPF. Biopsies designated 

as indeterminate for UIP demonstrate a pattern of fibrosis that does not meet criteria 

for UIP or any other histopathologic pattern of fibrotic interstitial pneumonia and, 

in some cases, may favor an alternative diagnosis while not categorically excluding 

the possibility of sampling bias in a patient who ultimately proves to have UIP. A 

subset of patients with previously occult IPF may present with an acute 

exacerbation, which is commonly characterized by a combination of a UIP pattern 

complicated by superimposed diffuse alveolar damage with or without associated 

hyaline membranes. 
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 Figure 3A-3D: Histopathology demonstrating UIP6. (A) Low-magnification 

photomicrograph showing classical UIP/idiopathic pulmonary fibrosis (IPF) 

pattern characterized by dense fibrosis with a predilection for subpleural and 

paraseptal parenchyma with associated architectural distortion in the form of 

microscopic honeycomb change (arrow) juxtaposed with relatively unaffected lung 

parenchyma. Visceral pleura is seen in the upper portion of the figure. (B) Higher- 

magnification photomicrograph showing subpleural scarring and honeycomb 

change with associated fibroblast foci (arrow). (C) Low-magnification 

photomicrograph showing probable UIP/IPF pattern characterized by subpleural 

and paraseptal predominant patchwork fibrosis that is less well developed and lacks 

the degree of associated architectural distortion in the form of either destructive 

scarring or honeycomb change illustrated in A and B. (D) Higher-magnification 

photomicrograph showing patchy fibrosis and fibroblast foci (*) but without the 

extent of scarring and honeycomb change illustrated in A and B. 

 

Natural history of IPF 

By definition, the natural history of IPF has been described as a progressive, 

associated with a significant decline in objective and subjective function. Death 

occurs for respiratory failure or complicating comorbidities (such as coronary artery 

disease, pulmonary embolism and lung cancer). Risk of death increases with age 

and older male seem to have a worse prognosis. 
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There are several possible natural histories for patients with IPF, and the 

median survival time can only be a rough estimate. Most studies suggest a median 

survival time of 3 years from the time of diagnosis and a 5 years survival of around 

20%. Anyway, for a given patient the natural history is unpredictable at the time of 

diagnosis. The majority of patients have a slow, gradual progression over many 

years, some patients remain stable, while other patients have an accelerated decline 

(‘rapid progression’)5,6,51,52 (Figure 4). In the course of disease, some patient may 

present episode of acute respiratory worsening of unknown etiology (named acute 

exacerbations of IPF), which are almost inevitably fatal. It is unknown if this 

different natural histories depend on distinct phenotypes of IPF or if the natural 

history is influenced by geographic, ethnic, cultural, racial or other factors. Other 

comorbid conditions such as emphysema and pulmonary hypertension may impact 

the disease progression. The relative frequency of each of these natural histories in 

unknown. 

 
Figure 4: Natural history of IPF. 

 

Disease staging and prognosis 

At the time of diagnosis, the clinical evolution of IPF is difficult, almost 

impossible to define. In other words, clinical impairment is totally variable. For 

staging IPF, terms such as ‘early’, ‘mild’, ‘moderate’, ‘severe’ and ‘advanced’ have 

been proposed. Suggested stages are commonly based on: 

• resting pulmonary function tests51 and/or 

• extent of radiologic abnormalities53. 

In spite of this classification, it is unknown if these staging approaches are 

relevant to clinical decision making. Recently, some predictors of survivals in IPF 
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have been described. They may include the following: younger age (<50years), 

female sex, shorter symptomatic period (<1year) with less dyspnea, relatively 

preserved lung function.  

Some selected features could be involved in increasing mortality. Because of the 

variability in the natural history of IPF, it is unknown if the number of these 

mortality predictors could be relevant to identify a subpopulation of patients with 

‘advanced’ or ‘end-stage’ IPF5, 54. 

• Older male patients seem to have a worse prognosis. It is unknown if smoking 

could condition the prognosis of the disease. The prognostic value of 

geographic, ethnic, cultural and racial factors remains unknown. 

• Baseline dyspnea is involved in the determination of quality of life and 

survival. At present, several different metrics for dyspnea have been proposed, 

including measurement tools with respiratory questionnaires, University of 

California San Diego shortness of breath questionnaire, clinical-radiological-

physiological dyspnea score, and so on. Change in baseline dyspnea over time 

may predict survival. 

• Baseline pulmonary function tests have shown a variable connection with 

survival in IPF. Baseline forced vital capacity (FVC) is an unsure predictive 

value. Diffusing capacity for carbon monoxide (DLCO, single breath, 

hemoglobin corrected) is a more reliable predictive value of survival in 

patients with IPF. In particular, when DLCO value is a threshold of 

approximately 40% predicted, it is correlated to an increased risk of mortality.  

• Longitudinal factors, connected with progressive changes in physiology over 

time are important predictor of mortality in IPF. A decline in FVC over 6 or 

12 months of 5-10% may be a predictor of decreased survival. A decreasing 

DLCO value could be connected with a higher risk of mortality, although with 

less evidence. Decrease in DLCO greater than 15 mmHg change in P (A-a)O2 

after 12 months has been shown to be predictive of survival. Finally, six-

month change in total lung capacity (TLC) and P(A-a)O2 may also be 

predictive of survival. 

Several groups have demonstrated that the extent of fibrosis and 

honeycombing on HRCT are predictor of survival in patients with fibrosis55. 

In 2015, Hansell and co-workers emphasized the role of HRCT in staging IPF, 

in monitoring clinical conditions over time, and in being considered a primary 
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endpoint for current and future drug trials56. HRCT images seem to be more 

sensitive than functional measurements and cardiopulmonary exercise test 

parameters in identifying subjects with asymptomatic pulmonary fibrosis53,57. 

At present, based on the latest guidelines, at least two-thirds of the cases might 

receive a confident diagnosis of IPF integrating the clinical data of the patient 

and by recognizing the UIP pattern on the HCRT. Already in 2010, Fell and 

colleagues have suggested that age combined with a huge amount of fibrosis 

on HRCT may be considered an accurate diagnostic predictor for diagnosing 

IPF58.  A clear correlation between functional changes and CT evolution over 

time has not yet been established. A composite physiologic index (CPI) has 

been proposed to combine physiological and radiographic variables in an 

attempt to provide more accurate prognostic information59. CPI takes into 

account values from FEV1, FVC and DLCO to predict the range of disease on 

HRCT. The purpose is to provide a stronger predictor of mortality in fibrosis 

progression, in comparison with individuals measures of lung function such 

as FEV1, FVC, DLCO, TLC, PaO2 or the single clinical-radiographic-

physiological scoring system.  

• Some studies have shown that a decline in oxygen saturation to below 88% 

during 6MWT is a marker of mortality. 

• The prognosis for patients with discordant UIP on histopathology, that is 

pattern of UIP and NSIP within the same patient, seems to be similar to that 

of patients with a UIP pattern in all lobes analyzed (concordant UIP). 

• Pulmonary hypertension is defined as a mean pulmonary artery pressure of > 

25mmHg at rest. Pulmonary hypertension has been associated with an 

increased risk of mortality for patients with IPF. 

• The co-existing presence of emphysema in patients with IPF leads to a poor 

survival rate, in comparison to those without emphysema.  

• Only few data try to analyze the predictive value of serum and BAL 

biomarkers in IPF. The human MUC1 mucin KL-6 is a high-molecular-weight 

glycoprotein, produced by type 2 pneumocytes, that have been revealed to be 

increased in patients with IPF. These levels may correlate with increased risk 

of subsequent mortality. Serum levels of surfactant A and D are also elevated 

in patients with IPF and are potential predictor of survival. Some studies 

suggest that matrix metalloproteinase (MMP)-1 and MMP7 in BAL may 
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correlate with disease progression. In conclusion, more data about the 

relevance of cellular analysis of bronchoalveolar lavage (BAL) should be 

provided by further studies. Among all of the mortality predictors mentioned 

above, biomarkers may represent the main promising parameter to consider, 

in order to better characterize patients in terms of staging.  

• A simple-to-use prognostic staging system for IPF have been recently 

described54. Four variables were included in the final model: gender (G), age 

(A), and 2 lung physiology variables (P), such as FVC and DLCO. On the 

base of these parameters, the continuous predictor GAP calculator and the 

simple point-scoring system GAP index has been proposed to predict 

mortality in IPF. Consequently, three stages (stages I, II, and III) were 

identified based on the GAP index with 1-year mortality of 6%, 16%, and 

39%, respectively (Table D). In conclusion, the GAP models use commonly 

measured clinical and physiologic variables to predict mortality in patients 

with IPF. 

 

TREATMENT 

Based on the available evidence, none of the treatments currently available 

or under investigation has been shown to improve survival or quality of life in 

patients with IPF.  

Recent evidence emphasizes the central role played by aberrant wound 

healing following repeated lung injury, against the previous idea that IPF is a 

consequence of chronic inflammation. These new evidences weakened the rationale 

for the use of corticosteroids in IPF. As consequence corticosteroid and immune-

modulator therapy (such as colchicines, cyclosporine A, Interferon-γ 1b, 

etanercept) are no longer recommended for the treatment of IPF4. 

Recent evidences emphasized a different mechanism based on 

myofibroblasts and fibroblasts activation, in response to mediators coming from 

alveolar epithelial cells (AECs). The epithelium might directly determine the 

expansion of the population of fibroblasts and myofibroblasts through the 

mesenchimal transition (EMT). In this process, epithelial cells acquire 

mesenchymal properties through which they increase their capability to move and 

to synthesize excessive amounts of extracellular matrix, resulting in scarring and 
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destruction of the lung architecture8. As a consequence, new clinical trials about 

treatment have been focused on an anti-fibrotic targeted approach15,16,60.  

 

Pirfenidone 

Pirfenidone is a pyridine compound with pleiotropic, anti-inflammatory, 

antifibrotic, and antioxidant properties, in opposition to TGF-β1 effects. The 

CAPACITY studies (CAPACITY 1 - PIPF 006 and CAPACITY 2 - PIPF 004), two 

almost identical randomized, double-blind, placebo-controlled, multinational Phase 

III studies, evaluated the efficacy of oral pirfenidone over 72 weeks61. The primary 

endpoint was change in percentage predicted FVC at week 72, for both the studies. 

In study 004, mean FVC change at week 72 was -8.0% in the pirfenidone 2,403 

mg/day group and -12.4% in the placebo group (p = 0.001). Conversely, in the 006 

study, the change in FVC at week 72 did not differ significantly between the active 

and placebo arms (p = 0.501). In ASCEND (Assessment of Pirfenidone to Confirm 

Efficacy and Safety in Idiopathic Pulmonary Fibrosis) study, a randomized, double-

blind, placebo-controlled trial, patients were randomized to receiving 1:1 

pirfenidone 2,403 mg/die or placebo62. The study met his primary outcome of 

change from baseline to week 52 in the percentage of predicted FVC (−164 mL in 

the pirfenidone arm versus −280 mL in the placebo arm). In addition, pirfenidone 

reduced by 47.9% the proportion of patients with a decline of ≥10% in percentage 

predicted FVC or died and increased of 132.5% the proportion of patients with no 

decline in FVC (p<0.001). 

Subsequently pirfenidone approval in October 2014, an open-label 

extension study (RECAP) evaluating pirfenidone in IPF patients who were 

previously randomized to the placebo group in the CAPACITY program, have been 

reported63. Patients received oral pirfenidone 2403 mg/day and the primary 

endpoint was FVC decline at week 60. Results have shown 16.3 % patients 

experiencing an FVC decline ≥10% at week 60, compared with 16.8 % and 24.8 %, 

respectively, in the CAPACITY pirfenidone and placebo groups, and a mean 

decline from baseline to week 60 in % FVC of 5.9 % as compared with 7.0 % and 

9.4 % in the CAPACITY pirfenidone and placebo groups.  
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Nintedanib 

The TOMORROW (To Improve Pulmonary Fibrosis With BIBF 1120), a 

12-month, randomized, double-blind, placebo-controlled Phase II study, evaluated 

the safety and efficacy of BIBF 1120 (nintedanib), a tyrosine kinase inhibitor that 

suppresses pro-angiogenic intracellular signaling by targeting the proliferative 

growth factor receptors on platelets (PDGFR), vascular endothelium (VEGFR) and 

fibroblasts (FGFR)64. Nintedanib at a dose of 150 mg twice daily showed a trend 

toward a reduction in the decline in FVC - the primary outcome. Specifically, in the 

group receiving 150 mg of nintedanib twice a day, FVC declined by 0.06 liters per 

year, as compared with 0.19 liters per year in the placebo group, an almost 70% 

reduction in the rate of loss. 

The INPULSIS program included INPULSIS-1 and INPULSIS-2, two 

parallel multinational, randomized, double-blind, placebo-controlled, parallel-

group phase 3 studies testing the efficacy and safety of assumption of nintedanib 

150 mg twice daily as compared with placebo15. The primary end point was the 

annual rate of decline in FVC over a period of 52 weeks. The annual rate of decline 

in FVC was 114.7 ml in nintedanib group versus 239.9 ml in placebo group in 

INPULSIS-1 and 113.6 ml in nintedanib group versus 207.3 ml in placebo group 

in INPULSIS-2.  

 

Pamrevlumab 

CTGF is a secreted glycoprotein produced by various cell types, including 

fibroblasts, myofibroblasts, and endothelial cells. CTGF is thought to interact with 

various regulatory modulators, such as TGF-β, vascular endothelial growth factor, 

and receptors such as integrins. Through these interactions, CTGF modulates 

cellular responses to their environment, such as secretion or organisation, or both, 

of extracellular matrix, cell motility, and adhesion— biological activities that are 

associated with aberrant tissue repair (ie, fibrosis) and tumorigenesis. In patients 

with IPF, CTGF gene transcription in transbronchial lung biopsy specimens was 

reported to be approximately four times higher than in patients without idiopathic 

pulmonary fibrosis65. Additionally, CTGF in plasma was reported to be elevated in 

patients with idiopathic pulmonary fibrosis and the increased concentration 

correlated with change in FVC66. These observations suggest that CTGF might have 

a role in the pathogenesis of idiopathic pulmonary fibrosis. 
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Pamrevlumab (FG-3019) is a fully human recombinant monoclonal 

antibody against connective tissue growth factor (CTGF), which has been shown to 

act as a central mediator in the process of fibrosis. In the phase 2, randomised, 

double-blind, placebo-controlled PRAISE trial60, Pamrevlumab reduced the decline 

in percentage of predicted FVC by 60% at week 48. The proportion of patients with 

disease progression was lower in the pamrevlumab group than in the placebo group 

at week 48. Based on these promising results, phase 3 trial is ongoing in many 

countries. 

 

Nonpharmacologic therapies 

Patients with IPF and clinically significant resting hypoxiemia (SpO2 < 

88%) should be treated with long-term oxygen therapy. Selected patients with IPF 

may undergo lung transplantation. Lung transplantation should be considered for 

patients with progressive clinical deterioration despite medical treatment67. Some 

studies have shown a reduced risk of death at 5 years in patients undergoing lung 

transplantation, with a five-years survival rate estimated at 50 to 60%.  

Patients with worse baseline functional status can benefit from the effects of 

pulmonary rehabilitation.  

It has been mentioned above the existence of comorbidities associated with 

IPF. To date, there is no information regarding the usefulness of the treatment of 

the comorbidities, such as obesity, emphysema and obstructive sleep apnea, in 

patients with IPF. Treating these comorbidities may influence clinical outcomes. 

Anyway, it remains a matter to be explored.  

 

MONITORING THE CLINICAL COURSE OF DISEASE 

Patients with IPF should be monitored periodically. IPF is a chronic 

progressive disease and some clinical events may occur during the course of 

disease. For this reason, monitoring of patients with IPF is necessary to proactively 

identify patients with progressive disease, to detect worsening of symptoms and 

oxygenation, and to survey the course of disease or treatment complications. 

Increasing respiratory symptoms, worsening in pulmonary function test results, 

progressive fibrosis in HRCT and acute respiratory decline are the main aspect to 

consider when a disease progression is suspected. The presence of any of the 

following changes is consistent with progressive disease: 
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• progressive dyspnea. 

• progressive, sustained decrease from baseline in absolute FVC; 

• progressive, sustained decrease from baseline in absolute DLCO; 

• progression of fibrosis and ground glass from baseline on HRCT 

• acute exacerbation 

• death from respiratory failure. 

Dyspnea is a relevant symptom, and for patients it represents an important 

subjective variable of suffering. To date, several different metrics for the objective 

measurement of dyspnea have been proposed. Measurement tools may be 

respiratory questionnaires, University of California San Diego shortness of breath 

questionnaire, clinical-radiological-physiological dyspnea score, and so on. 

Nevertheless, it remains uncertain which dyspnea metric is most predictive of 

outcome in patients with IPF. Change in baseline dyspnea over time may predict 

survival. For this reason, monitoring for progressive dyspnea is an important point 

to consider. 

Pulmonary function test results are other parameters to focus on. Several clinical 

studies to date emphasize that a change in absolute DLCO of 15% (with or without 

a concomitant change in FVC) or a change in absolute FVC are critical markers of 

mortality. In absence of an alternative explanation, they are evidence of disease 

progression51,52. When smaller (5-10%) but progressive changes in FVC occur, this 

fact may also represent progression of disease. Exact threshold values of this 

parameters are difficult to explain, but isolated changes of less than 10% FVC and 

less than 15% in DLCO should be considered critical. A decreasing change in 

absolute DLCO in absence of an alternative explanation is consistent with 

progressive disease, although such a decline may be due to changes in pulmonary 

vasculature and coexistent pulmonary hypertension. Comorbidities such as 

coexisting emphysema may be a confounding factor on the predictive values in 

pulmonary function. The presence of a concomitant emphysema impacts FVC 

measurement, so FVC may be not a reliable indicator of disease progression. 

Evidence suggests that longitudinal measurement of other clinical and 

physiological variables (TLC, P(A-a)O2) and 6MWT variables are not useful for 

routine monitoring in patients with disease progression, at this time. 
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Of the parameters listed above, pulmonary function test results provide the most 

standardize and objective approach to monitoring and to quantification of disease 

progression.  

 

ROLE OF MUCINS 

Respiratory epithelium is lined by mucus, a gel consisting of water, ions, 

proteins, and macromolecules. Mucus serves a vital role in maintaining health and 

function of the lungs, is a barrier to prevent water loss and to remove inhaled foreign 

substances such as microbes, inflammatory cells, and pollutant particles. In the 

setting of chronic airway inflammation, respiratory mucus contains debris from 

bacteria or inflammatory cells68. 

The major macromolecular components of mucus, the mucin glycoproteins, are 

secreted by surface epithelial goblet cells, submucosal gland mucous and serous 

cells, or are tethered to cell membranes. Cell surface-associated mucins attached to 

airway epithelial microvilli and cilia generate an osmotic barrier, whereas the 

secreted, oligomeric mucin proteins retain water and form viscoelastic gels69. 

The coordinated interaction of membrane-associated and secreted mucins in the 

healthy airway surface liquid (ASL) establishes muco-ciliary clearance. The gel-

forming mucins polymerize, this allows the trapped particles in the gel matrix to be 

cleared by muco-ciliary or cough transport. The innate immune function of mucins 

goes beyond muco-ciliary clearance to include direct interactions with dendritic 

cells and new assignments for goblet cells as primary sensors of environmental 

threats to the epithelial surface70.  

Mucins are encoded by MUC genes; to date, 21 human MUC genes have been 

identified of which 14 are expressed in the airway71. Seven mucins predominate in 

airway protein expression: four membrane associated mucins (MUC1, MUC4, 

MUC16, MUC20); two gel-forming mucins (MUC5AC, MUC5B); and one 

secreted, non-gel-forming mucin (MUC7). The presence of characteristic repeating 

sequences of amino acids rich in proline, serine and threonine, where O-linked 

glycosylation occurs, distinguishes mucins from other glycoproteins72. The 

relatively short O-linked glycans (2-20 monosaccharides per chain) constitute up to 

80% of the molecular weight of the mucins, decorating the mucin protein core, 

whose number of repeated sequences is unique to each mucin. Mucins have a vital 
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role in airways immunity by capturing infectious agents and expelling them through 

muco-ciliary or cough clearance. 

 

Mucins in interstitial lung diseases 

Due to their essential role in airway protection and inflammatory regulation 

mucins have been studied in the context of ILDs. 

MUC1, also known as KL-6, firstly used as a serum tumor marker, has been 

dismissed for its high false positive rate in patients with pulmonary fibrosis. This 

evidence helped understanding the role of this protein in ILD patients73. MUC1 

additive role in anti-apoptosis and proliferation activities to those of TGFβ in 

fibroblast has been described by Hirasawa et al.74. Also tissue evaluation showed a 

correlation between MUC1 expression and the presence of ILD; Ohtsuki et al. 

reported linear and continuous staining for MUC1 on the cell surface of 

regenerating type II pneumocytes in patients with ILDs of various etiology (CTD- 

ILD, HP, IPF, NSIP), but only discontinuous staining in normal lung tissues75. 

Secretory mucin MUC5AC and MUC2 concentration in BAL fluid in ILD 

patients resulted significantly higher than in patients with pleural effusion in a 

recent study by Wei et al76. In the same study MUC5AC resulted connected with 

the number of lymphocytes in the fluid and negatively associated to ventilation and 

diffusion capacity of the patients, implying that this glycoprotein has a role in 

inflammation and function impairment of the lung. 

MUC5AC expression was also evaluated on surgical lung biopsies or lower 

lobes of different ILDs and compared to normal lung tissue in two different studies, 

with conflicting results: Seibold et al. observed an increased expression of 

MUC5AC in distal airway of IPF/UIP samples77; on the contrary, Conti et al. 

observed that the MUC5AC expression in honeycomb cyst of IPF/UIP patients 

were significantly lower than normal lung and comparable only in the distal 

airways, also they found that in NSIP and CTD-ILD lungs the percentage of 

MUC5AC positive cells were lower to controls78. 

 

MUC5B in interstitial lung diseases 

MUC5B is one of the pulmonary gel-forming secretive mucins, in normal 

lungs its expression is localized in submucosal gland mucus cells and forms a mucin 

layer atop the periciliary layer with MUC5AC. 
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MUC5B has an important role in airway immunity, such as other mucins, by 

capturing infectious agents and expelling them through muco-ciliary or cough 

clearance.  

Seibold et al. using a genomic linkage scan in families with familiar 

interstitial pneumonia detected a linkage between 82 families and a 3.4 Mb region 

of chromosome 11p1538. This region included genes for MUC2, MUC5AC and 

MUC5B. SNP rs35705950 is sited 3kb upstream the MUC5B transcription starting 

site, in its promoter region. The wild-type G allele of the rs35705950 SNP is 

conserved across primate species, it is directly 5′ (or adjacent) to a highly conserved 

region across vertebrate species. MUC5B minor allele T is common, at least in 

Caucasian ethnicity, where it is present in approximately 20% of European 

population. Even sharing the same genetic variant, individuals with this SNP 

rs35705950 that do not develop to IPF different individuals may not be exposed to 

other ‘risk factors’ for fibrosis.  

On further investigations, made on 83 subjects with FIP, 492 with IPF and 

322 controls, the single-nucleotide polymorphism (SNP) rs35705950 minor allele 

T demonstrate a strong connection with pulmonary fibrosis. Individuals carrying 

the mutant allele (T) either in heterozygous (GT) or homozygous form had an odds 

ratio for disease of 6.8 and 20.8 respectively for familial pulmonary fibrosis (FIP), 

and 9.0 and 21.8 respectively for IPF. The frequency of the T allele was 34% in 

familial cases, 38% in sporadic IPF cases, and 9% in control subjects. The 

association between MUC5B and IPF has been validated in several independent 

and a meta-analysis confirmed the correlation found in small cohort44,79,80 (Figure 

5), so that the MUC5B promoter polymorphism remains the strongest and most 

replicated genetic risk factor for pulmonary fibrosis to date.  
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Figure 5.81 MUC5B rs35705950 GT genotype increased risk of IPF compared with 

GG genotype. Forest plot of odds ratios (ORs) and 95% confidence intervals (95% 

CIs) from each study, subgroup and overall analysis were shown. Subgroup 

analyses were stratified by ethnicity. 

 

Altered MUC5B expression is associated with chronic airway disease and these 

findings suggest a role in the pathogenesis of pulmonary fibrosis82. Mucus 

overproduction contributes to the morbidity of many airway diseases, among which 

the most common are chronic obstructive pulmonary disease (COPD), asthma, 

cystic fibrosis (CF), and diffuse chronic panbronchiolitis. In mice, MUC5B 

deficiency leads to airway particle accumulation, mucous obstruction of the 

airways, increased risk of developing infection, and inflammation with impaired 

macrophage phagocytosis and death.  In addition, many researchers have 

speculated that the overproduction of MUC5B contributes to the development 

of IPF resulting from excessive lung injury and aberrant repair, however, little 

is known about the influencing factors of gene expression. Two are the mechanisms 

postulated83: 

• first, excessive MUC5B compromises the mucosal host defense and reduces 

lung clearance of inhaled particles, dissolved chemicals, and microorganisms. 

Over time, reduced clearance may lead to scar tissue formation and persistent 

fibroproliferation that expands and displaces normal lung tissue. Based on 

these considerations, as stem cells attempt to regenerate injured bronchiolar 

and alveolar epithelium, excess expression of MUC5B may disrupt normal 
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developmental pathways and hijack the normal reparative mechanisms in the 

distal lung, resulting in chronic fibroproliferation and honeycomb cyst 

formation (Figure 6).  

• second, excessive MUC5B in the respiratory bronchioles may interfere with 

alveolar repair. Too much MUC5B may impair mucociliary function, cause 

excess retention of inhaled substances (air pollutants, cigarette smoke, 

microorganisms, etc.), and, over time, the foci of lung injury may lead to scar 

tissue and persistent fibroproliferation that expands and displaces normal lung 

tissue (Figure 7). 

Seibold et al explored the effect of rs35705950 on MUC5B expression in lung 

tissue from 33 subjects with idiopathic pulmonary fibrosis and 47 control patients. 

MUC5B expression was 14.1 times higher among the subjects with idiopathic 

pulmonary fibrosis, the expression of the gene among control patients carrying at 

least one copy of the variant allele was 37.4 times higher than it was among control 

patients, who were homozygous for the wild-type allele. The same team found that 

MUC5B positive distal airways were more frequent in the IPF/UIP lung relative to 

control subjects, suggesting two processes: 

• conversion of MUC5B- distal airways to MUC5B+ airways; 

• increased frequency of MUC5B expressing cells in distal airways that were 

already positive. 

Of interest, the same authors reported on the intriguing tightly connection between 

MUC5B gene variants and honeycomb cysts, one of the pathologic hallmarks of 

IPF38. In subjects with idiopathic pulmonary fibrosis, regions of dense 

accumulation of MUC5B were observed in areas of microscopical honeycombing 

and involved patchy staining of the metaplastic epithelia lining the honeycomb 

cysts84,85. Recent evidence showed epithelial cells expressing MUC5B are the 

dominant mucin-expressing cell type in microscopic honeycomb cysts (Figure 8). 

The microscopic honeycomb cysts are filled with MUC5B protein and chronic 

inflammation cells and lined by pseudostratified ciliated columnar epithelium 

similar to those which line the bronchioles. MUC5B immunohistochemical 

staining has shown a dense accumulation of MUC5B in microscopic honeycomb 

cysts, in mucous plugs within the cysts as well as pseudostratified bronchial 

epithelium84,86.  
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The observation of over-expression of MUC5B in micro-honeycomb cysts was 

subsequently confirmed86.  

MUC5B promoter variant, rs35705950, is 32 bp upstream from the FOXA2 

binding motif, it’s likely that the variant and the binding site function together 

within a composite regulatory element. There are two probable hypotheses for the 

interaction: 

• MUC5B promoter variant is associated with regional changes in methylation 

and this could directly affect FOXA2 occupancy. In this case, increased 

methylation of the surrounding area leads to increased binding of FOXA2; 

• MUC5B promoter variant may alter the binding affinity/specificity for other 

transcription factors that interact with or are recruited by FOXA2 to regulate 

MUC5B expression. 

 

 
Figure 683. Model of stem cells repopulating bronchioles and alveoli under normal 

physiologic conditions and when challenged with increased expression of MUC5B. 

The excessive production of MUC5B by stem cells attempt to regenerate injured 

bronchiolar and alveolar epithelium disrupt normal developmental pathways and 

hijack the normal reparative mechanisms in the distal lung, resulting in chronic 

fibroproliferation and honeycomb cyst formation. 
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Figure 783. Model of recurrent injury/repair at the bronchoalveolar junction that is 

initiated and exacerbated by overexpression of MUC5B, retention of inhaled 

particles, and enhanced lung injury. The upper panel is the normal bronchoalveolar 

region and the lower panel represents a bronchoalveolar region affected by 

idiopathic pulmonary fibrosis (IPF). IPF could be a mucociliary disease that is 

caused by recurrent injury/repair at the bronchoalveolar junction that is initiated 

and exacerbated by overexpression of MUC5B leading to reduced ciliary function, 

retention of particles, and enhanced injury. 

 

 
Figure 886. Immunohistochemical staining for MUC5B protein (brown) in cystic 

structures in idiopathic pulmonary fibrosis (IPF) lung. Left: An area of IPF lung 

tissue containing histologically normal airway and honeycomb cysts. Middle and 

right: Honeycomb cysts, exclusively. In all three panels, honeycomb cysts are filled 

with mucus. Tissue was counterstained with hematoxylin. 

 

In conclusion, besides the promoter variant rs35705950, which 

definitely causes an overexpression of MUC5B and appears to be predictive of 

IPF, some transcriptional factors, inflammatory mediators, and associated 
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signaling pathways may also mediate MUC5B overexpression, leading to 

fibrogenesis. 

 

Interestingly, the Framingham Heart Study by Hunninghake and 

colleagues87 has shown that the odds for radiographic interstitial lung abnormalities 

(ILA) were 2.8 times greater for each copy of the rs35705950 minor allele. The 

term ILA refers to the presence on chest CT scans of subtle abnormalities such as 

subpleural reticular changes, honeycombing, traction bronchiectasis, ground glass, 

and centrilobular nodules affecting more the 5 % of each lung zone88. This study 

for the first time suggests a link between the polymorphism of MUC5B and ILA, 

suggesting that MUC5B genotype may potential be useful for early detection of 

fibrosis in asymptomatic individuals. In a subsequent study, Araki T. and co-

workers categorized the Framingham Heart Study population in patients with and 

without ILA and analyzed the presence of progressive change over time, defined as 

an increase in lung areas affected with nondependent ground-glass, reticular 

abnormalities, diffuse centrilobular nodularity, nonemphysematous cysts, 

honeycombing, or traction bronchiectasis, or a new appearance of at least one such 

abnormality. They demonstrated that increasing copies of the MUC5B promoter 

polymorphism were associated with ILA progression, which correlate with 

functional impairmaint89. 

In IPF, the prognostic role of MUC5B had discordant interpretation; Peljito 

et al. found that the presence of the minor allele was a protective factor for all 

mortality cause, with a hazard ratio of 0.48 in heterozygous patients and 0.21 in 

homozygous patients90. Otherwise Jiang et al. found that IPF patients with 

increased presence of T allele tend to have shorter overall survival. 

 

After these findings based on IPF, studies started to focus the interest on 

understanding a common pathway involving MUC5B SNP rs35705950 with other 

ILDs: 

• Peljto et al. found no significative difference in frequency of the minor allele 

in systemic sclerosis (SSc) between patients with interstitial pneumonia (IP) 

and without IP (10.6% and 9.4% frequency respectively), neither between SSc 

patients and controls (9.0% frequency)90; 
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• Stock et al. confirmed the absence of correlation between the minor allele and 

the patients with SSc and IP, similarly, no difference was found in between 

patients with sarcoidosis in stage I-III and the ones with stage IV sarcoidosis 

and fibrotic presentation79; 

• Ley et al. confirmed that also in chronic HP the frequency of minor allele was 

greater than healthy controls (24/32% vs 10.9%), in the same study was also 

found that the presence of minor allele correlates more with the presence of 

moderate/severe fibrosis and traction bronchiectasis than usual HP findings 

such as air trapping, airway centered fibrosis and granulomas91; 

• Juge et al. in a multicentric study compared the association between 

rheumatoid arthritis with interstitial lung disease (RA-ILD), rheumatoid 

arthritis (RA) alone and unaffected controls92. MUC5B promoter variant was 

found as a strong risk factor for RA-ILD, especially among patients with UIP 

pattern. However, SNP rs35705950 has no role in RA pathogenesis. 
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PROGRESSIVE PULMONARY FIBROSIS 

Together with the update on IPF diagnostic algorithm, the 

ATS/ERS/JRS/ALAT defined the new clinical entity of progressive pulmonary 

fibrosis (PPF). 

In recent almost four years, clinicians have pointed out the existence of 

some patients with ILD other than IPF, presenting a clinical course similar to IPF 

despite a good adherence to specific treatments (including corticosteroids and/or 

immunosuppressive therapy). 

We have previously discussed ILDs are defined as lung disorders with 

variable degrees of pulmonary inflammation and fibrosis, including disorders 

occurring in the context of a clear pathological condition (connective tissue diseases 

(CTD), environmental exposure or drug related disease) as well as disorders of 

unknown etiology1. IPF is the most common among the idiopathic interstitial 

pneumonia and presents a clinical/functional/radiological decline irrespective of the 

current antifibrotic treatments2-4.  

ILDs other than IPF were worldwide known to present a better prognosis 

compared to IPF5,6. Nonetheless, in addition to IPF, clinicians observed that a 

number of fibrosing ILDs can develop a progressive phenotype characterized 

histologically by self-sustaining fibrosis, a process common to a variety of 

conditions, and which leads to worsening quality of life, decline in lung function 

and, eventually, early mortality despite common treatments7,8. The real occurrence 

of PPF is unknown, but some studies postulated that up to 40% of ILD different 

from IPF may present a clinical course similar to IPF7. 

Certain types of chronic fibrosing ILD are more at risk of developing a 

progressive phenotype3,7, and mostly include idiopathic nonspecific interstitial 

pneumonia, unclassifiable ILD, autoimmune ILDs especially rheumatoid arthritis-

associated ILD, chronic hypersensitivity pneumonitis, genetic pulmonary fibrosis, 

and exposure-related diseases. On the contrary, ILDs like sarcoidosis (even stage 

IV), cryptogenic organizing pneumonia, desquamative interstitial pneumonia and 

respiratory bronchitis-ILD rarely have a relentless, progressive course with 

worsening fibrosis despite appropriate therapy. 

Some evidences suggested that PPFs share similarities to IPF regarding 

pathogenesis and clinical behavior9. Several mechanisms are known to be involved 

in the pathogenesis and progression of all PPF. ILDs are believed to be triggered 



 

 

56 

 

by repetitive chronic epithelial or vascular injuries, or by granulomatous 

inflammation, which lead to cell destruction and, in the case of fibrotic disease, to 

unregulated repair. Fibroblasts, are drawn from blood and other different sources 

and migrate to the site of injury. Resident interstitial fibroblasts proliferate and 

migrate, and finally all these fibroblasts are activated to become myofibroblasts, 

which secrete excessive amounts of extracellular matrix, resulting in increased 

tissue stiffness and loss of function of the alveolar tissue.  

Defining PPF was vary challenge, but the main guide was the experience of 

the last decades on IPF. In IPF, most studies have defined disease progression in 

terms of a decline in forced vital capacity (FVC), measured as the change from 

baseline or as a categorical change (typically ⩾10% predicted in patients without 

antifibrotic treatment and ⩾5% in treated patients), or more recently as a composite 

of categorical change and mortality10. Decline in FVC and diffusing capacity of the 

lungs for carbon monoxide (DLCO) and, less frequently, worsening of fibrotic 

features at serial high-resolution computed tomography (HRCT) are other 

important parameters considered in clinical practice for progression. Our first PPF 

guidelines published on May 2022 pointed out the criteria in order to worldwide 

define the progressive entity 3. Specifically, progression is considered when, over 

the last year of treatment at least two of three criteria occurred: (a) worsening 

respiratory symptoms; (b) physiological evidence of disease progression (defined 

below as FVC% pred. decline of ⩾5% or DLCO% pred. decline ⩾10%; (c) 

radiological evidence of disease progression. 

Finally, the direct implication of these new evidences was to apply our 

knowledge on IPF treatment on PPFs. It has been postulated that the efficacy and 

tolerability of the antifibrotic drugs pirfenidone and nintedanib could be evaluated 

in PPFs11. The cornerstone of this implications is the publication of the results of 

the phase III trial on the efficacy of nintedanib in progressive fibrosing interstitial 

lung diseases. To date, the Food and Drug Administration (FDA), the European 

Medicine Agency (EMA) and also the Agenzia Italiana del Farmaco (AIFA) 

approved nintedanib for the treatment of PPFs. 
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AIMS OF THE TESIS 

Idiopathic pulmonary fibrosis (IPF) is a chronic disorder, of unknown 

origin. The actual antifibrotic drugs (nintedanib and pirfenidone) aim to slow down 

its inevitably progressive course through respiratory failure and death, even though 

the mortality rate for IPF does not significantly change in last years, emphasizing 

the need for a more complete understanding in the mechanisms of disease 

pathogenesis and in predicting IPF clinical behavior.  

With this background, the aim of my project during the three-year PhD course 

was to investigate which variables may be used to predict the clinical course of 

patients with IPF. Specifically, I developed three main research topics: 

1. To investigate the role of High-Resolution Computed Tomography (HRCT) 

at baseline and during follow up in predicting the clinical course of IPF 

patients on antifibrotic treatment. 

2. To investigate the role of MUC5B rs35705950 genotype on disease 

behavior and survival of IPF patients on antifibrotic treatment and to 

analyze how this polymorphism may impact radiological patterns at CT 

scan.  

3. To identify, quantify, and describe lymphoid follicles structures in lungs of 

patients with IPF across the disease course, and to compare them with those 

in control smokers. 

In the meantime, I applied my research on the analysis of prognostic predictors 

also on the new clinical entity of progressive pulmonary fibrosis (PPF). First, I was 

involved, with my research group, in the analysis of the role of serum Carbohydrate 

Antigen 19-9 (CA 19-9) levels in IPF and other PPF patients with advanced disease 

referred to our lung transplant center and its relation with different patterns of 

functional. Second, together with the rheumatologist of our center of Padova, I want 

to assess clinical and serological predictors of pulmonary fibrosis among idiopathic 

inflammatory myopathies (IIMs), the potential association between different HRCT 

features and the clinical presentation in IIM-ILD patients and which parameters 

could be predictive features associated to progressive fibrosis despite treatment. 

Finally, in the meantime of the pandemic burden, my research activities on 

Coronavirus disease 2019 (COVID-19) wanted: 

- to analyze the relationship between Chest X-Ray severity score of patients 

hospitalized for COVID-19 and the level of medical care; 
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- to analyze the association between the viral load in the nasopharyngeal swab and 

its association with severity score indexes and prognostic parameters; 

- to characterize, among hospitalized patients for COVID-19, those with persisting 

pulmonary sequelae during follow-up, and which clinical and radiological 

parameters may be considered predictors of pulmonary fibrosis. 
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ABSTRACT 

High-Resolution Computed Tomography (HRCT) plays a central role in diagnosing 

Idiopathic Pulmonary Fibrosis (IPF) while its role in monitoring disease 

progression is not clearly defined. Given the variable clinical course of the disease, 

we evaluated whether HRCT abnormalities predict disease behavior and correlate 

with functional decline in untreated IPF patients. Forty-nine patients (with HRCT1) 

were functionally categorized as rapid or slow progressors. Twenty-one had a 

second HRCT2. Thirteen patients underwent lung transplantation and pathology 

was quantified. HRCT Alveolar (AS) and Interstitial Scores (IS) were assessed and 

correlated with Forced Vital Capacity (FVC) decline between HRCT1 and HRCT2. 

At baseline, AS was greater in rapids than in slows, while IS was similar in the two 

groups. In the 21 subjects with HRCT2, IS increased over time in both slows and 

rapids, while AS increased only in rapids. The IS change from HRCT1 to HRCT2 

normalized per month correlated with FVC decline/month in the whole population, 

but the change in AS did not. In the 13 patients with pathology, the number of total 

lymphocytes was higher in rapids than in slows and correlated with AS. 

Quantitative estimation of HRCTs AS and IS reflects the distinct clinical and 

pathological behavior of slow and rapid decliners. Furthermore, AS, which reflects 

the immune/inflammatory infiltrate in lung tissue, could be a useful tool to 

differentiate rapid from slow progressors at presentation. 
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INTRODUCTION 

Idiopathic pulmonary fibrosis (IPF) is a chronic and progressive lung 

disease of unknown origin with a highly heterogeneous and unpredictable clinical 

course1,2. While in most cases the inexorable decline in lung function and symptoms 

occur over a period of years (slow progressors), 10–15% of individuals experience 

a much faster course, progressing from mild symptoms to respiratory failure and 

death over a period of months (rapid progressors)1,3,4. The identification of Usual 

Interstitial Pneumonia (UIP) pattern by High Resolution Computed Tomography 

(HRCT) plays a central role in the diagnosis of IPF, avoiding the need of lung 

biopsies in a high proportion of cases2,5. Furthermore, HRCT-derived scores for 

fibrosis extent have been widely shown to correlate with degree of physiological 

impairment and may be more sensitive to subtle changes in disease status than 

physiological metrics6-11. 

Although the crucial role of HRCT in staging and monitoring IPF over time 

has been emphasized12, the big challenge for clinicians remains the possibility to 

forecast the disease course (slow or rapid) at the time of diagnosis13-15. To predict 

the variable and poorly defined natural history of IPF, composite scoring systems 

are increasingly being developed6,7,16. The Gender, Age, Physiology (GAP) index, 

which is based only on clinical and functional variables, was able to predict one-

year mortality in a cohort of patients with IPF16. Moreover, integrating CT scores 

to the GAP model increased the accuracy of mortality prediction7, indicating a 

potential role for the HRCT in the prediction schemes. However, these scoring 

systems, even if useful, are still neither able to foresee prospectively the highly 

heterogeneous and unpredictable disease behavior, nor able to guide treatment 

response. 

We thought that a careful evaluation of the different HRCT patterns, 

including not only fibrotic changes but also ground glass opacities, might help to 

predict the future rate of functional decline in patients with IPF not conditioned by 

antifibrotic treatment. Taking advantage of our unique population of IPF patients 

not yet treated with antifibrotics, in this study, we assessed if HRCT pattern at 

diagnosis may: (a) predict disease behavior (slow or rapid progressors); (b) have a 

pathological basis; and (c) if changes of the HRCT pattern over time are linked to 

functional decline, without the confounding factor of treatment. 
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METHODS 

Study Population 

In this longitudinal study, we analyzed a well-characterized cohort of 

Idiopathic Pulmonary Fibrosis (IPF) patients, with a long clinical functional and 

radiological follow up, referred between 2011 and 2014, naïve of antifibrotics. All 

patients in our study, whether from our center or referred to our center, were offered 

antifibrotic therapy as soon as it became available, provided they met the Forced 

Vital Capacity (FVC), DLCO and age criteria for treatment and they had no clear 

contraindications to it. However, given that the aim of our study was to look at a 

population of patients off treatment, we considered only radiological and functional 

data before antifibrotic therapy was instituted. In addition, a minority of our patients 

belonged to an historical cohort from the pre-antifibrotic therapy era (before 2014) 

and they had no access to antifibrotic therapy. Forty-nine patients from two 

Interstitial Lung Disease Centres in Italy (University of Padova, Italy, n = 43 and 

University of Foggia, Italy n = 6) were included. The diagnosis of IPF was made in 

accordance with the latest guidelines1,2 (Supplementary Materials). Clinical and 

functional data were collected at the time of diagnosis (Table 1).  
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Table 1. Demographics and clinical characteristics of the entire population 

(n=49), of which 30 slow and 19 rapid progressors. 

Based on their annual rate of decline in forced vital capacity percent (FVC%) predicted, patients 

were categorized as slow (<10%) or rapid progressors (⩾10%). The study was performed in 

accordance with the Declaration of Helsinki and approved by the Ethics Committee of the University 

Hospital of Padova (4280/AO/17). Informed consent was obtained for all study participants. 

Study Design and Radiological Analysis 

A HRCT was obtained at diagnosis (HRCT1) in all patients. Twenty-one 

patients had a second HRCT (HRCT2), after a median of 17 months of follow-up. 

The clinical and functional data of this subgroup are shown in Table S1. HRCT1 

and HRCT2 were scored blindly and independently by two expert thoracic 

radiologists by using a quantitative scale, as previously described8. Briefly, this 

score consists of the assessment of ground glass opacities (GGO) (alveolar score, 

AS%) and fibrotic extent (interstitial score, IS%) for each lung lobe. After each 

individual lobe was scored for both IS and AS, the final result was expressed as 

mean value of the five lobes for the whole lung and in different lung regions (upper 

and lower). The inter-observer agreement between the two radiologists was good 

 Entire 
population 

(n=49) 

Slow 
progressors 

(n=30) 

Rapid 
progressors 

 (n=19) 

p value 

Male – n (%) 42 (86) 24 (80) 18 (94) 0.22 

Age at diagnosis – years 58 (33-74) 58 (46-74) 60 (33-69) 0.75 

Smoking history – pack years  
• Current – n (%) 
• Former – n (%) 
• Non smokers – n (%) 

20 (0-93) 
2 (4) 

40 (82) 
7 (14) 

15 (0-60) 
1 (3) 

23 (77) 
6 (20) 

21 (0-93) 
1 (5) 

17 (89) 
1 (5) 

0.24 
1 

0.45 
0.22 

Symptoms duration at 

diagnosis – months  
20 (0-240) 20 (0-240) 18 (0-120) 0.58 

Radiological diagnosis – n 

(%) 
28 (57) 20 (67) 8 (42) 0.13 

FVC at diagnosis – L  2.34 (1.19-

4.06) 
2.18 (1.19-

4.06) 
2.51 (1.75-4) 0.38 

FVC at diagnosis – %pred.  67 (36-109) 66 (36-109) 76 (46-107) 0.52 

DLCO at diagnosis – %pred. 47 (10-97) 45 (25-97) 50 (10-82) 0.73 

FVC decline per year – ml  275 (-330-

1498) 
130 (-330-

380) 
689 (331-

1498) 
< 

0.0001 
FVC decline per year – 

%pred. 
9 (-30-35) 4 (-30-9) 16 (11-35) < 

0.0001 
Patients undergoing 

transplant – n (%) 
13 (27) 6 (20) 7 (37) 0.31 

Patients who died – n (%) 28 (57) 15 (50) 13 (68) 0.2 
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(Cohen’s kappa 0.7), a value similar to that reported in previous studies11. In the 

twenty-one IPF patients in whom a second HRCT was available, we studied the 

correlation between radiological changes and FVC% decline by calculating the 

change of Alveolar Score (∆AS/month), the change of Interstitial Score 

(∆IS/month) and the change in FVC (∆FVC mL/month) in the period from HRCT1 

to HRCT2. We expressed the radiological changes per month to normalize the 

differences in timing between HRCT1 and HRCT2 in the slow and rapid 

progressors. 

Pathological Analysis 

Thirteen of the 49 patients underwent lung transplantation during the follow 

up (for clinical-functional data, see Table S2). In all cases, the presence of UIP 

pattern was histologically confirmed by our expert pathologist (FC)1. The native 

lungs were fixed in formalin by airway perfusion and samples from upper and lower 

lobes were obtained and embedded in paraffin. Sections with a thickness of 5 um 

were cut and stained for histological and immunohistochemical analysis, as 

previously described5. Fibroblastic foci were counted in sections stained with 

hematoxylin–eosin and expressed as number of fibroblastic foci/mm2 of area 

examined (Figure 1). Cellular infiltrate including total leukocytes (CD45+), 

neutrophils, macrophages (CD68+), and total lymphocytes calculated as sum of 

CD4+, CD8+ T lymphocytes as well as B lymphocytes (CD20+) was identified by 

immunohistochemistry as previously described3,17-19 (Figure 1). Each 

inflammatory cell type was quantified in 20 non-overlapping high-power fields per 

slide and expressed as cells/mm2 of area examined. 

In the thirteen IPF patients in whom the histological tissue and a HRCT 

performed at time close to the transplantation were available, we studied the 

correlation between the radiological changes and the cellular inflammatory 

infiltrate and between the radiological changes and the fibroblastic foci count. 
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Figure 1. Microphotographs showing lymphocytes infiltrating the lung tissue in patients with IPF. 

Panel A: CD8+ T lymphocytes stained in red. Panel B: CD4+ T lymphocytes stained in brown. Panel 

C: CD20+ B lymphocytes stained in brown. Immunostaining with monoclonal antibodies anti-

human CD8, anti-human CD4 and anti-human CD20. Panel D: fibroblastic foci (arrows) in the 

transition zone between the normal lung (on the left) and the dense remodelled parenchyma with 

microhoneycombing (on the right) (hematoxylin and eosin staining). Insert at higher magnification: 

detail showing a fibroblastic focus composed of spindle cells with overlying hyperplastic 

pneumocytes (hematoxylin and eosin staining) 

Statistical Analysis 

Statistical analyses were performed as previously described20 

(Supplementary Materials). To compare clinical and pathological data between 

rapids and slows, Chi square test or Fisher’s exact test and Mann–Whitney U test 

were used when appropriate. To evaluate the difference between HRCT1 and 

HRCT2, Wilcoxon analysis was performed. Correlation coefficients between 

radiological, functional and pathological findings were calculated using the 

nonparametric Spearman’s rank method. Adjusted p-values for multiple 

comparisons were calculated using the Holm method. The inter-observer agreement 

between the two radiologists was evaluated by kappa statistic measure21. All data 

were analyzed using SPSS Software version 25.0 (New York, NY, US: IBM Corp. 

USA) p-values < 0.05 were considered statistically significant. 
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RESULTS 

Clinical and Radiological Characteristics at Baseline 

The clinical characteristics at baseline are shown in Table 1. Most patients 

were males and former smokers. Thirty patients were slow and 19 rapid progressors 

(median annual FVC decline: 130 mL and 689 mL respectively). None of the 

patients was treated with antifibrotics and 60% % (equally distributed between the 

two groups) were treated with low dose prednisone with or without azathioprine 

according to previous guidelines22. In HRCT1, AS was significantly greater in rapid 

than in slow progressors (p=0.008), while IS was similar in the two groups, either 

in the entire lung (Figure 2) or in different lung regions, upper and lower zones 

(Table S3). 

To corroborate the findings observed in previous analyses, we obtained a 

ROC curve on Alveolar Score data in rapid and slow progressors. We found that 

the area under the curve was 0.72, (95% Confidence Interval 0.57–0.87; p = 0.008). 

On the other hand, in ROC curve for Interstitial Score, we did not observe any 

statistically significant results (95% Confidence Interval 0.35–0.67; p = 0.88). 

 

Figure 2. Values of HRCT1 Interstitial Score and Alveolar Score at baseline in slow progressors 

(slow) and rapid progressors (rapid). Horizontal bars represent median values; bottom and top of 

each box plot 25th and 75th, brackets 10th and 90th percentiles, while circles represent outliers. 

White boxes indicate slow progressors and red boxes rapid progressors. 
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Pathological Analysis 

In the 13 patients who were transplanted (Table S2), we quantified the lung 

pathology (Figure 1A–C). The number of CD20+ B lymphocytes, CD4+ and CD8+ 

T lymphocytes (considered both individually or all together as total lymphocytes) 

was significantly increased in rapids than in slows (Table 2). No significant 

difference in the number of CD45+, neutrophils, macrophages and fibroblastic foci 

was found between rapid and slow progressors. 

Table 2. Inflammatory cells numbers of the entire population with lung 

pathology (n=13), of which 6 slow and 7 rapid progressors. 

Values are expressed as median and ranges. P values refers to comparison between slow and rapid 

progressors. 

Pathological-radiological correlations 

The total number of lymphocytes/mm2 was positively correlated with the 

HRCT AS in the whole population (Figure 3). 

 

 

 

 

 

 Entire 
population 

(n=13) 

Slow 
progressors 

(n=6) 

Rapid 
progressors 

 (n=7) 

p value 

Total leukocytes CD45+ - 
cells/mm2 

352 (149-732) 284 (149-383) 379 (333-732) 0.7 

Macrophages- cells/mm2 136 (63-308) 132 (63-308) 136 (71-303) 0.9 

Neutrophils- cells/mm2 51 (2-138) 6 (2-62) 51 (4-138) 0.1 

Total lymphocytes - cells/mm2 
• CD 20+ B lymphocytes 
• CD 4+ T lymphocytes 
• CD 8+ T lymphocytes 

273 (74-414) 
42 (25-115) 
138 (20-284) 
44 (12-120) 

152 (74-273) 
36 (27-115) 
87 (20-138) 
33 (12-45) 

353 (256-414) 
62 (25-115) 

194 (115-284) 
66 (26-120) 

0.002 
0.008 
0.002 
0.001 

Fibroblastic foci- n/mm2 2.7 (1-7) 2.8 (2-7) 2 (1-4.6) 0.09 
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Figure 3. Relationship between the number of total lymphocytes infiltrating the lung tissue and the 

HRCT Alveolar Score. The black line represents the correlation in the entire population. White 

circles indicate slow progressors and red circles rapid progressors. Spearman’s rank correlation: 

r=0.67, p=0.01 in the entire population; r=0.33, p=0.48 in slow progressors alone; r=0.81, p=0.03 in 

rapid progressors alone. 

Functional and Radiological Characteristics at Follow Up 

In the 21 patients who had a follow up HRCT2 (Table S1), we found that 

both AS and IS increased significantly over time in both groups together (Table 

S4). When the patients were divided by rate of decline, IS increased over time in 

both slows and rapids, while AS increased significantly only in rapids (Figure 4) 

(Table S4). 
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Figure 4. Values of Interstitial Score and Alveolar Score of the two serial HRCT scans (HRCT1 at 

baseline and HRCT2 at follow up). Horizontal bars represent median values; bottom and top of each 

box plot 25th and 75th, brackets 10th and 90th percentiles, while circles represent outliers. White 

boxes indicate slow progressors and red boxes rapid progressors. 

Functional-radiological correlations 

There was a significant correlation between the functional decline, defined 

as ΔFVC ml/month, and the radiological changes in IS, defined as ΔIS/month, but 

not with ΔAS/month. However, when stratified by the rate of decline, the 

correlation between ΔFVC ml/month and ΔIS/month was no longer significant in 

the rapid and slow decliners (Figure 5). When the delta IS was normalized by IS at 

the beginning, the correlation with the delta FVC was maintained in the patient 

population as a whole (p = 0.01, r = 0.57) but not in the slow and rapid subgroups. 
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Figure 5. Relationship between the change over time in FVC ml (ΔFVC ml/month) and the change 

over time in Interstitial Score (ΔInterstitial Score/month). The black line represents the correlation 

in the entire population. White circles indicate slow progressors and red circles represent rapid 

progressors. Spearman’s rank correlation: r=0.66, p=0.002in the entire population; r=0.31, p=0.6 in 

slow progressors alone; r=0.73, p=0.06 in rapid progressors alone. 

 

DISCUSSION 

High-Resolution Computed Tomography (HRCT) plays a central role in 

diagnosing and staging the severity of IPF2,5,7,8,10,12.The HRCT relevance in IPF 

underlines its potential usefulness as a tool to predict future disease behavior at the 

time of diagnosis and to design future clinical trials12.  

In this study, we investigated in a group of IPF patients, followed long term 

(prior to available anti-fibrotic treatment), whether radiological quantification of 

fibrotic abnormalities and ground glass opacities in HRCT at diagnosis may predict 

disease behavior over time. Our results showed that, in the HRCT performed at 

diagnosis, patients who had experienced a rapid functional decline, rapid 

progressors, had a higher alveolar score (AS) than slow progressors, while the 

extent of fibrosis (Interstitial Score, IS) was similar in the two groups. Furthermore, 

in a second HRCT at follow up, changes in IS over time was correlated with 

functional decline. Idiopathic Pulmonary Fibrosis is a heterogeneous disease, the 

outcome of which is determined by the rapidity of the longitudinal loss of forced 

vital capacity, a major prognostic predictor linked to an increase in mortality risk16, 

23-25. The diagnosis of IPF can be done in most cases by HRCT, considered a good 

reflection of UIP, the pathological counterpart of IPF. Based on its diagnostic 

accuracy, the scoring of the different abnormalities seen in HRCT has been used in 

an attempt to improve the prediction of IPF outcomes7,10. In general, these studies 

show an important variability in individual disease progression and an association 

between mortality and increased fibrosis score over time, especially when 

combined with changes in FVC7,8,10-12,26. 

According to the annual FVC decline greater or lower than 10%pred, two 

clinical IPF phenotypes have been repeatedly reported in the literature, the rapid 

and the slow progressors3-5,27. These phenotypes have been shown to have a distinct 

gene expression profile, including the activation of important pro-inflammatory 

pathways that may potentially play a role in disease progression of rapid 



 

 

73 

 

decliners4,27. Previous studies assessing the value of HRCT in the prediction of IPF 

behavior did not differentiate their patients by the predetermined rate of 

progression, rapid or slow, a factor of crucial significance for the understanding of 

disease prognosis. In the present study, we analyzed a group of patients naïve to 

antifibrotics classified as slow or rapid progressors, based on FVC decay over time, 

with the aim to identify HRCT features that could possibly differentiate at 

presentation rapid from slow decliners, a major prognostic predictor in IPF. 

Differently from previous studies6,7, we evaluated not only the degree of interstitial 

score (IS) but also the degree of ground glass opacities, alveolar score (AS). 

Although pure ground glass opacity is not usually a feature of UIP, many patients 

with fibrotic lung disease have ground glass opacity admixed with reticular 

abnormality and/or traction bronchiectasis. In this context, the ground glass opacity 

should be regarded as part of the fibrotic process, as indicated by the recent 

Fleischner Society white paper5 and, as such, we believe it needed to be assessed2. 

The HRCT findings in our study, showing that at baseline rapid progressors had an 

AS significantly greater (almost double) than slow progressors, is of high interest 

since it might help to identify, early in the course of the disease, the more aggressive 

phenotype with worse prognosis. 

The significance of ground glass opacities in IPF is not clear, but it might 

be related to parenchymal inflammatory/exudative infiltrates, probably more 

evident in cases with more aggressive disease and rapid progression. In support of 

this possibility are our recently published findings that the different clinical course 

(rapid or slow) of an IPF population undergoing lung transplantation was associated 

with distinct underlying pathology in the explanted lungs3. Rapid progressors 

showed an extensive cellular immune infiltrate, both innate and adaptive, more 

prominent than slow progressors3. The possibility that AS might represent an 

alveolar inflammatory/exudative infiltrate is supported by the correlation observed 

in the present study between AS and the total number of lymphocytes in the 13 

explanted lungs. Because the timing to the second HRCT was different in the 21 

patients with two consecutive HRCTs, to compare the results, we calculated the 

changes over time in IS, AS, and FVC and expressed them as change/per month. 

As suggested by others26, the change in FVC/month in the whole group (rapids and 

slows together) correlated significantly with IS change/month. Of interest and 

fitting with our previous findings, the AS, plausibly representing a 
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cellular/exudative inflammatory response, increased significantly at follow up in 

rapid progressors while it remained stable in slow progressors. The exact 

explanation of this feature needs to be elucidated, however we can speculate that 

the AS signals a more exudative and thus unstable disease, rich in fibroblast foci, 

and more likely to rapidly progress towards fibrotic changes and consequently rapid 

functional worsening. These findings seem in line with our previous evidence on 

lung pathology that showed the presence of an intense lung immune infiltrate in the 

rapid progressors, but not in the slow progressors3. These results would support a 

role of inflammation and of adaptive immune response in determining disease 

behavior28 and might account, at least in part, for the different responses to anti-

fibrotic drugs among IPF patients. In favor of this possibility is our recent report 

showing that pirfenidone reduces FVC decline in IPF patients with a more 

pronounced beneficial effect in rapid than in slow progressors29. A strength of our 

study is the unique opportunity to investigate a population of IPF patients naïve of 

anti-fibrotic treatment, followed for at least one year, in which the disease decline 

phenotype, rapid or slow, could be determined by changes in FVC. Knowing the 

rate of decline allowed us to investigate if patterns of HRCT abnormalities could 

separate the rapid from slow phenotype, since the rate of FVC decay signals the 

worse prognosis of the disease and the response to treatment. Another important 

and unique feature of the study is that both AS and IS, radiological parameters 

which correlated with FVC decay, had a pathological confirmation. Due to the 

availability of effective anti-fibrotic drugs30,31, studies on IPF patients naïve of 

antifibrotics will become progressively less common, if at all possible (and ethical). 

Thus, the HRCT patterns described could help to predict the long-term disease 

behavior and prognosis and be the bases for further studies in treated patients. 

A limitation of our study is the relative low number of cases and the fact 

that the time interval between HRCT1 and HRCT2 was not the same in all patients. 

We corrected for this difference in timing by expressing AS and IS as changes per 

month. Since the pulmonary function tests were performed at the same time of 

HRCT, we could correlate the radiological changes with the functional changes. 

The quantitative estimation of HRCTs disease extent was independently evaluated 

by two 

expert radiologists with a good inter-observer agreement. It may appear a limitation 

not having used the automated quantitative imaging analysis32-34, however visual 



 

 

75 

 

lung scores are and have been used as “gold standard” to validate software 

analyses11,35 that, in any case, have themselves some limitations and disadvantages 

such as the applicability to retrospective CT dataset34,36. 

Conclusion 

In conclusion, quantitative estimation of High-Resolution Computed 

Tomography alveolar (AS) and interstitial (IS) scores reflects the distinct clinical 

and pathological behavior of Idiopathic Pulmonary Fibrosis slow and rapid 

decliners. Furthermore, the alveolar score, which reflects the immune/inflammatory 

infiltrate found in lung tissue, could be a useful tool to differentiate rapid from slow 

progressors at presentation. 
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SUPPLEMENTARY MATERIAL 

METHODS 

Study population and radiological analysis 

This is a longitudinal study in which we analysed a well characterized cohort 

of IPF patient with a long clinical, functional and radiological follow up, referred 

in our transplant centre between 2011 and 2014 and before starting antifibrotic 

treatment.  

For each patient the diagnosis of IPF was made in accordance with the last 

ATS/ERS/JRS/ALAT guidelines1,2, either by clinical-radiological diagnosis (28 

patients) or clinical-radiological-histological diagnosis (21 patients). Patients with 

a clear history of environmental or occupational exposure, and with clinical or 

serological data suggestive for a connective tissue disease were excluded.  

For each patient the annual rate of decline in FVC% pred. was used to categorize 

the disease progression as slow (decline in FVC% pred. <10% per year) or rapid 

(decline in FVC% pred. ≥ 10% per year). Negative values of annual FVC% pred. 

and FVC ml decline during the follow-up indicated improvement. 

A HRCT was available at diagnosis (HRCT1) for all patients. Twenty-one 

patients (43%) had a second HRCT (HRCT2), after a median of 17 (range 5-87) 

months of follow-up, and the clinical and functional data of this subgroup are shown 

in Table S1. 
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Table S1. Demographics and clinical characteristics of the 21 subjects with 
available follow up HRCT2 (of which 12 slow and 9 rapid progressors)  
 

 All 
 population 

(n=21) 

Slow 
progressors 

(n=12) 

Rapid 
progressors 

 (n=9) 

p value 

Male – n (%) 16 (76) 8 (67) 8 (89) 0.33 

Age at diagnosis – years  58 (40-73) 58 (42-73) 58 (40-64) 0.88 

Smoking history – pack years 
• Current – n (%) 
• Former – n (%) 
• Non smokers – n (%) 

13 (0-57) 
1 (5) 

17 (82) 
3 (14) 

 13 (0-57) 
1 (8) 
9 (75) 
2 (17) 

17 (0-30) 
0 (0) 

8 (89) 
1 (11) 

0.96 
1 

0.6 
1 

Symptoms duration at 

diagnosis – months  
24 (1-240) 23 (1-240)  24 (2-29) 0.43 

Radiological diagnosis – n (%) 9 (43) 5 (42) 4 (44) 1 

FVC at diagnosis – L  2.03 (1.75-4.06) 2.06 (1.84-4.06) 1.99 (1.75-3.49) 0.59 

FVC at diagnosis – %pred. 69 (46-109) 73 (49-109)  59 (46-86) 0.24 

DLCO at diagnosis – %pred. 51 (13-106) 43 (37-106) 53 (13-97) 0.90 

FVC decline per year – ml  210 (-330-1440) 95 (-330-380) 660 (331-1440) 0.0004 

FVC decline per year – %pred. 9 (-30-29) 3 (-30-9) 16 (11-29) 0.0002 

Time between HRCT1 and 

HRCT2 – months 
17 (5-87) 24 (6-87) 11 (5-40) 0.03 

Patients undergoing 

transplant – n (%) 
6 (29) 4 (33) 2 (22) 0.55 

Patients who died – n (%) 13 (62) 6 (50) 7 (78) 0.19 

Values are expressed as numbers and (%) or medians and ranges. P values refers to 
comparison between slow and rapid progressors. 
 

At diagnosis, sex, age, smoking history and respiratory function (FVC both 

% predicted and millilitres-ml) were similar in slow and rapid progressors. The 

radiological follow-up period was longer in slow than in rapid progressors 

(median; range: 24; 6-87 months vs 11; 5-40 months; p=0.03).  

HRCT1 and HRCT2 were scored blindly and independently by two expert 

thoracic radiologists by using a quantitative scale, as previously described [8]. This 

score is made up by the assessment of ground glass opacities (alveolar score, AS%) 

and fibrotic extent (interstitial score, IS%) for each lung lobe, analyzing each series 

with axial slice thickness ≤ 2.5 mm and a limited slice spacing ≤ 10 mm. After each 

individual lobe was scored, the final result of AS% and IS% for the whole lung was 

expressed as mean value of the five lobes (AS and IS, respectively).  
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In the twenty-one IPF patient in whom a second HRCT and lung function 

assessment were available, we studied the correlation between the radiological 

changes and FVC decline by calculating the change per month of Alveolar Score 

(ΔAS/month) and Interstitial Score (ΔIS/month), and the change per month in FVC 

(ΔFVC% pred./month and ΔFVC ml/month) in the period from HRCT1 to HRCT2. 

We express the radiological changes per month to normalise the differences in 

timing between HRCT1 and HRCT2 in the slow and rapid progressors. 

 

Pathological analysis 

Thirteen of the forty-nine patients underwent lung transplantation during the 

follow up. Clinical and functional data of this subgroup are shown in Table S2.  

Table S2. Demographics and clinical features of the 13 subjects undergoing 
lung transplantation (of which 6 slow and 7 rapid progressors)  

 
Values are expressed as numbers and (%) or median and ranges. P values refers to comparison 
between slow and rapid progressors. 
 

 

 Entire 
population 

(n=13) 

Slow 
progressors 

(n=6) 

Rapid 
progressors 

 (n=7) 

p value 

Male – n (%) 13 (100) 6 (100) 7 (100) 1 

Age at diagnosis – years  54 (33-64) 59 (56-80) 52 (33-64) 0.56 

Smoking history – pack years 
• Current – n (%) 
• Former – n (%) 
• Non smokers – n (%) 

22 (0-92) 
0 (0) 

11 (85) 
2 (15) 

26 (0-57) 
0 (0) 
5 (84) 
1 (16) 

19 (0-92) 
0 (0) 
6 (86) 
1 (14) 

0.59 
1 
1 
1 

Symptoms duration at 

diagnosis – months  
10 (1-48) 12 (1-48)  10 (1-44) 0.83 

Radiological diagnosis – n 

(%) 
7 (54) 5 (83) 2 (29) 0.1 

FVC at diagnosis – L  2 (1.28-3.17) 2.17 (1.28-3.17) 2.09 (1.75-2.51) 0.9 

FVC at diagnosis – %pred. 59 (36-86) 50 (36-74) 62 (52-86) 0.045 

DLCO at diagnosis – %pred. 40 (10-97) 40 (28-97) 36 (10-54) 0.2 

FVC decline per year – ml  444 (0-1498) 140 (0-320) 783 (588-1498) 0.0039 

FVC decline per year – 

%pred. 
11 (1-27) 4 (1-9) 16.3 (11-27) 0.0082 

Time between HRCT and 

transplantation – months 
1 (0-20) 3 (0-14) 4 (0-20) 0.9 

Patients who died – n (%) 10 (77) 5 (83) 5 (71) 1 
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At diagnosis, sex, age, smoking history and FVC values (both % predicted 

and millilitres-ml) were similar in slow and rapid progressors. Time between the 

last HRCT performed and lung transplantation were similar in slow and rapid 

progressors. 

The native lungs were fixed in formalin by airway perfusion and samples 

were obtained and embedded in paraffin. Sections 5 μm thick were cut and stained 

for histological and immunohistochemical analysis, as previously described [3].  

Fibroblastic foci were counted in sections stained with hematoxylin–eosin and 

expressed as number of fibroblastic foci/mm2 of area examined. Cellular infiltrate 

including total leukocytes (CD45+), neutrophils, macrophages (CD68+), and total 

lymphocytes calculated as sum of CD4+, CD8+ T lymphocytes and CD20+ B 

lymphocytes was identified by immunohistochemistry as previously described 

[17,18]. Each inflammatory cell type was quantified in 20 non-overlapping high-

power fields per slide and expressed as cells/mm2 of area examined.  

 

Statistical analysis  

Categorical variables were described as absolute (n) and relative values (%) 

and continuous variables were described as median and range. To compare 

demographic and pathological data between rapid and slow progressors Chi square 

test and Fisher’s exact test (n < 5) for categorical variables and Mann-Whitney U 

test for continuous variables were used. To evaluate the difference between HRCT1 

and HRCT2, we performed a Wilcoxon (paired test) analysis. 

The relationship between ΔAS/month, ΔIS/month and ΔFVC ml/month and 

the relationship between AS and IS scores with inflammatory infiltrates and FF 

were evaluated using Spearman’s rank correlation. The inter-observed agreement 

between the two radiologists in the scoring of the abnormality was evaluated by 

kappa statistic measure. All data were analyzed using SPSS Software version 22.0 

(IBM USA). p-values < 0.05 were considered statistically significant. 

 

RESULTS 

Radiologic analyses for different regions (upper and lower lobes) and for 

total lung are shown in Table S3. In HRCT1, Alveolar Score, considered both 

separated for lung regions or all together in total lung, was significantly greater in 

rapid than slow progressors. In HRCT1, Interstitial Score, considered both separated 
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for lung regions or all together in total lung, was similar between rapid and slow 

progressors.  

Table S3. Alveolar Score (AS) and Interstitial Score (IS) of  HRCT1 in the entire 
population (n=49), of which 30 slow and 19 rapid progressors. 
 

 Entire 
population 

(n=49) 

Slow 
progressors 

(n=30) 

Rapid 
progressors 

 (n=19) 

p value 

HRCT1 Total lung AS - % 
• Upper region AS - % 
• Lower region AS - % 

10 (0-84)  
5 (0-82) 

10 (0-100) 

3 (0-75) 
2 (0-70) 
5 (0-100) 

21 (0-4) 
17 (0-82) 
23 (0-88) 

0.008 
0.02 
0.006 

HRCT1 Total lung IS - % 
• Upper region IS - % 
• Lower region IS - % 

28 (1-84) 
18 (0-82) 
38 (1-100) 

27 (1-84) 
19 (0-82) 
38 (1-100) 

30 (9-75) 
17 (0-70) 
38 (5-88) 

0.85 
0.63 
0.74 

Values are expressed as medians and range. P values refers to comparison between slow and rapid 
progressors. 
 
 
Table S4. Alveolar Score (AS) and Interstitial Score (IS) of both h HRCT scans 
(HRCT1 and HRCT2) in the entire population (n=49), of which 30 slow and 19 rapid 
progressors. 

 Entire population  
(n=21) 

p  Slow progressors  
(n=12) 

p  
 

Rapid progressors  
(n=9) 

p  

 HRCT1 HRCT2  HRCT1 HRCT2  HRCT1 HRCT2  
 
AS 

 
7 (0-84) 

 

 
13 (0-82) 

 
0.02 

 
6 (0-75) 

 
12 (0-63) 

 
0.21 

 
32 (0-84) 

 
47 (0-82) 

 
0.03 

 
IS 

 
26 (6-75) 

 
40 (9-84) 

 
0.0009 

 
25 (6-62) 

 
29 (9-84) 

 
0.03 

 
26 (9-75) 

 
56 (12-80) 

 
0.01 

Values are expressed as medians and ranges. P values refers to comparison between HRCT1 and 
HRCT2. 
 
 

Functional-radiological correlations 

The positive correlation between ΔFVC and ΔIS was confirmed when the change 

in FVC was expressed as ΔFVC% predicted (r=0.55, p=0.01). When stratified in 

slow and rapid progressors, the correlation was equally confirmed in the rapid 

group (r=0.87, p=0.01), but not in the slow group (r=0.27, p=0.38). Again, the 

correlation between ΔFVC% pred./month and ΔAS/month was not significant (r= 

0.11; p=0.64). 
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ABSTRACT 

Antifibrotic treatment slows down functional decline and disease progression in 

idiopathic pulmonary fibrosis (IPF). High-resolution computed tomography 

(HRCT) is useful to diagnose IPF; however, little is known about whether and to 

what extent HRCT changes reflect functional changes during antifibrotic therapy. 

The aim of this study was, therefore, to assess HRCT change over time after 1 year 

of treatment and to evaluate whether these changes correlate with functional decline 

over the same period of time. Sixty-eight IPF patients on antifibrotic treatment (i.e., 

pirfenidone or nintedanib) were functionally categorized as stable or progressors 

based on whether (or not) they had a decline in forced vital capacity (FVC) >5% 

predicted/year, and their HRCT were scored blindly and independently by two 

expert thoracic radiologists at treatment initiation (HRCT1) and after 1 year of 

treatment (HRCT2). Ground glass opacities (Alveolar Score, AS), reticulations 

(Interstitial Score, IS) and honeycombing (HC) were quantified and correlated with 

FVC decline between HRCT1 and HRCT2. At treatment initiation, HRCT scores 

were similar in both stable patients and progressors. After one year of treatment, in 

the entire population, AS and HC increased significantly, while IS did not. 

However, when stratified by the rate of functional decline, in stable patients, HC 

increased significantly while AS and IS did not. On the other hand, among 

progressors AS and HC increased significantly whereas IS did not. In the entire 

population, the combined score of fibrosis (IS + HC) correlated significantly with 

FVC decline. In conclusion, IPF patients on antifibrotic treatment exhibit different 

patterns of HRCT change over time based on their rate of functional decline. HRCT 

data should be integrated to lung function data when assessing response to 

antifibrotic treatment in patients with IPF. 
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INTRODUCTION 

Idiopathic pulmonary fibrosis (IPF) is a chronic progressive interstitial lung 

disease (ILD) of unknown etiology that leads to respiratory failure and death within 

3-5 years from diagnosis if untreated1. In addition, the clinical course of IPF patients 

is highly heterogeneous and largely unpredictable with the majority of individuals 

experiencing a slow but inexorable decline and a minority succumbing to an acute 

worsening2,3. The 2015 ATS/ERS/JRS/ALAT guidelines conditionally recommend 

nintedanib and pirfenidone for the treatment of patients with IPF owing to their 

ability to slow down functional decline and disease progression with an acceptable 

safety and tolerability profile4. However, neither drug is a real cure for IPF, and 

neither drug is able to stabilize the disease or reverse fibrosis4. Assessment of 

disease severity over time and prediction of disease behavior are critically 

important for optimal patient management. Historically, lung function tests have 

been used for monitoring IPF and forced vital capacity (FVC) decline is widely 

accepted as a surrogate of disease progression, and possibly mortality, in IPF5,6. 

High Resolution Computed Tomography (HRCT) is an essential component of the 

diagnostic work-up of IPF3. Indeed, the identification of a usual interstitial 

pneumonia (UIP) pattern on HRCT along with the exclusion of known causes of 

ILD allows a confident diagnosis of IPF to be made thus avoiding the need for 

histological confirmation and invasive procedures3. In addition, disease extent on 

HRCT (i.e., extent of reticular and honeycombing change) correlates with disease 

severity and prognosis in untreated patients with IPF7-9. However, what represents 

an ideal radiological scoring method to evaluate disease extension and predict 

progression remains highly controversial. Several semiquantitative methods of CT 

scoring based on visual assessment have been developed, some of which may help 

predict prognosis10,11. Yet, a number of methodological issues remain to be 

addressed including the time interval needed to detect clinically meaningful 

changes, the correlation between radiological and functional changes and the 

variable (and often suboptimal) level of agreement between observers on the 

presence and extent of disease patterns. Inter-observer variation for the visual 

estimation of the extent of disease pattern is unavoidable, but can be mitigated with 

a continuous learning method to reach a consensus12,13. With this background, we 

aimed to evaluate whether and to what extent HRCT abnormalities - as assessed by 
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semiquantitative visual score - change after 1 year of antifibrotic treatment and how 

these changes correlate with different functional disease trajectories (i.e., stable 

patients vs. progressors) in patients with IPF. 

 

METHODS 

Study population and study design 

In this restrospective longitudinal study, we analyzed a cohort of 

phenotypically well characterized patients with IPF referred to our center between 

April 2014 and April 2018 and followed clinically, functionally (FVC, forced vital 

capacity in one second (FEV1) and diffusing capacity of the lung for carbon 

monoxide (DLCO) and radiologically for at least one year after initiation of anti-

fibrotic treatment (either pirfenidone or nintedanib).  

Sixty-eight patients were included from two ILD centers in Italy (University 

Hospital of Padova, n= 59 and University Hospital of Foggia, n=9). For all patients 

the diagnosis of IPF was made in accordance with the ATS/ERS/JRS/ALAT 

guidelines2,3. Thirty-three cases required a histological confirmation of the 

diagnosis of IPF whereas in the remaining cases (n=35) the diagnosis was made 

based on clinical and radiological data only. Patients with a clear history of 

environmental or occupational exposure and those with clinical features or 

serological data suggestive of an underlying connective tissue disease were 

excluded.  

For all patients clinical and lung function data were collected at the time of 

treatment initiation and at regular time intervals (every three months) for up to 12 

months while HRCT was performed at treatment initiation and after 12 months 

(Table 1). Based on their annual rate of decline in absolute FVC% pred., patients 

were classified as progressors (absolute FVC% pred. decline/year > 5%, n=20) or 

stable (absolute FVC% pred. decline/yr ≤ 5%, n=48). Improvement of FVC (%pred. 

and mL) was expressed as negative value.  

The study was performed in accordance with the Declaration of Helsinki 

and was approved by the Ethics Committee of the University Hospital of Padova 

(4280/AO/17). Informed consent was obtained for all study participants. 
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Table 1. Patients demographics and clinical characteristics. 

 
Entire 

Population 
(n =68) 

Stables 
 

 (n =48) 

Progressors 
 

(n =20) 
p Value 

Male – n (%) 
Female – n (%) 

55 (81) 
13 (19) 

37 (77) 
11 (23) 

18 (90) 
2 (10) 

0.31 
0.31 

Age at diagnosis – years 66 (44–78) 68 (46–78) 61 (44–78) 0.07 
Smoking history – pack years  15 (0–80) 15 (0–80) 15 (0–55) 0.31 
• Current – n (%) 9 (13) 7 (15) 2 (10) 1.00 
• Former – n (%) 40 (59) 29 (60) 11 (55) 1.00 

• Nonsmokers – n (%) 19 (28) 12 (25) 7 (35) 0.55  
Clinical-radiological diagnosis – n 

(%) 
Histological diagnosis – n (%) 

35 (51) 
33 (49) 

27 (56) 
21 (44) 

8 (40) 
12 (60) 

0.29 
0.29 

FVC at diagnosis – L  2.76 (1.19–5.68) 2.6 (1.19–5.29) 2.97 (1.68–5.68) 0.04 
FVC at diagnosis – %pred.  

FEV1 at diagnosis – L 
FEV1 at diagnosis - % pred. 

78 (44–120) 
2.21 (1.02-4.45) 

83 (40-127) 

78 (44–120) 
2.19 (1.02-4.45) 

83 (40-127) 

78 (50–107) 
2.50 (1.40-3.70) 

86 (49-122) 

0.40 
0.06 
0.27 

DLCO at diagnosis – %pred. 
6MWT at diagnosis - mt 

57 (34–114) 
400 (125-600) 

53 (34–114) 
400 (125-600) 

65 (37–97) 
408 (250-540) 

0.02 
0.50 

FVC decline per year – mL  86 (-1381–1155) 37 (-1381–371) 413 (135–1155) < 0.0001 
FVC decline per year – %pred. 2 (-25-29) 0 (-25-4.7)  9 (5-29) < 0.0001 

Deaths – n (%) 
Alveolar score in HRCT1 - % 
Honeycombing in HRCT1 - % 

Interstitial score in HRCT1 - % 
Pooled interstitial score and 

honeycombing - % 

16 (23) 
21 (0-90) 
7 (0-70) 

26 (0-100) 
40 (8-100) 

8 (17) 
21 (0-90) 
6 (0-70) 

26 (0-100) 
38 (17-100) 

8 (40) 
22 (0-44) 
9 (0-50) 
28 (0-52) 
43 (8-70) 

0.05 
0.68 
0.32 
0.92 
0.52 

Values are expressed as numbers and (%) or median and ranges as appropriate. Negative values 

mean improvement of FVC. To compare demographic data and baseline clinical characteristics 

between stable and progressors, Chi square test and Fisher t test (n < 5) for categorical variables and 

Mann-Whitney t test for continuous variables were used. 

Radiological and functional analysis  

For each patient, an HRCT was available at treatment (either pirfenidone or 

nintedanib) initiation (HRCT1) and at the 12-month follow-up (HRCT2). The 

HRCTs were performed by a 64 slice Siemens Somatom Sensation (Siemens 

Healthcare, Erlangen, Germany) applying a slice thickness ≤ 1.5 mm. 

Two expert thoracic radiologists, who were blind to clinical and functional 

data and timing of HRCT, scored HRCT1 and HRCT2 images independently using 

a semi-quantitative scale. This represented a modification of the previously 

reported scoring systems [14,15] that allowed to evaluation “reticulation” more 

precisely. Specifically, the radiologic features considered in this study were ground 

glass opacities (GGO) (alveolar score, AS), reticulation (interstitial score, IS) and 

honeycombing (HC) (honeycombing score, HC). For each lung lobe, the two 

radiologists assessed the extent of AS, IS and HC using a scale from 0-100 and 

estimated extent to the nearest 5%. After each individual lobe was scored, the result 

was expressed as mean value of the five lobes in AS, IS and HC. Finally, the IS and 
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HC were pooled (IS+HC) to analyze the amount of fibrotic abnormalities. The level 

of interobserver agreement was obtained for each patient as a mean of 5 lobes and 

for each radiologic abnormality (i.e., IS, AS and HC) and expressed as Cohen’s k 

value. Disagreement between radiologists was resolved by consensus. The 

correlation between radiological change and FVC decline was calculated as the 

change in AS (ΔAS/month), IS (ΔIS/month), HC (ΔHC/month), pooled IS and HC 

(ΔIS+HC/month) and the change in FVC milliliters (ml) per month (ΔFVC 

ml/month) and FVC% pred. per month (ΔFVC% pred./month) between HRCT1 

and HRCT215. 

 

Statistical analysis 

Categorical variables are described as absolute (n) and relative values (%) 

whereas continuous variables are described as median and range. To compare 

demographic data and baseline clinical characteristics between stable patients and 

progressors, Chi square test and Fisher’s exact test for categorical variables and 

Mann-Whitney U test for continuous variables were used as appropriate.  

Wilcoxon signed rank test was performed to compare HRCT1 and HRCT2 

for the grading scores of different variables (AS, IS, HC and IS+HC) in the entire 

population, in stable patients and progressors. Correlation coefficients between 

radiological and functional data were calculated using the nonparametric 

Spearman’s rank method. The level of interobserver agreement between the two 

radiologists was evaluated by kappa statistic measure16.  

The overall survival was calculated from diagnosis to death or lung 

transplantation with data censured at June 1st, 2019. The cumulative survival rate 

was calculated using Kaplan-Meier method and clinical characteristics and 

radiological scores were evaluated to determine their relationship with disease 

progression in a univariate and multivariate analysis of Cox proportional hazards 

regression testing (Supplementary Materials). 

All data were analyzed using SPSS Software version 25.0 (New York, NY, 

US: IBM Corp. USA). P-values < 0.05 were considered statistically significant. 
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RESULTS 

Clinical, functional and radiological evaluation at baseline. 

Sixty-eight patients with IPF were included in the study (Table 1). Most 

patients were males (81%) and former smokers (59%) with a median age at 

diagnosis of 66 years (range 44-78). Based on the annual FVC% pred. decline 

during treatment over the study period, 48 patients were classified as stable (stable 

FVC or FVC% pred. decline/yr ≤ 5%) and 20 as progressors (FVC% pred. 

decline/year > 5%) (Table 1, Figure 1). 

 

 

 
Figure 1. Axial HRCT images of two patients: a 53 year-old male with a progression of disease 

(patient 1) (a, b) and a 63 year-old male with stable disease (patient 2) (c, d). Patient 1: HRCT at 

treatment start (a) and after one year of treatment (b) demonstrating a significant progression of 

ground glass opacities and reticulation. Patient 2: HRCT at treatment start (c) and after one year of 

treatment (d) demonstrating stability of ground glass opacities and reticulation. 

 

At treatment initiation, sex, smoking history and % of radiological diagnosis 

did not differ between stable patients and progressors, while progressors tended to 

be younger and with significantly more preserved FVC and DLCO as compared to 

stable patients. At treatment initiation there were no between-group differences in 

HRCT score (Table 1). Forty-seven patients were treated with pirfenidone and 
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twenty-one with nintedanib and none of them discontinued treatment due to adverse 

effects during the study period. 

 

Functional and Radiological evaluation 

Overall, the inter-observer agreement between the two radiologists with 

regard to change in AS, IS and HC was good (Cohen’s kappa = 0.71 for IS, k=0.76 

for AS, k=0.80 for HC). In the entire study population, AS and HC increased 

significantly between HRCT1 and HRCT2 from 22 ± 17 % to 26 ± 21 % 

(p=0.008) and from 13±16 % to 19 ± 22 % (p < 0.0001), respectively (Table 2).  

When the study population was stratified by rate of functional decline, in stable 

patients HC increased significantly between HRCT1 and HRCT2 from 12 ± 17 % 

to 17 ± 21 % (p < 0.0001) (Figure 3, Panel B), whereas AS and IS did not (Figure 

3, Panel A-C). Conversely, among progressors both AS and HC increased 

significantly from 23 ± 12 % to 29 ± 23 % (p=0.04) and from 15± 16 % to 23 

± 23 % (p = 0.0004), respectively (Figure 3, Panel A-B), whereas IS did not 

(Figure 3, Panel C).  

When IS and HC were pooled together, the IS+HC score increased 

significantly both in stable patients (from 41 ± 17 % to 47 ± 21 %, p = 0.0005) 

and progressors (from 42 ± 16 % to 52 ± 25 %,; p = 0.001), respectively (Figure 

3, Panel D). Finally, when radiologic scores were analyzed for the nintedanib and 

pirfenidone group separately, after 1 year of treatment AS increased significantly 

in the pirfenidone but not in the nintedanib group (p=0.013 and p=0.36, 

respectively). On the other hand, HC increased significantly in both nintedanib and 

pirfenidone group (0.007 and p < 0.0001, respectively), whereas IS did not. 
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Figure 2. Alveolar score, interstitial score, honeycombing and pooled interstitial score and 

honeycombing at treatment initiation (HRCT1) and after one year of treatment (HRCT2) in the 

entire study population. Values in the table below are expressed as mean and standard deviations. P 

values refer to comparisons between HRCT1 and HRCT2. 
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Figure 3. Change in alveolar score, honeycombing, interstitial score and pooled interstitial score 

and honeycombing between HRCT1 (at treatment initiation) and HRCT2 (after one year of 

treatment) in stable patients (n=48) and progressors (n=20). Values in the table below are expressed 

as mean and standard deviations. P values refer to comparisons between HRCT1 and HRCT2. 

 

Functional and radiological correlations 

In the entire study population, we observed a positive correlation between 

ΔFVC ml/month and ΔIS+HC/month (r=0.24, p=0.04) (Figure 4), while none of 

the correlations between ΔFVC ml/month and ΔAS, ΔIS and ΔHC was significant 

(r=0.10, p=0.40; r= -0.04, p= 0.60 and r= -0.07, p=0.50, respectively). When 
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ΔFVC ml/month and ΔIS+HC/month was not confirmed in either group (r=0.14, 

p=0.32; r=0.40, p=0.07, respectively).  

The previously observed correlation between ΔFVC and ΔIS+HC/month was 

confirmed when the change in FVC was expressed as ΔFVC% predicted (r=0.25, 

p=0.04), whereas the correlations between ΔFVC% pred./month and ΔAS, ΔIS and 

ΔHC were not significant (r=0.01, p=0.90; r= 0.19, p= 0.15 and r= 0.04, p=0.7, 

respectively). Similarly, there was no significant correlation between ΔFVC% 

pred./month and ΔIS+HC/month neither in patients functionally stable nor in 

progressors (r= 0.40, p= 0.07 and r=0.15, p=0.29, respectively). 

For survival analysis and univariate and multivariate analysis of Cox 

proportional hazards regression testing, see Supplementary Materials. 

 

 
Figure 4. Correlation between change over time in FVC ml (ΔFVC ml/month) and change over time 

in the pooled Interstitial Score and Honeycombing (Δ pooled Interstitial Score and Honeycombing) 

in the entire study population. Negative values mean improvement of FVC. 

 

 

DISCUSSION 

The present study aimed to assess whether and to what extent radiologic 

abnormalities evolve after 1 year of antifibrotic treatment and whether these 

changes correlate with different trajectories of disease course - as assessed by lung 

function - in patients with IPF stratified by their rate of functional decline (stable 

vs. progressors). In our study population, antifibrotic therapy slowed down the rate 

of FVC decline; indeed, IPF patients under treatment lost on average approximately 
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100mL/year of FVC, which mirrors what has been observed both in clinical 

trials17,18 and in a number of real-world studies19,21. However, despite this clear 

treatment effect on lung function after 1 year of treatment, we also observed an 

increased extension of HRCT abnormalities both in terms of alveolar opacity and 

honeycombing [Figure 2, table 2]. In addition, the observed correlation between 

the combined score of fibrosis (IS+HC) and FVC decline is in keeping with 

previous studies22,23 and supports the concept that patients with IPF experience an 

inexorable disease progression – both functional and radiological. 

IPF patients display a heterogeneous (and unpredictable) disease course, 

namely slow or rapid progression24-26. In a cohort of IPF patients stratified in slow 

and rapid progressors based on their pretreatment rate of FVC decay, we have 

recently shown that the beneficial effect of antifibrotic treatment (pirfenidone) 

differed significantly between the two phenotypes, being significantly more 

pronounced in the rapidly progressive group27. Given this clear between-group 

difference in treatment response, in this study we investigated whether and to what 

extent the assessment and quantification of HRCT patterns of disease may identify 

disease progression, including different responses to antifibrotic treatment. Similar 

to previous studies, we stratified our IPF patients under treatment in stable and 

progressors based on an FVC loss ≤ and > 5%21,28 and analyzed longitudinally the 

type and extent of HRCT changes in these two patient subgroups. At treatment start, 

HRCT scores were similar in both stable and progressors. Among progressors, both 

AS and HC increased significantly after 1 year of treatment, whereas IS did not 

[Figure 3-5, table 2]. On the other hand, in stable patients, HC increased 

significantly, while AS and IS did not [Figure 3-5, table 2]. The observation that 

HC tends to progress in both stable patients and progressors confirms previous 

findings in untreated patients and demonstrates that overall extent of lung fibrosis 

on CT (combination of reticulation and honeycombing) is a proxy of disease 

severity as well as representing a strong independent predictor of mortality in 

patients with IPF23. Notably, the extent of honeycombing at baseline and its 

progression over time are important determinants of mortality also in patients with 

fibrosing ILD other than IPF29.  

Our study shows that progressors displayed a significant increase of AS over 

time despite treatment whereas stable patients did not. This is an interesting finding, 

although the significance of alveolar opacity or ground glass attenuation remains 
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debated. The term “ground-glass attenuation” refers to the presence of a hazy and 

diffuse homogeneous increase in lung density and, when located akin dense fibrotic 

areas, may represent mild/initial fibrosis30. However, ground glass attenuation may 

also be associated with the presence of inflammatory cells in the alveolar or 

interstitial space (i.e., alveolitis)31-33, which is often more evident in cases with more 

aggressive disease. In support of this possibility is our recent observation that the 

different clinical course (rapid or slow) of untreated IPF patients undergoing lung 

transplantation is associated with distinct underlying pathology in the explanted 

lungs26. In particular, as compared to slow progressors, rapid progressors showed 

an extensive cellular immune/inflammatory infiltrate26. Moreover, we have also 

demonstrated that the alveolar score on HRCT may reflect the extent of the alveolar 

infiltrate as suggested by its correlation with the total number of lymphocytes in the 

explanted lungs15. Notably, untreated patients experiencing a rapid functional 

decline have at baseline a higher alveolar score than slow progressors15. This 

finding coupled with the observation that rapid progressors despite treatment also 

exhibit an increased extension in alveolar score suggests that the alveolar score may 

help to identify, even early in the disease course, the more aggressive IPF phenotype 

and supports the routine use of CT and its visual characterization in clinical practice 

both in treated and untreated patients with IPF. When we analyzed radiologic scores 

in nintedanib and pirfenidone group separately, we found that after 1 year of 

treatment AS increased significantly in the pirfenidone (p=0.013) but not in the 

nintedanib group (p=0.36). Whether this difference is real or is simply due to the 

smaller number of patients in the nintedanib group (n=21 vs. 46 in the pirfenidone 

group) is difficult to ascertain. Answering this question would need a larger dataset 

that currently is not available. 

Currently, longitudinal HRCT is used predominantly in clinical practice to 

identify complications of IPF, such as lung cancer or indirect sign of pulmonary 

hypertension. To the best of our knowledge, this is the first study that explores the 

role of change over time in CT scores and its correlation with functional decline in 

IPF patients on antifibrotic therapy. Our findings, we believe, are of particular 

interest as they may potentially help in early detection of disease progression by 

identifying subtle abnormalities that are not captured by lung function test. 

Only Iwasawa et al. have investigated longitudinal radiologic abnormalities 

during treatment in patients with IPF34. The authors reported the utility of 
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quantitative CT analysis for predicting the efficacy of pirfenidone. They compared 

treated and untreated IPF patients and found that the change in fibrotic lesions was 

significantly smaller among pirfenidone treated patients compared to controls and 

that the decline in vital capacity (VC) correlated significantly with the increase in 

fibrotic lesions34.  

The findings of our study should be interpreted in the light of some 

limitations, such as the relatively small number of patients. Nevertheless, our study 

population was larger than that evaluated in previous studies of IPF patients on 

antifibrotic treatment and, of note, our patients were followed-up longitudinally 

with serial lung function test and HRCT, which were scored by two expert thoracic 

radiologists with good interobserver agreement. Secondly, we did not perform 

automated quantitative imaging analysis35 as this tool is not available at our 

Institution. However, the good agreement of the readers demonstrates that the 

proposed score is robust and guarantees reliable results. Furthermore, visual 

analysis continues to play a key role in diagnosing, monitoring and assessing 

disease severity in IPF13. In this regard, Robbie and colleagues have recently 

reviewed pros and cons of automated and manual CT measurements of lung 

volume36 and concluded that lung volume (i.e., volume loss) and extent of fibrosis 

on CT correlate significantly with pulmonary function test parameters of lung 

volume irrespective of whether visual or automated techniques are used, and may 

therefore be complementary measures for disease monitoring in IPF36. Moreover, 

as elegantly pointed out by Wu X and colleagues, these software analyses have 

themselves, in any case, some limitations and disadvantages such as the 

applicability to retrospective CT dataset37. Finally, the follow-up time was 

relatively short (i.e., 12 months), and we are currently in the process of collecting 

functional and radiological data over a longer period of time. 

In conclusion, in patients with IPF on antifibrotic treatment, the extent of 

honeycombing increases over time both in patients experiencing functional decline 

and in those who remain functionally stable over 12 months, suggesting that CT is 

able to capture subtle subclinical disease progression. Longitudinal HRCT 

evaluation may therefore provide important information that integrate those 

provided by lung function and clinical evaluation. 
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SUPPLEMENTARY MATERIAL 

 

METHODS 

Statistical analysis 

The overall survival was calculated from diagnosis to death or lung 

transplantation with data censured at June 1st, 2019. The cumulative survival rate 

was calculated using Kaplan-Meier method and the difference in the survival time 

between the two groups (stable and progressors) was assessed with log-rank test. 

Clinical characteristics and radiological scores were evaluated to determine their 

relationship with disease progression in a univariate analysis of Cox proportional 

hazards regression testing. Variables with an association statistically significant or 

almost significant (0.05 < p < 0.09) with overall survival at univariate analysis were 

included in a multivariate Cox proportional hazard regression test to find the factors 

independently associated with disease progression. 

 

RESULTS 

Survival analysis and association between clinical – radiological 

parameters and survival 

Survival of stable patients was not statistically different from survival of 

progressors (HR 1.93, 95% CI 0.85 - 4.41; p= 0.11) (Figure 1). 

 
 
Figure 1. Survival analysis of stables and progressor patients. The gray line represents the 

survival in the stables and the red line represents the survival in the progressors. Kaplan Meier 

analysis was used with a log-rank test (HR 1.93, 95% CI 0.85 - 4.41; p=0.11). 
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To detect factors predictive of disease progression in the entire IPF population, 

we used Cox proportional hazards regression analysis. Univariate analysis of 

factors associated with survival revealed that FVC (liters (L)) at diagnosis, FEV1 

(L) at diagnosis, DLCO after one year of antifibrotic drug, FVC (L) and FVC % 

pred. after one year of antifibrotic drug, 6-minute walking test (6MWT) after one 

year of antifibrotic drug and IS+HC in HRCT1 had significant positive association 

with disease progression in the entire IPF population (Table 1). Of interest, 

univariate analysis of factors associated with survival showed that 6MWT at 

diagnosis, 6MWT change over one year of treatment, ∆HC, IS+HC in HRCT2 had 

an almost significant positive association with disease progression. Multivariate 

analysis performed using variables having statistical significance or almost 

significant in univariate analysis, revealed that only 6MWT at diagnosis (HR: 3.64; 

95%CI: 1.16 – 11.42; p = 0.03) and 6MWT change over one year of treatment (HR: 

0.32; 95%CI: 0.11 – 0.91; p = 0.03) are independent predictors of disease 

progression in IPF patients. 
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Table 1. Predictive factors of overall survival in the entire population of IPF 

patients treated with antifibrotics 

 Univariate analysis Multivariate analysis 

 HR (95% CI) p Value HR (95% CI)  p Value 

Disease progression (stables vs. progressors) 

Sex (male vs. female) 

0.55 (0.26 – 1.17) 

0.90 (0.36 – 2.24) 

0.12 

0.82 

- 

- 

- 

- 

Age at diagnosis (years  66 vs. < 66) 1.02 (0.48 – 2.20) 0.94 - - 

Smoking history (pack years 15 vs. <15) 1.67 (0.75 – 3.70) 0.20 - - 

Smoking status (no vs current vs. former) 1.40 (0.90 – 2.18) 0.13 - - 

FVC at diagnosis (  2.76 L vs. < 2.76)  0.34 (0.15 – 0.76) 0.009 2.63 (0.63 – 10.87) 0.18 

FVC at diagnosis ( 78% vs. < 78%)  

FEV1 at diagnosis ( 83% vs. < 83%) 

FEV1 at diagnosis ( 2.21 L vs. < 2.21 L) 

0.66 (0.31 – 1.40) 

0.7 (0.33 – 1.47) 

0.43 (0.20 – 0.95) 

0.28 

0.34 

0.037 

- 

- 

0.58 (0.13 – 2.51) 

- 

- 

0.46 

DLCO at diagnosis ( 57% vs. < 57%) 

DLCO after 1-yr of antifibrotic drug ( 48% vs. < 48%) 

DLCO change () ( 4.5% vs. < 4.5%) 

FVC after 1-yr of antifibrotic drug ( 75% vs. < 75%) 

FVC after 1-yr of antifibrotic drug ( 2.6L vs. < 2.6L) 

FVC decline after 1-yr of antifibrotic drug ( 86ml vs. < 86ml) 

6MWT at diagnosis ( 400 mt vs. < 400 mt) 

6MWT after 1-yr of antifibrotic drug ( 400 mt vs. < 400 mt) 

6MWT change () ( 20 mt vs. < 20 mt) 

0.84 (0.40 – 1.76) 

0.40 (0.18 – 0.90) 

1.36 (0.64 – 2.90) 

2.28 (1.03 – 5.06) 

2.66 (1.17 – 6.07) 

1.03 (0.45 – 2.37) 

0.51 (0.23 – 1.11) 

0.40 (0.18 – 0.88) 

2.24 (0.97 – 5.17) 

0.64 

0.03 

0.42 

0.04 

0.02 

0.93 

0.09 

0.02 

0.05 

- 

1.01 (0.31 – 3.27) 

- 

0.85 (0.25 – 2.86) 

1.83 (0.52 – 6.39) 

- 

3.64 (1.16 – 11.42) 

0.81 (0.26 – 2.55) 

0.32 (0.11 – 0.91) 

- 

0.98 

- 

0.80 

0.34 

- 

0.03 

0.72 

0.03 

Alveolar score in HRCT1 ( 21% vs < 21%) 

Alveolar score in HRCT2 ( 22% vs < 22%) 

Alveolar score change () (> 0% vs  0%) 

Honeycombing in HRCT1 ( 7% vs < 7%) 

Honeycombing in HRCT2 ( 7% vs < 7%) 

Honeycombing change () (> 0% vs  0%) 

Interstitial score in HRCT1 ( 26% vs < 26%) 

Interstitial score in HRCT2 ( 27% vs < 27%) 

Interstitial score change () (> 0% vs  0%) 

Interstitial s. and honeycombing in HRCT1 ( 26% vs < 26%) 

Interstitial s. and honeycombing in HRCT2 ( 26% vs < 26%) 

Interstitial s. and honeycombing change () (> 0% vs  0%) 

 

1.54 (0.72 – 3.29) 

1.17 (0.55 – 2.48) 

1.28 (0.60 – 2.71) 

0.96 (0.45 – 2.03) 

1.13 (0.53 – 2.39) 

2.10 (0.99 – 4.46) 

1.73 (0.79 – 3.74) 

1.29 (0.60 – 2.76) 

0.61 (0.24 – 1.52) 

0.27 (0.10 – 0.67) 

0.47 (0.21 – 1.04) 

0.80 (0.37 – 1.69) 

 

0.26 

0.68 

0.51 

0.91 

0.75 

0.05 

0.16 

0.51 

0.29 

0.005 

0.06 

0.56 

 

- 

- 

- 

- 

- 

0.52 (0.22 – 1.23) 

- 

- 

- 

0.32 (0.08- 1.16) 

1.39 (0.46 – 4.22) 

- 

 

- 

- 

- 

- 

- 

0.14 

- 

- 

- 

0.08 

0.55 

- 

 

     

Values are expressed as HR (95%CI). Univariate and multivariate Cox proportional hazard 

regression tests were used to determine the relationship of clinical, functional and radiological 

characteristics with disease progression. 
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ABSTRACT 

Background. A common variant located in the promoter region of MUC5B 

(rs35705950) is the strongest risk factor for sporadic and familiar IPF, as well as a 

predictor of outcome. However, there are no data on the effect of MUC5B 

rs35705950 genotype on the prognosis of IPF patients on antifibrotic treatment. The 

aim of this study is to determine, in a phenotypically well-characterized  

population of patients with IPF treated with antifibrotics, the impact of MUC5B 

rs35705950 genotype on disease progression and survival. 

Methods. 88 IPF patients on antifibrotic treatment were followed-up from 2014 

until transplantation, death or end of follow-up (December 2019). Disease 

progression was defined as a forced vital capacity (FVC) loss ≥5% per year. All 

patients were genotyped for MUC5B rs35705950 by PCR amplification and Sanger 

sequencing. 

Results. Out of 88 patients, 61 (69%) carried the mutant T allele (TT or TG) and 

27 (31%) did not (GG). Carriage of the MUC5B rs35705950 T allele was not 

associated with a faster decline in FVC. Conversely, at the end of the follow-up, 

overall survival in carriers of the TT/TG genotype was longer compared to that of 

the GG genotype carriers. FVC (L) at baseline and time to respiratory failure at rest 

were independent predictors of worse prognosis. 

Conclusions. In IPF patients on antifibrotic treatment, carriage of the MUC5B 

rs35705950 T allele is associated with longer survival, highlighting the usefulness 

of MUC5B genetic data in clinical decision making. 
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BACKGROUND 

Idiopathic pulmonary fibrosis (IPF) is a chronic progressive fibrosing 

interstitial lung disease of unknown origin, characterized by relentless respiratory 

failure leading to death within 3-5 years from diagnosis1. IPF is believed to occur 

in genetically susceptible individuals because of an aberrant wound-healing 

response following repetitive alveolar microinjury, resulting in scarring of the lung 

parenchyma and irreversible loss of function. IPF is likely to result from a complex 

interaction between environmental and genetic factors; for instance, as many as 

20% of affected individuals report to have a family member with pulmonary 

fibrosis2. 

In 2011, Seibold and colleagues, using a genome-wide linkage analysis, 

demonstrated that the minor allele (T) of a single nucleotide polymorphism (SNP) 

located 3kb upstream of the MUC5B gene transcription start site on 11p15 

(rs35705950) was present in 38% of subjects with sporadic IPF and in 34% of 

subjects with familial interstitial pneumonia3. Notably, the risk of disease 

development increased in a dose-dependent manner, from an odds ratio of 9 for 

heterozygous carriers of the T allele (i.e., GT) up to 21.8 for the homozygous 

carriers3.  The association of MUC5B rs35705950 with IPF has been replicated in 

several independent cohorts4-8 and represents the strongest genetic risk factor for 

sporadic and familial IPF described thus far. 

MUC5B encodes a mucin 5B precursor protein that contributes to airway 

mucus production and homeostasis9. Although the precise mechanisms through 

which MUC5B dysregulation contributes to IPF development are currently 

unknown, MUC5B overexpression may cause mucociliary dysfunction, retention 

of particles and disruption of the normal reparative mechanisms in the distal lung, 

leading to chronic fibroproliferation and regenerative process that results in 

honeycomb cyst formation10-14. 

MUC5B rs35705950 T allele not only predisposes to IPF but has also been 

associated with improved survival, although this latter association remains debated 

and somehow controversial.  

With this background, the aim of our study was to evaluate the influence of 

MUC5B rs35705950 genotype on disease behavior and survival of IPF patients on 

antifibrotic treatment. To the best of our knowledge, this has never been 

investigated before. 
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METHODS 

Study population and study design 

In this longitudinal retrospective study, we analyzed a consecutively 

collected cohort of well-characterized Caucasian adult patients with sporadic IPF 

referred to our center between April 2014 and September 2018. Patients were 

followed-up until transplantation, death or end of follow-up (December 2019), and 

those who permanently discontinued treatment were excluded from the study. 

Eighty-eight patients were included in the study (Table 1). The diagnosis of IPF 

was re-evaluated according to the ATS/ERS/JRS/ALAT guidelines1. Occupational 

or environmental exposure and connective tissue disease were excluded, and only 

sporadic IPF were considered for the analysis. 

Patients were followed clinically and functionally for at least one year after 

initiation of antifibrotic. Patients were treated with pirfenidone or nintedanib 

according to eligibility criteria and the risk of associated adverse events. 

Based on their annual rate of decline in absolute FVC% pred. during the first year 

of treatment, patients were defined as progressors (≥5%pred.) or stable (<5%pred.), 

as previously reported15,16. Improvement of FVC was expressed as negative value. 

The progression-free survival (PFS) was calculated from the time of 

treatment initiation until functional progression, which was defined as absolute 

FVC% pred. loss ≥5% compared to the basal FVC% pred.  

Based on the level of oxygen in the blood (PaO2), we defined respiratory failure 

when this value was <60 mmHg (8.0 kPa). 

The time to development of respiratory failure (RF) on exercise and at rest 

was defined as the time from treatment initiation and development of RF. 

The occurrence of acute exacerbation of IPF, defined as an acute worsening 

of dyspnea with bilateral ground glass opacities superimposed on the UIP pattern 

not fully explained by fluid overload17, has been collected. 

Blood sample was taken for each patient included in the study for DNA 

extraction and MUC5B rs35705950 genotyping. Based on their MUC5B genotype, 

patients were then divided in two groups (TT/TG or GG genotype). 

The study was performed in accordance with the Declaration of Helsinki 

and was approved by the Ethics Committee of the University Hospital of Padova 

(4280/AO/17). Informed consent was obtained for all study participants. 
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Sample processing were described in the Additional file 1. 

 

 

Table 1. Clinical and functional characteristics of the entire IPF population, 

IPF patients with TT/TG genotype and with GG genotype. 

 

 

 Entire 
Population 

(n =88) 

TT/TG  
genotype 
(n =61) 

GG  
genotype 
(n =27) 

p Value 

Male – n (%) 71 (81) 49 (80) 22 (81) 0.99 

Age at diagnosis – years 70 (44 – 84) 69 (44 – 84) 71(50 – 82) 0.30 

Body mass index – kg/m2 26 (19 – 37) 26 (19 – 33) 27 (22 – 37) 0.49 

Smoking history – pack years  10 (0 – 240) 10 (0 – 50) 30 (0 – 240) 0.0001 

• Current – n (%) 7 (8) 5 (8) 2 (7)  

• Former – n (%) 59 (67) 38 (62) 21 (78) 0.31 

• Nonsmokers – n (%) 22 (25) 18 (30) 4 (15)  

Radiological diagnosis – n (%) 49 (56) 29 (48) 20 (74) 0.03 

UIP  49 29 20  

Probable UIP 31 24 7 0.03 

Indeterminate UIP 8 8 0  

FVC at baseline – L  2.60  

(1.20 – 4.61) 

2.68  

(1.56 – 4.36) 

 2.32  

(1.20 – 4.61) 

0.02 

FVC at baseline – %pred.  77 (47 – 126) 78 (52 – 126)  68 (47 – 118) 0.05 

TLC at baseline – %pred. 73 (40 – 96) 73 (45 – 96) 73 (40 – 93) 0.37 

DLCO at baseline – %pred. 56 (7 – 93) 56 (7 – 89) 56 (28 – 93) 0.67 

Gastroesophageal reflux – n (%) 32 (36) 23 (38) 9 (33) 0.69 

Cardiovascular diseases – n (%) 63 (72) 44 (72) 19 (70) 0.86 

Metabolic syndrome – n (%) 37 (42) 25 (41) 12 (44) 0.76 

Pirfenidone treatment – n (%) 51 (58) 37 (61) 14 (52) 0.48 

Nintedanib treatment – n (%) 37 (42) 24 (39) 13 (48) 0.48 

FVC decline in the 1st year– mL  50  

(-573 – 657) 

84  

(-573 – 657) 

34  

(-559 – 461) 

0.54 

FVC decline in the 1st year – %pred. 1 (-29 – 21) 1 (-29 – 21)  0 (-12 – 16) 0.80 

Stable  in the 1st year – n (%) 63 (72) 45 (74) 18 (67) 0.60 

Progressors in the 1st year – n (%) 25 (28) 16 (26) 9 (33)  

RF on exercise – (months) 19 (0 – 89) 21 (0 – 89) 16 (0 – 44) 0.13 

RF at rest – (months)  27 (0 – 110) 31 (5 – 110) 24 (0 – 59) 0.04 

Nausea or vomiting – n (%) 15 (17) 13 (21) 2 (7) 0.10 

Diarrhea – n (%) 16 (18) 12 (20) 4 (15) 0.58 

Weight loss – n (%) 25 (28) 19 (31) 6 (22) 0.39 

Increase in AST, ALT – n (%) 2 (2) 2 (3) 0 (0) 0.34 

Acute exacerbations 5 (6) 3 (5) 2 (7) 0.56 

Lung transplant – n (%) 5 (6) 4 (6) 1 (4) 0.17 

Death – n (%) 27 (31) 15 (25) 12 (44) 0.06 
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FVC=forced vital capacity, TLC=total lung capacity, DLCO=lung diffusion carbon oxide, 

RF=respiratory failure, AST=aspartate aminotransferase, ALT=alanine aminostransferase. Values 

are expressed as numbers and (%) or median and ranges as appropriate. Negative values mean 

improvement of FVC. To compare demographic data and baseline clinical characteristics between 

TT/GT genotype and GG genotype, Chi square test and Fisher t test (n<5) for categorical variables 

and Mann-Whitney U test for continuous variables were used. 

 

Statistical analysis 

Categorical variables are described as absolute (n) and relative values (%) 

whereas continuous variables are described as median and interquartile range. To 

compare demographic data and baseline clinical characteristics between TT/TG and 

GG genotypes, Chi square test and Fisher’s exact test for categorical variables and 

Mann-Whitney U test for continuous variables were used, as appropriate. Due to 

the low number of events, in survival analysis, death and death/lung transplantation 

were combined. Survival was estimated using the Kaplan-Meier method and the p-

value of the log-rank test was reported. Analysis on progression was conducted 

using the Cumulative Incidence Functions (CIF) to account for competing risks.  

Clinical characteristics were evaluated to determine their relationship with 

survival in a univariate analysis of Cox proportional hazards regression testing. The 

time dependency was evaluated via visual examination of Schoenfeld residuals 

plot. Variables with a statistically significant association with overall survival on 

univariate analysis were included in a multivariate Cox proportional hazard 

regression test to find factors independently associated with disease progression. 

All data were analyzed using SPSS Software version 25.0 (New York, NY, US: 

IBM Corp. USA) and R software. P-values <0.05 were considered statistically 

significant. 

 

RESULTS 

Clinical and functional characteristics  

Clinical and functional characteristics at baseline for the entire study 

population are shown in Table 1. Most patients were males and former smokers 

with a median age at diagnosis of 70 years. Almost half of the patients (56%) had 

a radiological diagnosis, while the remaining required histological confirmation. 

Mean FVC was 77%, reflecting a mild functional defect, and cardiovascular disease 

represented the most frequent comorbidity (72%). During their first year of 
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treatment, 63 patients (72%) remained functionally stable while 25 (28%) 

progressed. Over the entire study period (2014-2019) 27 patients (31%) died 5 (6%) 

were transplanted and 5 (6%) experienced an acute exacerbation.  

The allele frequency of the MUC5B rs35705950 T was 42% (74/176), while the 

frequency of the wild type G allele was 58% (102/176). The MUC5B rs35705950 

genotype frequencies met the Hardy-Weinberg equilibrium (Additional file 2: 

Table S1). 

Based on the absence or presence of the minor allele (T) either in 

homozygosity or in heterozygosity, the population was categorized in two groups: 

patients with TT/TG genotype (n=61, 69%) and with GG genotype (n=27, 31%) 

(Table 1). The two groups did not differ regarding age, sex, body mass index, 

comorbidities and antifibrotic treatment. Patients carrying the GG genotype had 

consistently higher smoking history (30 vs. 10 PY; p<0.001), lower FVC at 

treatment start (2.32 vs. 2.86L, p=0.02; 68 vs. 78%, p=0.05) and more radiological 

diagnosis (74 vs. 48%, p=0.03) compared to TT/TG genotype. However, FVC 

decline (at the first year) and the percentage of patients with stable disease were 

similar between the two groups. Respiratory failure (RF) at rest occurred later in 

patients with the TT/TG genotype (31 vs. 24 months, p=0.04) (Table 1).  

 

Progression-free survival and survival analysis 

The progression-free survival was similar between patients with the TT/TG and GG 

genotypes, with a median of 19 months and 20 months, respectively (p=0.21) 

(Figure 1). On univariate analysis earlier occurrence of RF at rest and on exercise 

and higher levels of neutrophils were associated with disease progression. 

However, on multivariate analysis, only earlier occurrence of RF at rest (HR 2.36, 

95%CI 1.12–4.97; p=0.02) was independently associated with disease progression 

in the entire population (Additional file 3: Table S2). Conversely, survival analysis 

revealed that patients carrying the GG genotype had a significantly worse survival 

than patients carrying the TT/TG genotypes (42 vs. 74 months, respectively; HR 

2.59, 95%CI 1.24–5.40, p=0.0082) (Figure 2). 

On multivariate analysis, earlier occurrence of RF at rest (HR 36.7, 95%CI 

2.83–47.78; p=0.006) and lower FVC (L) at treatment initiation (HR 77.2, 95%CI 

2.99–199.0; p=0.009) were significantly associated with mortality (Table 2). 
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Figure 1: Progression-free survival of TT/TG and GG genotype patients. The red line represents 

the progression-free survival in the TT/TG group and the green line represents the progression-free 

survival in the GG group. Kaplan Meier analysis was used with a log-rank test (HR 1.41, 95% CI 

0.81-2.44; p=0.21). 
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Figure 2: Survival analysis of TT/TG and GG genotype patients. The red line represents 

the survival in the TT/TG group and the green line represents the survival in the GG group. Kaplan 

Meier analysis was used with a log-rank test (HR 2.59, 95% CI 1.24-5.40; p=0.0082). 
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Figure 3: Combined survival and transplantation analysis of TT/TG and GG genotype 

patients. The red line represents the analysis in the TT/TG group and the green line represents the 

analysis in the GG group. Kaplan Meier analysis was used with a log-rank test (HR 2.73, 95% CI 

1.34-5.54; p=0.0038). 

 

When death is considered together with transplantation, we confirmed that 

patients carrying the GG genotype had a significantly worse survival than patients 

carrying the TT/TG genotypes (41 vs. 71 months, respectively; HR 2.73, 95%CI 

1.34–5.54, p=0.0038) (Figure 3). 

In further analysis, stratifying patients with the TT/TG and GG genotypes 

by the median time to RF at rest (26 months) and FVC at treatment start (2.6L), a 

significantly higher percentage of GG genotype carriers had a FVC lower than the 

median value (67 vs. 41%, p=0.02), whereas no differences were observed with 

regard to development of RF at rest (Additional file 4: Table S3). 

 

Table 2. Predictive factors of overall mortality in the entire population of IPF 

patients treated with antifibrotics 
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 Univariate 
analysis 

Multivariate  
analysis 

 HR (95% CI) p  HR (95% CI)  p  
Sex  
 

female 
male 

-   - -     - 
         1.33 (0.51 – 

3.49) 
   0.55 -     - 

Age at diagnosis 
(years) 

< 70 - - - - 

 ≥ 70 1.26 (0.61 – 2.58) 0.52 - - 
BMI (kg/m2)  
 

< 26 
≥ 26 

- 
0.85 (0.41 – 1.73) 

- 
0.66 

- 
- 

- 
- 

Smoking history 
(packyears) 
 

< 10 
≥ 10 

- 
1.72 (0.83 – 3.59) 

- 
0.14 

- 
- 

- 
- 

Smoking status 
 
 

no 
current 
former 

- 
1.91 (0.36 – 10.01) 
1.93 (0.76 – 4.88) 

- 
0.44 
0.16 

- 
- 
- 

- 
- 
- 

Gastroesophageal 
reflux  
 

no 
yes 

- 
0.26 (0.11 – 0.64) 

- 
0.003 

- 
0.11 (0.09 – 

1.6) 

- 
0.10 

Cardiovascular 
diseases  
 

no 
yes 

- 
1.57 (0.69 – 3.56) 

- 
0.27 

- 
- 

- 
- 

Metabolic 
syndrome  
 

no 
yes 

- 
0.90 (0.42 – 1.92) 

- 
0.79 

- 
- 

- 
- 

Treatment type  
 

nintedanib 
pirfenidon

e 

- 
2.27 (0.78 – 6.60) 

 
0.13 

- 
- 

- 
- 

MUC5B 
rs35705950  
 

TT/TG 
GG 

- 
2.39 (1.12 – 5.06) 

- 
0.02 

- 
1.75 (0.09 – 

31.8) 

- 
0.70 

Respiratory 
failure at rest 
(months) 
 

≥ 26 
< 26 

- 
9.44 (4.10 – 21.77) 

- 
< 

0.0001 

- 
36.7 (2.83 – 

47.7) 

- 
0.006 

Respiratory 
failure on effort 
(months) 
 

≥ 19 
< 19 

- 
4.54 (2.06 – 10.00) 

- 
< 

0.0001 

- 
4.96 (0.45 – 

53.8) 

- 
0.18 

Nausea and 
vomiting during 
treatment  
 

no 
yes 

- 
0.64 (0.24 – 1.68) 

- 
0.37 

- 
- 

- 
- 

Weight loss 
during treatment 
(Kg) 
 

no 
yes 

- 
0.96 (0.39 – 2.34) 

- 
0.93 

- 
- 

- 
- 

Diarrhea during 
treatment  
 

no 
yes 

- 
0.17 (0.04 – 0.74) 

- 
0.02 

- 
0.45 (0.04 – 

4.73) 

- 
0.50 

Increase in AST 
and ALT 
  

no 
yes 

- 
6.42 (0.78 – 52.41) 

- 
0.08 

- 
- 

- 
- 

FVC at treatment 
initiation (L)  
 

≥ 2.60 
< 2.60 

- 
3.03 (1.42 – 6.48) 

- 
0.004 

- 
77.2 (2.99 – 

199.0) 

- 
0.009 

FVC at treatment 
initiation (%)  
 

≥ 77 
< 77 

- 
1.80 (0.87 – 3.71) 

- 
0.11 

- 
- 

- 
- 
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TLC at treatment 
initiation (%) 
 

 ≥ 73 
< 73 

- 
1.89 (0.90 – 3.74) 

- 
0.09 

- 
- 

- 
- 

DLCO at 
treatment 
initiation (%) 

 

≥ 56 
< 56 

- 
1.30 (0.64 – 2.65) 

- 
0.45 

- 
- 

- 
- 

FVC after 1-yr of 
antifibrotic drug 
(L) 
 

≥ 2.56 
< 2.56 

- 
2.25 (1.08 – 4.94) 

- 
0.04 

- 
0.16 (0.01 – 

2.21) 

- 
0.17 

FVC decline in 1-
yr of antifibrotic 
drug (ml) 
 

< 50 
≥ 50) 

- 
1.13 (0.52 – 2.47) 

- 
0.74 

- 
- 

- 
- 

FVC after 1-yr of 
antifibrotic drug 
(%) 
 

≥ 78 
< 78) 

- 
2.61 (1.10 – 6.19) 

- 
0.03 

- 
0.68 (0.10 – 

4.23) 

- 
0.68 

FVC decline in 1-
yr of antifibrotic 
drug (%) 
 

< 1.02 
≥ 1.02 

- 
1.44 (0.67 – 3.12) 

- 
0.34 

- 
- 

- 
- 

Disease 
progression  
 

stables 
progressor

s 

- 
2.12 (0.90 – 4.98) 

- 
0.08 

- 
- 

- 
- 

TLC after 1-yr of 
antifibrotic drug 
(%) 
 

≥ 69 
< 69 

- 
2.30 (1.04 – 5.08) 

- 
0.04 

- 
7.07 (0.95 – 

52.66) 

- 
0.56 

TLC decline in 1-
yr of antifibrotic 
drug (%) 
 

< 3.02 
≥ 3.02 

- 
1.96 (0.85 – 4.49) 

- 
0.11 

- 
- 

- 
- 

DLCO after 1-yr 
of antifibrotic 
drug (%) 
 

≥ 54 
< 54 

- 
1.47 (0.67 – 3.21) 

- 
0.33 

- 
- 

- 
- 

DLCO decline in 
1-yr of 
antifibrotic drug 
(%) 

< 0 
≥ 0 

- 
1.52 (0.69 – 3.35) 

- 
0.30 

- 
- 

- 
- 

FVC=forced vital capacity, TLC=total lung capacity, DLCO=lung diffusion carbon oxide, 

RF=respiratory failure, AST = aspartate aminotransferase; ALT = alanine aminostransferase. Values 

are expressed as HR (95%CI). Univariate and multivariate Cox proportional hazard regression tests 

were used to determine the relationship of clinical, functional and radiological characteristics with 

progression. 
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DISCUSSION 

This study shows for the first time that in IPF patients on antifibrotic 

treatment, survival may be affected by carriage of MUC5B rs35705950 T allele, 

whether in homozygous or heterozygous form. 

MUC5B encodes a major gel-forming mucin that is secreted by proximal 

submucosal glands and distal airway secretory cells, and plays a key role in 

mucociliary clearance and host defense10-14. A common variant in the promoter 

region of MUC5B gene has been identified as the strongest genetic risk factor for 

sporadic and familiar pulmonary fibrosis, although its role in disease development 

remains speculative. Moreover, mutant T allele has also been associated with 

pulmonary fibrosis in asbestosis18, chronic HP19 and rheumatoid arthritis-ILD20. 

Whether carriage of the mutant rs35705950 T allele has prognostic 

implications in patients with IPF is also debated, and conflicting results have been 

reported. However, these studies were performed before antifibrotics became the 

standard of care for patients with IPF and the effect of MUC5B rs35705950T on 

treatment response could not be assessed. 

The finding of our study is in line with previous work by Peljto et al.6, who 

described the protective effect of the MUC5B rs35705950 T allele in two IPF 

independent cohorts, one enrolled in the INSPIRE trial and the other recruited at 

the University of Chicago between 2007 and 2010. Moreover, rs35705950 T was 

also reported to be independently associated with lower bacterial burden in the 

bronchoalveolar lavage (p=0.01), lower lung function decline and mortality21. 

Conversely, Jiang and colleagues showed that T allele was associated to 

increased mortality in a Chinese population22; specifically, T allele carriers had a 

more severe disease, as assessed by lower FVC and DLCO. One bias that makes it 

difficult to compare these studies was the T allele frequency of 20%, consistently 

lower to that reported in previous studies3,6,7 (almost 40%) and replicated in our 

cohort. Indeed, as with many other genes, the frequency of MUC5B polymorphisms 

depends on the individual’s ethnic background, with a lower prevalence reported 

among Asians compared to white non-Hispanics23. 

Nonetheless, the prognostic role of MUC5B polymorphism is under debate, 

and conflicting results have been recently published as abstracts by two study 

groups, where no effect of MUC5B variant on survival in IPF patients has been 
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shown24,25. In both cases, it was not clarified whether IPF patients were on 

antifibrotic treatment or not. 

The reason why the T allele may increase the risk of developing IPF in the 

general population, but confers a survival advantage within the IPF population, can 

only be speculated upon.  

The genetic peculiarity of the MUC5B rs35705950 polymorphism resides 

in being a common variant with a high effect. Indeed, variants that are common in 

the general population (i.e., polymorphisms) rarely determine significant clinical or 

biological effects, except for conferring increased disease susceptibility. 

Conversely, rare variants (i.e., mutations) tend to be highly penetrant with 

substantial phenotypic effect. The wild type (G) and mutant (T) allele may interact 

with distinct environmental factor to determine opposite effect on disease 

susceptibility and prognosis, but this needs to be explored further. Intuitively, 

carriers of the T allele may have a better survival than noncarriers as a result of a 

slower disease progression, but this does not seem to be the case. Indeed, evidence 

of an association of less severe pathological changes and MUC5B polymorphism 

is reported, but it is not clear how these changes were defined26. Moreover, in a 

study by Stock7, it was described only a trend towards a longer time to decline in 

FVC (HR 0.59, p=0.052) in those carrying the T allele when multivariate stepwise 

regression was used. 

IPF population in our cohort had a relatively stable disease under 

antifibrotics, with FVC decline of approximately 50mL/year, similar in TT/TG and 

GG carriers. Moreover, the survival rate was very high, up to 70% at 5 years with 

only 5 cases of acute exacerbations leading the patient to death, confirming the 

efficacy of antifibrotic treatment in reducing mortality and also acute exacerbations. 

This rate is higher to that reported in literature; indeed, a recent study described 

survival rate of the INSIGHT-IPF registry27 of nearly 60% at 2 years in the treated 

group, but the disease was more severe compared to our cohort. 

Similarly to FVC decline, no between-group difference was observed in 

progression-free survival, that was nearly two years, supporting the beneficial effect 

of antifibrotic treatment in IPF, irrespective of MUC5B genotype28-30. 

However, at treatment initiation the two groups differed in terms of FVC, 

which was an independent predictor of mortality. Functional differences between 

TT and GG genotypes were described also by Peljto and coworkers6, but authors 
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did not clarify whether the difference was significant; however, in multivariate 

analysis, MUC5B genotype was associated with survival independently from FVC. 

Given the prognostic role of FVC in IPF, it is not surprising that patients with a 

lower FVC at baseline had a worse survival, and that patients with more preserved 

lung function at diagnosis live longer31,32. What remains difficult to explain, and 

somehow counterintuitive, is why patients with more preserved lung function are 

diagnosed earlier. Answering to this question requires larger prospective studies.  

MUC5B has an important role in airway immunity, similar to other mucins, 

by capturing and removing infectious agents through mucociliary clearance33. 

MUC5B rs35705950 T allele is associated with overproduction and accumulation 

of mucin in distal airspaces and this could lead to an impaired mucociliary activity, 

that may trigger cough3. Interestingly, the mutant MUC5B allele has also been 

associated with cough severity34. Therefore, patients with early cough may seek 

medical attention when their lung function is still preserved, which may confer a 

survival benefit. 

Another potential consequence of mucociliary dysfunction is the retention 

of inhaled substances (air pollutants, cigarette smoke, microorganisms, etc.) and 

endogenous inflammatory debris that over time may result in temporally and 

spatially distinct areas of microscopic scaring and progressive fibroproliferation in 

the lung. In this regard, Seibold3 reported an association between MUC5B gene 

polymorphism and honeycomb cysts, one of the pathologic hallmarks of IPF. In 

subjects with IPF, regions of dense accumulation of MUC5B were observed in 

areas of microscopic honeycombing and involved patchy staining of the metaplastic 

epithelia lining the honeycomb cysts35. 

These pathological changes are reflected in the radiological abnormalities, 

characteristic of IPF. Indeed, MUC5B polymorphism is associated with a more 

typical subpleural distribution of fibrosis and with a greater proportion of confident 

radiological diagnosis (probable UIP and UIP)36. In our cohort, the presence of T 

allele MUC5B polymorphism was associated with a lower percentage of 

radiological diagnosis, which implies that carriers of the T allele did not have a CT 

pattern of UIP and required a histological diagnostic confirmation. In the study by 

Chung and coworkers36, no information about functional parameters were given, 

age was lower compared to our cohort, suggesting a possible more advanced 

disease. 
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Our study has some limitation. Firstly, the study population is relatively small and 

there is no independent validation cohort. Secondly, the retrospective nature of the 

study might have introduced unintentional biases. However, the study population 

was carefully characterized and enrolled consecutively, which may have mitigated 

the selection bias. Finally, although we selected only sporadic cases, three patients 

were younger than 50 years, which makes one wonder about familiar disease. To 

the best of our knowledge they are all sporadic cases, although telomere gene 

mutations screening and monitoring extended to their family members would be 

needed to detect family aggregation.               

 

CONCLUSIONS 

In conclusion, we have shown for the first time that MUC5B rs35705950 genotype 

does not seem to affect response to antifibrotic treatment in patients with IPF. In 

addition, carriage of the mutant T allele is associated with longer survival in IPF 

patients on antifibrotic treatment. Larger studies and genotyping of additional genes 

involved in disease pathogenesis are needed to assess the role of genotype 

stratification in clinical trial design and in clinical decision making. 
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ADDITIONAL FILE 1 

 

Sample processing 

All patients were genotyped for SNP rs35705950 in the promoter region of MUC5B 

gene by PCR amplification and Sanger sequencing. Briefly, volumes of 5 mL of 

blood were collected from each patient in EDTA tubes. For plasma separation 

samples were centrifuged at 1,800 g for 15 min within 8 h from collection. Samples 

of plasma and blood cell pellet were transferred to 2 mL sterile tubes, which were 

stored at-80°C until subsequent analyses. DNA was isolated from 300 uL of all cell 

pellet using the QIAamp® DNA FFPE tissue kit (Quiagen, Netherlands) in 

accordance with the manufacturer’s operational manual. DNA extracted from the 

cell pellet was used as the template for the polymerase chain reaction (PCR). PCR 

was performed with this primer sequence 5’-3’: forward 

GGTTCTGTGTGGTCTAGG, reverse: TGTTTGCTCAGCGTGTTTG. The PCR 

reaction phase was performed as follows:  

- initial denaturation at 94°C for 5 minutes; 

- three step-cycle repeated for 40 cycles: denaturation at 94°C for 15 seconds,at  

annealing at 56°C for 20 seconds and elongation 72°C for 20 s; 

- final step maintainging the samples at 72°C for 5 min.  

The amplified DNA was evaluated by agarose gel electrophoresis and its size was 

estimated with GeneRuler 1 kb DNA Ladder (#SM0311 -ThermoFisher scientifics, 

Italy). The amplified DNA was purified with PureLink® PCR Purification Kit 

(#K310001 - ThermoFisher scientifics, Italy) and the concentration evaluated with 

NanoDrop 1000 Spectrophotometer V3.8 (ThermoFisher scientifics, Italy). The 

purified DNA was desiccated with the forward primer and sequenced using 

Sanger’s technique with BigDyeTM Terminator v3.1 (ThermoFisher scientifics, 

Italy) on the instrument AB3730XL (ThermoFisher scientifics, Italy).  

The minor allele was defined as T, and three possible combination of patient 

genotype could be obtained: wild type (GG), heterozygosis (TG) or variant 

homozygosis (TT).  

Given that no genotyping method is 100% accurate and that genotype mistakes can 

lead to increased random error and bias in gene-disease associations, test of Hardy-
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Weinberg equilibrium (HWE) is widely used for a prompt check of genotype 

information and to detect genotyping error. This latter method is based on the 

assumption that in a large, randomly mating population, in the absence of disturbing 

forces, genotype frequencies should correspond to the HWE proportions. Deviation 

from these proportions can be caused by many factors, one of which is genotyping 

error. To validate the genotype distribution of our population, we tested our 

genotype frequencies for HWE. 

 

 

 

 

 

ADDITIONAL FILE 2 
 

 
Table S1. MUC5B rs35705950 genotype frequency. 

 
T allele: 74/176 (42%) 

 
G allele: 102/176 (58%) 

 Observed Expected p Value 
TT genotype – n (%) 
TG genotype – n (%) 

13 (14) 
48 (55) 

16 (17) 
43 (49) 

 
0.69 

GG genotype – n (%) 27 (31) 30 (34)  
Chi square test for categorical variables was used. 
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ADDITIONAL FILE 3 
 
Table S2. Predictive factors of progression in the entire population of IPF 

patients treated with antifibrotics 
 Univariate analysis Multivariate analysis 

 HR (95% CI) p 

Value HR (95% CI)  p Value 

Sex  
 

female 
male 

-   - -     - 
1.39 (0.77 – 2.67)    0.32 -     - 

Age at diagnosis (years) < 70 - - - - 
  70 0.97 (0.58 – 1.61) 0.91 - - 
BMI (kg/m2)  
 

< 26 
 26) 

- 
0.96 (0.58 – 1.59) 

- 
0.90 

- 
- 

- 
- 

Smoking history (packyears) 
 

< 10 
 10 

- 
0.94 (0.56 – 1.56) 

- 
0.81 

- 
- 

- 
- 

Smoking status 
 
 

no 
current 
former 

- 
0.67 (0.22 – 2.04) 
1.14 (0.63 – 2.07) 

- 
0.49 
0.64 

- 
- 
- 

- 
- 
- 

Gastroesophageal reflux  
 

no 
yes 

- 
0.85 (0.50 – 1.43) 

- 
0.54 

- 
- 

- 
- 

Cardiovascular diseases  
 

no 
yes 

- 
0.99 (0.57 – 1.72) 

- 
0.99 

- 
- 

- 
- 

Metabolic syndrome  
 

no 
yes 

- 
1.04 (0.62 – 1.75) 

- 
0.86 

- 
- 

- 
- 

MUC5B rs35705950  
 

TT/TG 
GG 

- 
0.96 (0.56 – 1.64) 

- 
0.88 

- 
- 

- 
- 

Respiratory failure at rest (months) 
 

 26 
< 26 

- 
1.92 (1.12 – 3.29) 

- 
0.02 

- 
2.36  

(1.12 – 4.97) 

- 
0.02 

Respiratory failure on effort (months) 
 

 19 
< 19 

- 
1.67 (1.00 – 2.78) 

- 
0.04 

- 
1.15 

 (0.59 – 2.23) 

- 
0.66 

Nausea and vomiting during treatment  
 

no 
yes 

- 
0.48 (0.22 – 1.02) 

- 
0.05 

- 
- 

- 
- 

Weight loss during treatment (Kg) 
 

no 
yes 

- 
0.78 (0.43 – 1.40) 

- 
0.41 

- 
- 

- 
- 

Diarrhea during treatment  
 

no 
yes 

- 
0.92 (0.51 – 1.65) 

- 
0.78 

- 
- 

- 
- 

Increase in AST and ALT 
  

no 
yes 

- 
2.64 (0.35 – 19.65) 

- 
0.34 

- 
- 

- 
- 

FVC at treatment initiation (L)  
 

 2.60 
< 2.60 

- 
1.49 (0.90 – 2.48) 

- 
0.12 

- 
- 

- 
- 

FVC at treatment initiation (%)  
 

 77 
< 77 

- 
1.29 (0.78 – 2.14) 

- 
0.32 

- 
- 

- 
- 

TLC at treatment initiation (%) 
   73 

< 73 
- 

1.15 (0.69 – 1.91) 
- 

0.57 
- 
- 

- 
- 

DLCO at treatment initiation (%) 
 

 56 
< 56 

- 
1.42 (0.86 – 2.36) 

- 
0.16 

- 
- 

- 
- 

White blood cells (n*109/L) 
 

< 7.47 
 7.47 

- 
1.45 (0.82 – 2.54) 

- 
0.19 

- 
- 

- 
- 

Neutrophils (n*109/L) 
 

< 4.18 
 4.18 

- 
1.67 (0.95 – 2.94) 

- 
0.07 

- 
- 

- 
- 

Neutrophils (%) 
 

< 58 
 58 

- 
1.78 (1.00 – 3.17) 

- 
0.04 

- 
1.79 (0.95 – 

3.03) 

- 
0.07 

Lymphocytes (n*109/L) 
 

< 2.3 
 2.3 

- 
0.90 (0.51 – 1.57) 

- 
0.71 

- 
- 

- 
- 

Lymphocytes (%) 
 

< 30 
 30 

- 
0.59 (0.33 – 1.05) 

- 
0.07 

- 
- 

- 
- 

Monocytes (n*109/L) 
 

< 0.69 
 0.69 

- 
1.23 (0.70 – 2.14) 

- 
0.46 

- 
- 

- 
- 

Monocytes (%) 
 

< 8.5 
  8.5 

- 
0.97(0.53 – 1.77) 

- 
0.93 

- 
- 

- 
- 

FVC=forced vital capacity, TLC=total lung capacity, DLCO=lung diffusion carbon oxide, 
RF=respiratory failure, AST = aspartate aminotransferase; ALT = alanine aminostransferase. Values 
are expressed as HR (95%CI). Univariate and multivariate Cox proportional hazard regression tests 
were used to determine the relationship of clinical, functional and radiological characteristics with 
progression. 
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ADDITIONAL FILE 4 

Table S4. Occurrence of respiratory failure (RF) at rest and FVC (L) at treatment 

initiation according to MUC5B genotype (TT/TG vs. GG patients). 

 
TT/TG 

genotype 
(n = 61) 

GG 
genotype 
(n =27) 

p Value 

RF at rest  26 moths – n (%) 
RF at rest < 26 months – n (%) 
FVC (L) T0  2.60 L – n (%) 

FVC (L) < 2.60 L – n (%) 

34 (56) 
27 (44) 
36 (59) 
25 (41) 

11 (41) 
16 (59) 
9 (33) 
18 (67) 

0.19 
 

0.02 
 

Chi square test for categorical variables was used. 
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ABSTRACT 

Background. The MUC5B rs35705950 mutant T allele is the strongest genetic risk 

factor for familiar and sporadic IPF. In addition, carriage of the T allele has been 

associated with better outcomes. We sought to determine whether MUC5B 

rs35705950 genotype affects radiological patterns of IPF patients and how they 

may change during the first year of antifibrotic therapy. 

Methods. 78 IPF patients on antifibrotic treatment and on regular follow-up were 

genotyped for MUC5B rs35705950 by PCR amplification and Sanger sequencing 

and classified according to the carriage of the mutant T allele. HRCT patterns were 

quantified at treatment initiation (HRCT0) and after 1 year (HRCT1) as: ground 

glass opacities (Alveolar Score,AS), reticulations (Interstitial Score,IS) and 

honeycombing (HC). 

Results. 54/78 patients (69%) carried at least one copy of the T allele. At HRCT0, 

radiological scores were similar across the TT/TG/GG subgroups. Carriers of the T 

allele displayed similar FVC loss in the 1-year of treatment as GG carriers, but 

overall survival was longer in the TT/TG group compared to the GG group 

(69vs.41months, HR 0.52, 95% CI 0.28 – 0.98; p= 0.04). In the TT/TG group, HC 

increased significantly [from 2(0-41) % to 5(0-50)%;p=0.001], whereas in the GG 

group both AS [from 16(0-44)% to 18(1-86)%;p=0.05] and HC [from 3(0-70)% to 

7(0-83)%;p=0.007] increased significantly at HRCT1. 

Conclusions. In IPF patients carrying the MUC5B rs35705950 T allele, HC 

increases over time, whereas in noncarriers both HC and AS increase despite a 

similar FVC loss in the 1-year of treatment. Longitudinal HRCT may help in 

clarifying the prognostic role of MUC5B rs35705950. 
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BACKGROUND 

Idiopathic pulmonary fibrosis (IPF) is a chronic disorder of unknown origin 

and the overall survival of affected patients is very poor and unpredictable. The 

actual antifibrotic drugs aim to slow down the inevitably progressive course until 

respiratory failure and death, remaining a disease still orphan of curative treatment. 

Despite uncertainty about its leading cause, a number of potential risk factors have 

been suggested. IPF is believed to occur in genetically susceptible individuals as a 

consequence of an aberrant wound-healing response following repetitive alveolar 

microinjury, resulting in scarring of the lung parenchyma and irreversible loss of 

function. Familial clustering of cases and the occurrence of pulmonary fibrosis in 

the context of rare genetic disorders (such as Hermansky–Pudlak syndrome or 

dyskeratosis congenita) indicate that genetic predisposition contributes 

significantly to the pathogenesis of IPF.  

The single nucleotide polymorphism (SNP) rs35705950 located in the 

promoter region of the gene mucin 5B (MUC5B) on 11p15.5 is well known to be 

strongly associated with both sporadic IPF and familial forms of pulmonary 

fibrosis, and this association has been validated in several independent cohorts1-4.  

The increased risk in developing pulmonary fibrosis is maintained when individuals 

carry the mutant allele (T) either in heterozygous (GT) or in homozygous form 

(TT). The prognostic role of the SNP rs35705950 in IPF patients is still debated, 

with some studies suggesting a protective effect on mortality for patients carrying 

the minor allele T in heterozygous or homozygous form5. In our recent work, for 

the first time we demonstrated the impact of MUC5B polymorphism on prognosis 

of IPF patients on antifibrotic treatment6. More specifically, in our IPF cohort we 

demonstrated that carriers of the mutant T allele, either in heterozygous or 

homozygous form, present a significantly prolonged survival compared to the wild 

type population.  

On this basis, the aim of our present study was to determine whether 

MUC5B rs35705950 genotype affects radiological patterns of IPF patients at 

diagnosis and its association with radiologic changes during the first year of 

treatment. 

 

METHODS 

Study population and study design 
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In this longitudinal retrospective study, we consecutively collected and 

analyzed a cohort of well characterized patients with IPF referred to our center 

between April 2014 and June 2022. Those patients were followed clinically, 

functionally (measuring periodically forced vital capacity (FVC), total lung 

capacity (TLC) and diffusing capacity of the lung for carbon monoxide (DLCO)) 

and radiologically for at least one year after initiation of anti-fibrotic treatment 

(either pirfenidone or nintedanib).  

Seventy-eight patients were included (Table 1) due to the inclusion criteria 

of having two HRCT available, at diagnosis and after 1-year treatment. Each patient 

received a diagnosis of IPF according to the ATS/ERS/JRS/ALAT guidelines 

published in 2011 and revised according to the last guidelines of 20227,8. Thirty-

eight cases required a histological confirmation of the diagnosis of IPF whereas in 

the majority of cases (n=40) the diagnosis was reached on the basis of a clinical and 

radiological consensus. Patients with a clear history of environmental or 

occupational exposure and those with clinical features or serological data 

suggestive of an underlying connective tissue disease were excluded.  

Clinical and functional data were collected in every patient at the time of 

treatment initiation and at regular time intervals (every four months) for almost 

twelve months, while HRCT was regularly performed at treatment initiation and 

after 12 months. All patients were genotyped for MUC5B promoter’s SNP 

rs35705950 by PCR amplification and Sanger sequencing and finally categorized 

in two groups: the TT/TG genotype (n=54) and the GG genotype (n=24), 

respectively (Table 1). Each patient provided a blood sample for DNA extraction 

and morphometric analysis before starting antifibrotic treatment.  

Patients were treated with pirfenidone or nintedanib, and the choice between 

these two drugs was made according to eligibility criteria and the risk of associated 

adverse events. Adverse events occurring during treatment were periodically 

collected (every four months). 

Based on their annual rate of decline (≥ 5 or < 5% pred.) in absolute FVC% 

pred. during the first year of treatment, patients were defined as progressors or 

stable, respectively. Improvement of FVC (%pred. and mL) was expressed as 

negative value. The overall survival (OS) was calculated from the beginning of the 

treatment to death, transplant or loss to follow-up; survival data were censored at 

the end of the study (June 2022). 
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The study was performed in accordance with the Declaration of Helsinki 

and was approved by the Ethics Committee of the University Hospital of Padova 

(4280/AO/17). Informed consent was obtained for all study participants. 

 

Table 1. Patient’s demographics and clinical characteristics of the 

entire study population, and cathegorized in TT/TG genotype or GG 

gentotype. 

  
Entire  

Population 
(n =78) 

TT/TG  
genotype 
(n =54) 

GG  
genotype 
(n =24) 

p 
Value 

Male – n (%) 
Female – n (%) 

64 (82) 
14 (18) 

44 (82) 
10 (18) 

20 (83) 
4 (17) 0.84  

Age at diagnosis – years 69 (44–82) 68 (44-82) 72 (50-82) 0.16 
Body mass index (BMI) – 
kg/m2 27 (19-37) 26 (19-33) 27 (23-37) 0.83 

Smoking history – pack years  10 (0–240) 10 (0-50) 30 (0 - 240) 0.0006 
• Current – n (%) 7 (9) 5 (9) 2 (8) 

0.36 • Former – n (%) 50 (64) 32 (59) 18 (75) 

• Nonsmokers – n (%) 21 (27) 17 (32) 4 (17) 
Radiological diagnosis – n 
(%) 
Histological diagnosis – n (%) 

40 (51) 
38 (49) 

23 (43) 
31 (57) 

17 (71) 
7 (29) 0.02  

FVC at diagnosis – L  2.66 (1.53–

4.61) 
2.79 (1.67-

4.36) 
2.40 (1.53-

4.61) 0.03 

FVC at diagnosis – %pred.  77 (47–126) 79 (56–126) 72 (47–118) 0.08 
TLC at diagnosis - %pred. 73 (40-96) 73 (45-96) 73 (40-93) 0.32 
DLCO at diagnosis – %pred. 56 (7–93) 56 (7-89) 56 (28-93) 0.60 
Gastroesophageal reflux – n 
(%) 31 (40) 22 (41) 9 (38) 0.78 

Cardiovascular diseases – n 
(%) 53 (68) 37 (69) 16 (67) 0.87 

Metabolic syndrome – n (%) 33 (42) 22 (41) 11 (46) 0.67 
Pirfenidone– n (%) 42 (54) 31 (57) 11 (46) 

0.34 
Nintedanib – n (%) 36 (46) 23 (43) 13 (54) 
FVC decline in the 1st year– 
mL  46 (-573–657) 59 (-573-

657) 
34 (-559-

461) 0.70 

FVC decline in the 1st year – 
%pred. 0 (-29-21) 1 (-29-21) 0 (-12-16) 0.80 

Stable – n (%) 62 (79) 43 (80) 19 (79) 
0.96 

Progressors – n (%) 16 (21) 11 (20) 5 (21) 
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Nausea and vomiting - n (%) 11 (14) 10 (19) 1 (4) 0.09 
Diarrhea – n (%) 25 (18) 19 (20) 7 (29) 0.60 
Weight loss - n (%) 14 (32) 10 (35) 5 (21) 0.81 
Increase in AST, ALT – n 
(%) 2 (3) 2 (4) 0 (0) 0.33 

Transplanted – n (%) 4 (5) 3 (6) 1 (4) 0.79 
Deaths – n (%) 27 (35) 9 (17) 8 (33) 0.09 

Values are expressed as numbers and (%) or median and ranges as appropriate. Negative values 
mean improvement of FVC. To compare demographic data and baseline clinical characteristics 
between TT / GT genotype and GG genotype, Chi square test and Fisher t test (n < 5) for categorical 
variables and Mann-Whitney U test for continuous variables were used. AST = aspartate 
aminotransferase; ALT = alanine aminostransferase. Values are expressed as numbers and (%) or 
median and ranges as appropriate. Negative values mean improvement of FVC. To compare 
demographic data and baseline clinical characteristics between TT / GT genotype and GG genotype, 
Chi square test and Fisher t test (n < 5) for categorical variables and Mann-Whitney U test for 
continuous variables were used. 
 
 

Sample processing, DNA extraction and Sanger sequencing 

Volumes of 5-10 mL of blood were collected from each patient, placed in 

EDTA tubes and stored at 4°C before plasma separation and centrifuged at 1,600 g 

for 10 min at 4°C within 8 h from collection. Plasma samples were transferred to 2 

mL sterile tubes, which were shipped in a dry ice container. DNA was isolated from 

300 uL of plasma using the QIAamp® DNA FFPE tissue kit (Quiagen, 

Netherlands) in accordance with the manufacturer’s operational manual. DNA 

extracted from plasma was used as the template for the polymerase chain reaction 

(PCR). PCR was performed with this primer sequence 5’-3’: forward 

GGTTCTGTGTGGTCTAGG, reverse: TGTTTGCTCAGCGTGTTTG The PCR 

reaction phase was performed as follows: (step 1) initial denaturation at 94°C for 5 

minutes; (step 2) three step-cycle repeated for 40 cycles: denaturation at 94°C for 

15 seconds, annealing at 56°C for 20 seconds and elongation at 72°C for 20 s; (step 

3) final step maintaining the samples at 72°C for 5 min.  

The amplified DNA was evaluated by agarose gel electrophoresis and its 

size was estimated with GeneRuler 1 kb DNA Ladder (#SM0311 -ThermoFisher 

scientifics, Italy). The amplified DNA was purified with PureLink® PCR 

Purification Kit (#K310001 - ThermoFisher scientifics, Italy) and the concentration 

evaluated with NanoDrop 1000 Spectrophotometer V3.8 (ThermoFisher scientifics, 

Italy). The purified DNA was desiccated with the forward primer and sequenced 

using Sanger’s technique with BigDyeTM Terminator v3.1 (ThermoFisher 

scientifics, Italy) on the instrument AB3730XL (ThermoFisher scientifics, Italy). 
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Three possible results could be obtained: wild type (GG); heterozygosis 

(TG) or variant homozygous (TT). 

 

Radiological scoring  

The HRCTs available at treatment initiation (either pirfenidone or 

nintedanib) (HRCT1) and at 12-month follow-up (HRCT2) were scored by two 

expert thoracic radiologists (C.G.; R.P.). The HRCTs were performed by a 64 slice 

Siemens Somatom Sensation (Siemens Healthcare, Erlangen, Germany) applying a 

slice thickness ≤ 1.5 mm. 

The two thoracic radiologists were blind to clinical and functional data and 

timing of HRCT, and scored HRCT1 and HRCT2 images independently using a 

semi-quantitative scale as previously described9. This represented a modification of 

the previously reported scoring systems10,11, that allowed us to evaluate the 

interstitial “reticulations” more precisely. Specifically, the radiologic features 

considered in this study were ground glass opacities (GGO) (alveolar score, AS), 

reticulations (interstitial score, IS) and honeycombing (HC) (honeycombing score, 

HC). For each lung lobe, the two radiologists assessed the extent of AS, IS and HC 

using a scale from 0-100 and estimated extent to the nearest 5%. After each 

individual lobe was scored, the result was expressed as the mean value of the five 

lobes in AS, IS and HC. Finally, the IS and HC were pooled (IS+HC) to analyze 

the amount of fibrotic abnormalities. The level of interobserver agreement was 

obtained for each patient as a mean of 5 lobes and for each radiological abnormality 

(i.e., IS, AS and HC) and expressed as Cohen’s k value. Disagreement between 

radiologists was resolved by consensus. The association between radiological 

change and FVC decline was calculated as the change in AS (ΔAS/month), IS 

(ΔIS/month), HC (ΔHC/month), pooled IS and HC (ΔIS+HC/month) and the 

change in FVC milliliters (ml) per month (ΔFVC ml/month) and FVC% pred. per 

month (ΔFVC% pred./month) between HRCT1 and HRCT2. 

 

Statistical analysis 

Categorical variables are described as absolute (n) and relative values 

(percentage, %) whereas continuous variables are described as median and range. 

To compare demographic data and baseline clinical characteristics between stable 

TT/TG and GG genotypes, Chi square test and Fisher’s exact test for categorical 
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variables and Mann-Whitney U test for continuous variables were used as 

appropriate.  

Wilcoxon signed rank test was performed to compare HRCT1 and HRCT2 

for the grading scores of different variables (AS, IS, HC and IS+HC) in the entire 

population, in TT/TG patients and GG patients. Correlation coefficients between 

radiological and functional data were calculated using the nonparametric 

Spearman’s rank method. The level of interobserver agreement between the two 

radiologists was evaluated by kappa statistic measure12.  

The overall survival was calculated from treatment initiation to death or 

lung transplantation with data censured at June 2022. The cumulative survival rate 

was calculated using Kaplan-Meier method and the difference in the survival time 

between the two groups (TT/GT and GG genotype) was assessed with a log-rank 

test. Radiological scores were evaluated to determine their relationship with 

survival in a univariate analysis of Cox proportional hazards regression testing. 

Variables with an association statistically significant with overall survival at 

univariate analysis were included in a multivariate Cox proportional hazard 

regression test to find the factors independently associated with mortality. 

All data were analyzed using SPSS Software version 25.0 (New York, NY, 

US: IBM Corp. USA) and figures were created with GraphPad Prism (version 8.3.1, 

GraphPad Software, La Jolla, CA, USA). P-values < 0.05 were considered 

statistically significant. 

 

RESULTS 

Clinical and functional evaluation at baseline and during the 1-st year follow 

up. 

Clinical and functional characteristics at baseline of the patients included in 

study are shown in Table 1. Most patients were males (82%) and former smokers 

(64%) with a median age at diagnosis of 69 years (range 44–82). Based on the 

MUC5B rs35705950 genotyping, 54 patients were classified as having a TT/TG 

genotype and 24 patients having a GG genotype (Table 1).  

At treatment initiation, the TT/GT and GG genotype groups were 

homogeneous for sex, age and body mass index (BMI) and main comorbidities 

(gastroesophageal reflux, cardiovascular diseases and metabolic syndrome), while 

GG genotype patients have a heavier smoking history of 30 pack years (0 - 240) vs. 



 

 

136 

 

10 pack years (0 – 50; p = 0.0006). GG genotype patients have a significantly less 

preserved FVC (% pred. and L) at treatment initiation and a higher % of patients 

receiving a clinical - radiological diagnosis [17 (71%) vs. 23 (43%), p = 0.02], as 

compared to TT/TG genotype patients.  

Forty-two patients were treated with pirfenidone and thirty-six with 

nintedanib, with similar proportion between the two genotype groups (57% in 

TT/TG and 47% in GG genotype treated with pirfenidone, 43% in TT/TG and 54% 

in GG genotype treated with nintedanib).  

Based on the annual FVC% pred. decline during treatment (≥ 5 or < 5% 

pred.), most patients were classified as stables [62 stable patients (79%) vs. 16 

progressors (21%)], with equal proportion between the two groups (80% in TT/TG 

and 79% in GG genotype stable patients, and 20% progressors in TT/TG group and 

21% in GG group, respectively). 

27 (35%) patients died during the follow up period, with equal proportion 

between the two genotyped groups. 

The allele frequency of the MUC5B rs35705950 T allele was 66/156 (42%), 

while the frequency of the wild type G allele was 90/156 (58%). The MUC5B 

rs35705950 genotype frequencies met the Hardy–Weinberg equilibrium (Table 2). 

 

Table 2. MUC5B rs35705950 genotype frequency. 
  
T allele: 66/156 (42%) 
  
G allele: 90/156 (58%) 

  Observed Expected p Value 
TT genotype – n (%) 
TG genotype – n (%) 

12 (15) 
42 (54) 

16 (17) 
43 (49) 

  
0.82 

GG genotype – n (%) 24 (31) 30 (34)   
Chi square test for categorical variables was used. 

 
 

Radiological scoring at baseline 

Alveolar, honeycombing, interstitial and pooled honeycombing and 

interstitial score in the HRCT performed at diagnosis (HRCT1) were similar 

between the two genotype groups (Table 3). In particular, at baseline AS was 22% 

(0 - 62) in TT/TG and 16% (0 - 44) in GG (p=0.52), HC was 2% (0 - 41) in TT/TG 

and 3% (0 - 70) in GG (p=0.54), IS was 22% (0 - 52) in TT/TG and 25% (0 - 45) 

in GG (p = 0.91), HC+IS was 28% (9 - 73) % in TT/TG and 30% (8 - 89) in GG (p 

= 0.76) (Figure 1 Panel A-D). The inter-observer agreement between the two 

radiologists with regard to change in AS, IS and HC was good (Cohen’s kappa = 

0.71 for IS, k=0.76 for AS, k=0.80 for HC), as previously described9. 
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Table 3. Radiological scores at treatment initiation (HRCT1) of the entire 
study population, and cathegorized in TT/TG genotype or GG gentotype. 
 

  
Entire 

Population 
(n =78) 

TT/TG 
genotype 
(n =54) 

GG  genotype 
(n = 24) 

p 
Value 

Alveolar score - % 20 (0-62) 22 (0-62) 16 (0-44) 0.53 

Honeycombing score - % 2 (0-70) 2 (0-41) 3 (0-70) 0.54 

Interstitial score - % 23 (0-52) 22 (0-52) 25 (0-45) 0.91 
Pooled interstitial score and 
honeycombing - % 28 (8-89) 28 (9-73) 30 (8-89) 0.76 

Values are expressed as median and ranges. To compare the radiological scores in HRCT1 
between TT / GT and GG genotype groups, and Mann-Whitney U test for continuous variables was 
used. 
 
 

  

  
Figure 1. Radiological scores at treatment initiation (HRCT1) of the study population 

cathegorized in TT/TG genotype or GG gentotype. Values of alveolar score (Panel A), 
honeycombing score (panel B), interstitial score (panel C) and pooled honeycombing and interstitial 
score (Panel D) at treatment initiation (HRCT1) in TT/TG genotype patients (TT/TG) and GG 
genotype patients (GG). Horizontal bars represent median values; bottom and top of each box plot 
25th and 75th, brackets 10th and 90th percentiles, while circles represent outliers. White boxes 
indicate TT/TG genotype patients and blue boxes GG genotype patients. 
 



 

 

138 

 

 

 

Radiological scoring during 1-st year follow up 

In the entire study population, HC and HC+IS increased significantly 

between HRCT1 and HRCT2 from 2% (0 - 70) to 6% (0 – 70, p < 0.0001) and from 

28% (8 - 89) to 33% (8 – 98, p < 0.0001), respectively (Figure 2, Table 4). AS and 

IS remain similar between HRCT1 and HRCT2 from 20% (0 - 62) to 20% (0 – 64, 

p = 0.16) and from 22% (0 - 52) to 23% (0 - 59, p = 0.12), respectively (Figure 2, 

Table 4). 

When the study population was stratified by MUC5B rs35705950 genotype, 

in TT/TG patients HC increased significantly between HRCT1 and HRCT2 from 

2% (0 - 41) to 5% (0 – 63, p = 0.001) (Figure 3, Panel B), whereas AS and IS did 

not, from 22% (0 - 62) to 21% (0 – 64, p = 0.81) and from 22% (0 - 52) to 23% (0 

– 59, p = 0.47) respectively (Figure 3, Panel A, C). Conversely, among GG patients 

both AS and HC increase significantly from 16% (0 - 44) to 18% (1 – 86, p = 0.05) 

and from 3% (0 - 70) to 7% (0-83, p = 0.007), whereas IS remain similar between 

HRCT1 and HRCT2: from 26% (0 – 45) to 26% (0 – 53, p = 0.15), respectively 

(Figure 3, Panel A-C). 

When HC and IS were pooled together, the HC+IN score increased 

significantly in TT/TG patients (from 28% (9 - 73) to 30% (9 - 93), p = 0.001), and 

in GG patients (from 28% (8 - 89) to 42% (8 – 89, p = 0.002), respectively (Figure 

3, Panel D).  

 

Table 4. Radiological scores at treatment initiation (HRCT1) and after one 
year of treatment (HRCT2) in the entire study population. 

 
  HRCT1 HRCT2 p value 

 
HRCT1 HRCT2 p value 

 
AS 

 
20 (0-62)  

 
20 (0-64)  

 
0.16 

 
IS 

 
22 (0-52) 

 
23 (0-59) 

 
0.12 

HC 2 (0-70)  6 (0-83)  < 0.0001 HC+IS 28 (8-89) 33 (8-98) < 0.0001 

AS = alveolar score; IS = interstitial score; HC = honeycombing; HC+IS = pooled 
interstitial score and honeycombing. Values are expressed as median and range. P values refer to 
comparisons between HRCT1 and HRCT2, and Wilcoxon signed rank test for pared non parametric 
data was used. 
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Figure 2. Radiological scores at treatment initiation (HRCT1) and after one year of 
treatment (HRCT2) in the entire study population. Change in alveolar score, interstitial score, 
honeycombing and pooled interstitial score and honeycombing at treatment initiation (HRCT1) and 
after one year of treatment (HRCT2) in the entire study population. P values refer to comparisons 
between HRCT1 and HRCT2 and Wilcoxon signed rank test for pared non parametric data was 
used.  
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Figure 3. Change in alveolar score (Panel A), honeycombing (Panel B), interstitial score (Panel C) 
and pooled interstitial score and honeycombing (Panel D) at treatment initiation (HRCT1) and after 
one year of treatment (HRCT2) in TT/TG and GG genotype patients. P values and * refer to 
comparisons between HRCT1 and HRCT2 and Wilcoxon signed rank test for pared non parametric 
data was used. 

 

Survival analysis and multivariate analysis 

In the current cohort study we had the chance to analyze a longer observational 

period as compared with our previous study6 and we were able to confirm that the 

overall survival of TT/TG genotype patients was higher than overall survival of GG 

genotype patients. Indeed, the proper median survival was 69 months for TT/TG 

genotype patients and 41 months for GG genotype patients (HR 0.52, 95% CI 0.28 

– 0.98; p= 0.04) (Figure 4). 

To detect if radiological scores may be considered factors predictive of survival in 

the entire IPF population, we used Cox proportional hazards regression analysis. 

Univariate analysis of radiological factors associated with survival revealed that IS, 

HC+IS on HRCT1, AS, IS, HC+IS on HRCT2, the absolute increase in 

honeycombing and in HC had a significant positive association with survival in the 

entire IPF population (Table 6). Multivariate analysis performed including 

variables having statistical significance in univariate analysis, revealed that only 

HC+IS on HRCT2 (HR: 1.02; 95%CI: 1.00 – 1.03; p = 0.01) are independent 

predictors of mortality in IPF patients (Table 6). 
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Figure 4. Survival of the study population categorized in TT/TG genotype or GG genotype. 
Survival analysis of TT/TG and GG genotype patients. The black line represents the survival in the 
TT/TG group and the blue line represents the survival in the GG group. Kaplan Meier analysis was 
used with a log-rank test (HR 0.52, 95% CI 0.26 – 0.96; p= 0.04).  
 

Table 6. Predictive factors of overall mortality in the entire population of IPF 
patients treated with antifibrotics. 

 
  
  

Univariate analysis Multivariate analysis 

  HR (95% IC) p HR (95% IC) p 

Alveolar score in HRCT1 (%) 1.01 (0.99 – 1.03) 0.11 - - 

Honeycombing in HRCT1 (%) 1.00 (0.98 – 1.02) 0.52 - - 

Interstitial score in HRCT1 (%) 1.03 (1.00 – 1.05) 0.01 1.08 (0.99 – 1.17) 0.07 

Interstitial s. and honeycombing 
in HRCT1 (%) 1.01 (1.00 – 1.03) 0.02 0.97 (0.93 – 1.01) 0.15 

Alveolar score in HRCT2 (%) 1.02 (1.00 – 1.04) 0.008 1.01 (0.99 – 1.04) 0.15 

Honeycombing in HRCT2 (%) 1.01 (0.99 – 1.03) 0.16 - - 

Interstitial score in HRCT2 (%) 1.03 (1.00 – 1.05) 0.009 0.94 (0.88 – 1.01) 0.14 

Interstitial s. and honeycombing 
in HRCT2 (%) 1.02 (1.00 – 1.03) 0.003 1.02 (1.00 – 1.03) 0.01 

Change in Alveolar score (%) 1.00 (0.99 – 1.05) 0.98 - - 

Change in Interstitial score (%) 1.02 (0.94 – 1.10) 0.44 - - 

Change in Honeycombing (%) 1.03 (1.01 – 1.06) 0.03 1.05 (0.97 – 1.13) 0.18 
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Change in Interstitial s. and 
honeycombing (%) 1.02 (0.99 – 1.05) 0.058 - - 

Values are expressed as HR (95%CI). Univariate and multivariate Cox proportional hazard 
regression tests were used to determine the relationship of radiological scores with survival. 

 
CONCLUSIONS 

 

This study investigated for the first time the association between MUC5B 

rs35705950 polymorphisms and radiological features in the IPF cohort, both at 

baseline and after treatment. Indeed the current study showed that carriers of the 

mutant rs35705950 T allele presented a better survival than the wild type group, 

regardless of the extension of HRCT changes at baseline which was similar in the 

two groups.  

Regarding radiologic features we observed that alveolar score was 

significantly increased after treatment in the GG genotype patients but not in the 

TT/TG group.  

These evidences confirmed the protective role of MUC5B polymorphism 

on prognosis of patients with IPF. Moreover, the association of ground opacities on 

CT scan with the genotype with worse prognosis confirm our previous data9,11. 

Ground glass opacities associated to fibrotic extent on HRCT may help identifying 

the more aggressive IPF phenotype and genotype. 
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ABSTRACT 

Background. Increasing evidence suggests that an immune dysregulation may be 

involved in the progression of IPF. The presence of lymphoid follicles (LF) (sites 

where the immune response is triggered) in earlyIPF and their evolution with the 

progression of the disease, have never been caracterized as part of the natural 

history of IPF. 

Aim. 1) To investigate the presence of LF in earlyIPF and end-stage late IPF 2) To 

quantify LF numbers, dimensions and state of activation and their evolution from 

EIPF to LIPF. 

Methods. LF immunostained for B-lymphocytes were counted and measured in 18 

early IPF (surgical biopsies), 42 end stage IPG (explanted lungs) and 12 smoking 

controls (SC) (surgical resection). Immunostaining for CD40, a costimulatory 

molecule expressed by B lymphocytes, was used to study the degree of LF 

activation in early IPF and end stage IPF. 

Results. LF were present in 100% of EIPF and LIPF and in 7/12 of SC. LF number 

was higher in early IPF than in end stage IPF [9 (3-36) vs 6 (1–16)/cm2; p=0.01] 

and SC [0.7 (0-9) cm2; p < 0.0001], while LF area was increased in end stage IPF 

compared to early IPF [27,97 (12,59-58,09) vs 13,32 (4,72-48,41) μm2; p<0.0001) 

and similar to SC [21,18(6,01 - 37,32) μm2; p = 0.58]. LF in end stage IPF are more 

activate than LF in early IPF (CD40+) (73%vs33%;p=0.005) and compared to 

smoking controls (25%, 0 = 0.002). 

Conclusions. The large number of Lymphoid Follicles found in EIPF and the 

increase in LF volume and degree of immune activation as the disease progresses, 

suggest that an immune response has an important role in driving the progressive 

damage characteristic of the IPF course. 

 

 

 

 

INTRODUCTION 

Idiopathic pulmonary fibrosis (IPF) is the most common form of idiopathic 

interstitial pneumonia (IIP), a chronic, progressive and fibrotic interstitial lung 

disease of unknown cause, with radiological and histological aspects identified by 

the presence of the usual interstitial pneumonia (UIP) pattern and leading the 
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patients to respiratory failure and death within tree or five years from diagnosis1. 

As the other forms of interstitial lung diseases, IPF is characterized by cell 

proliferation, interstitial inflammation, fibrosis deposition and an irreversible 

scarring of the lung2.  

 In the last decades, the ineffectiveness of traditional anti-inflammatory 

therapies in the treatment of IPF has caused the shift of researcher attention away 

from inflammation3. A part from the accredited hypothesis of excessive scar 

response to alveolar damage, the role of the immune system in promoting and 

maintaining the pro-fibrotic process remains controversial. Subclinical and 

continuous alveolar epithelium lesions induced by oxidative stress, mitochondrial 

dysfunction, environmental exposures and an accelerated cellular aging lead to an 

aberrant repair of the alveolus with excessive cicatricial response promoted by 

stromal cells such as activated fibroblasts and myofibroblasts4. In this context, the 

adaptive immune response seems to play a crucial role in maintaining and 

progressing the damage after initiation5. In 2006, new types of lymphocyte 

aggregates have been identified for the first time in the parenchyma of patients with 

IPF6. These types of structures named lymphoid follicles (LF) show organization 

of T and B lymphocytes in aggregates, with the presence of reticular fibroblasts and 

dendritic cells, immunohistochemical positivity for CD40, CD40L and other 

markers expressed by the lymphoid organizing tissue. To date, the main role of LF 

in IPF diseases progression has never been elucidated.  CD40 and CD40L are 

important markers, expressed respectively by B and T lymphocytes. Their presence 

is relevant because their interaction is considered one of the first reactions which 

then lead to the formation of germinal centers. LF follicles were found to be present 

in greater numbers in advanced disease (explanted tissue) than in early disease, 

supporting the concept that active cellular inflammation continues in IPF even in 

severe end-stage disease7,8. 

Some evidences suggest that lymphoid follicles may be present in IPF 

patients, even though their role across the disease course from early onset up to 

organ failure remains to be established. For this reason, the rationale of the present 

study focused on quantifying and characterize the lymphoid follicle structure across 

the disease course of IPF (early and end stage phase), to quantify their degree of 

activation and to compare them with smoking controls.  

 



 

 

147 

 

 

METHODS 

 

Study population 

In this retrospective study, we consecutively enrolled one cohort of patients 

undergoing a video-assisted thoracic surgery (VATS) biopsy to achieve a definite 

diagnosis of IPF (early IPF) and one cohort of IPF patients in the terminal phase of 

the natural history of their disease undergoing lung transplant (end stage IPF).  

Eighteen patients from two Interstitial Lung Disease Centers in Italy (University 

of Padova, Italy, n = 7 and University of Naples, Italy n = 11) referred between 

2014 and 2018, and with a definite diagnosis of IPF according with the current 

ATS/ERS/JRS/ALAT guidelines1, were included in the early IPF cohort of 

patients. Forty-two IPF patients referred to our center for transplantation between 

2011 and 2014 were included in the end stage IPF cohort of patients. End stage 

IPF patients belonged to an historical group of individuals referring to our center 

of Padova in the pre-antifibrotic therapy era (before 2014), having therefore no 

access to antifibrotic therapy. Patients with a clear history of environmental or 

occupational exposure, and with clinical or serological data suggestive for a 

connective tissue disease were excluded.  

Twelve smokers with normal lung function, undergoing lung resection for 

nodules, were included as control group (smoking controls, SC).  

Clinical and functional data for the three study population were retrospectively 

collected and reviewed. 

The study was performed in accordance with the Declaration of Helsinki and 

approved by the Ethics Committee of the University Hospital of Padova 

(4280/AO/17). Informed consent was obtained for all study participants before 

surgery.  

 

 

Pathological Analysis 

Formalin fixed and paraffin embedded lung tissue blocks were obtained 

from early IPF, end stage IPF and smoking controls (avoiding areas affected by 

tumor in patients who underwent lung resection for nodules). Five-μm thickened 

sections were cut and stained for immunohistochemical identification and 
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characterization of lymphoid follicles (LFs). B lymphocytes (CD20+), T 

lymphocytes (CD4+ and CD8+), activated B-lymphocytes (CD40+), as well as total 

leukocytes (CD45+), were identified by immunohistochemistry as previously 

described5. For each biopsied and transplanted patient the presence of UIP pattern 

was histologically confirmed by our expert pathologist (F.C.) by the presence of a 

usual interstitial pneumonia (UIP) pattern on lung specimens. 

LFs were defined as aggregates containing more than 40 mononuclear cells 

that exhibit the typical topographical arrangement with a germinal center of CD20+ 

B cells surrounded by CD4+ and CD8+ T cells9.    (Figure 1).   

LFs were identified on sections stained for B lymphocytes, and expressed 

as number per square cm of lung tissue examined. LFs area was also measured and 

expressed in square micrometer (um2). 

To investigate the activation state of LFs, the expression of the co-stimulatory 

and activation marker CD40 was analyzed inside the LF using a semiquantitative 

score ranging from 0 to 4 as follows: 0 = absence of CD40 expression; 1 = CD40 

expression involving <= 25% of the LF area; 2 = CD40 expression between 26 and 

50% of LF area; 3 = CD40 expression between 51 and 75% of LF area; 4 = CD40 

expression up to the 100% of LF area (Figure 2). The CD40 expression/activation 

scores of all LFs of each patient were summed and expressed as percentage of the 

maximum computable score for that patient10. 

To better characterize LFs, CD4+ and CD8+ T Lymphocytes were quantified 

inside the LFs and expressed as number per mm2 of LF area and as ratio CD4/CD8. 

CD4+ and CD8+ T Lymphocytes as well as CD45+ cell were quantified also in the 

lung tissue as previously described5, and results were expressed as number per mm2 

of tissue area.  

Point counting was used to estimate the fraction of total lung volume occupied 

by parenchyma excluding non-parenchyma zones, according with the ATS/ERS 

guidelines11. Briefly, 15 non-overlapping microscopic fields for each lung 

specimens at magnification 20x were overlaid by a grid of 10 x 10 rows and the 

mean number of points falling on lung tissue with respect to the total 100 points 

corresponded to the percentage (%) of tissue per lung section. The % of tissue per 

lung section was finally multiplied by the total area of the section, obtaining 

therefore the exact area occupied by lung tissue (in mm2). 

 
 Panel A Panel B Panel C 
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Figure 1. Lymphoid follicles in one patient with end stage IPF immunostained for CD20 (panel 
A), CD4 (panel B) and CD8 (panel C). 
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Figure 2. Lymphoid follicles immunostained for CD40 with increasing activation scores. 

 

 

Statistical analysis 

Categorical variables are expressed as absolute (n) and relative values (%) 

whereas continuous variables as median and 5th and 95th percentiles. To compare 

demographic, functional and morphometric data between early, end stage IPF 

patients and SC Chi square test and Fisher’s exact test for categorical variables and 

one-way ANOVA non-parametric test (Kruskal-Wallis test) for continuous 

variables was used. To compare two groups, Mann-Whitney U test for continuous 

variables and Chi square test and Fisher’s exact test for categorical variables were 

used, as appropriate. 

To compare the number of CD4 + cells in lung tissue with the number of CD4+ 

cells in LF Wilcoxon signed rank test was performed. To compare the number of 

CD8 + cells in lung tissue with the number of CD8+ cells in LF Wilcoxon signed 

rank test was performed. 

All data were analyzed using SPSS Software version 25.0 (New York, NY, US: 

IBM Corp. USA). P-values < 0.05 were considered statistically significant. The 

statistical package GraphPad Prism 7.0 (GraphPad Software, Inc. La Jolla, CA, 

USA) was used for graphs. 

 

RESULTS 

Clinical and functional evaluation at baseline. 

Score 3 Score 4 
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Eighteen patients were included in the early IPF cohort, forty-two patients in the 

end stage IPF cohort and twelve smoking patients were enrolled as smoking 

controls (SC). The clinical and functional data at baseline of the three cohorts of 

patients are shown in Table 1. Most subjects were males (78%, 76% and 92%, 

respectively). Compared to SC, both early IPF and end stage IPF are younger at 

diagnosis [median 66 years (range 56 - 82) vs. 58 years (54 - 61), p = 0.005 and vs. 

53 (33 - 64), p < 0.0001; respectively]. 61%, 69% and 100% of patients have a 

current or former history of smoking in the three groups respectively, with SC 

having a heavier smoking history compared to early [49 pack/years (15 - 102) vs. 

4 (0 – 30; p = 0.002)] and end stage IPF [15 (0 - 90); p = 0.003]. 

SC have a more preserved baseline functional data than early and end stage IPF 

in terms of FVC % pred. [123% (90 - 142) vs. 75% (40 - 109), p < 0.0001, and vs. 

61% (23 - 86), p <0.0001, respectively] flow expiratory volume in one second 

(FEV1) % pred. [98% (74 - 116) vs. 81% (51 - 118), p = 0.03 and vs. 62% (26 - 86), 

p <0.0001, respectively] and DLCO % pred. [81% pred. (75 - 91) vs. 39% (16 - 74), 

p = 0.001 and vs. 36% (10 - 81), p = 0.0007]. 

None of the patients was treated with antifibrotics and 70% (equally distributed 

between the two groups) were treated with low dose prednisone with or without 

azathioprine according to previous guidelines12.  
 

Table 1. Clinical and functional data at baseline of smoking controls, the 
early IPF and end stage IPF. 

 
Early  
IPF 

(n=18) 

End stage 
 IPF  

(n=42) 

Smoking  
controls 
(n=12) 

P 

early vs. 
end 

P 

early vs. 
SC 

P 

end vs. 
SC 

Male – n (%) 14 (78) 32 (76) 11 (92) n.s. n.s. n.s. 

Age at diagnois - yr 58 (54 - 61) 53 (33 - 64) 66 (56 - 82) n.s. 0.005 <0.0001 

Smoking history  
- n (%) 
- p/y 

 
11 (61) 

4 (0 - 30) 

 
29 (69) 

15 (0 - 90) 

 
12 (100) 

49 (15 - 102) 

 
n.s. 
n.s. 

 
n.s. 

0.002 

 
n.s. 

0.003 

FEV1 at diagnosis - 
L 

3.06 (1.87 – 
3.58) 

2.46 (1.09 – 
3.68) 

2.39 (1.54 – 
3.54) 

n.s. n.s. n.s. 

FEV1 at diagnosis - 
% pred. 

81 (51 - 
118) 

62 (26 - 85) 98 (74 - 116) 0.0006 0.03 <0.0001 

FVC at diagnosis - L 2.96 (1.45 - 
4.06) 

2.47 (0.7 – 
3.75) 

3.02 (1.75 – 
4.60) 

n.s. n.s. 0.01 

FVC at diagnosis - 
% pred. 

75 (40-109) 61 (23 - 86) 123 (90 - 
142) 

0.009 <0.0001 <0.0001 
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FEV1/FVC at 
diagnosis 

98 (75 - 
131) 

102 (80 - 
125) 

80 (74 - 91) n.s. 0.0004 <0.0001 

DLCO at diagnosis – 
%pred. 

39 (16 - 74) 36 (10 - 81) 81 (75 - 91) n.s. 0.001 0.0007 

Values are expressed as numbers and (%) or median and 5th and 95th percentiles, as appropriate. 
To compare demographic data and baseline clinical characteristics, Mann-Whitney U test for 
continuous variables was used and Chi square, Fisher t test for categorial variables were used as 
appropriate. 
 

Pathological analysis  

Morphometric analysis of the lung biopsies and of the explanted lungs showed 

a relevant cellular inflammatory infiltrate in IPF populations. In particular, the 

number of total leukocytes (CD45+) cells in lung tissue was similarly high between 

early and end stage IPF patients [633 cells (277 – 1,290) / mm2 vs. 536 (277 – 

1,201) / mm2; p = 0.18], but both higher compared to SC [243 cells (116 - 503) / 

mm2; p <0.0001 in both cases] (Figure 3).  

LF were present in all IPF patients, at both diagnosis and transplantation, but 

only in 7/12 SC. 

The number of LF was increased in early IPF compared both to end stage IPFs 

[9 (3-36) LF / cm2 in early IPF compared to 6 LF (0.5-16) / cm2 in end stage IPF; 

p = 0.01] and SC [0.7 LF (0 - 9) / cm2 (p < 0.0001) (Figure 4).  

When the LF dimension was analyzed, we observed that the LF size was higher 

in end stage IPFs compared to early IPF [27,974 um2 (12,595 – 58,098) vs. 13,329 

um2 (4,724 - 48,418), p<0.0001)] and SC [21,184 um2 (6,012 – 37,323), p = 0.04] 

(Figure 5). The analysis of the activation score for LF revealed that end stage IPF 

patients presented a higher level of CD40 positive activity compared to both early 

IPF [73% (9 - 92) vs 33 % (0 - 90); p = 0.005] and smoking controls [23% (0 - 75); 

p = 0.002] (Figure 6). 

Immunochemistry was used to further characterize the composition of LF, as 

shown in figure 1 from an explanted lung. The number of CD4+ T cells in lymphoid 

follicle area was higher than the number of CD8+ T cells both in early IPF [4,736 

/ mm2 (815 – 12,784) vs. 739 / mm2 (182 – 2,137), p < 0.0001], in end stage IPF 

[5,539 / mm2 (2,061 – 11,098) vs. 1,009 / mm2 (387 – 4,541), p < 0.0001], and in 

smoking controls [5,159 / mm2 (2,738 – 27,023) vs. 753 / mm2 (595 – 10,525), p = 

0.07] (Figure 7). When then number of CD4+ T and CD8+ T cells inside lymphoid 

follicles is compared between the three groups, no difference can be detected 

between early, end stage and smoking controls (Figure 8).  
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The number of CD4+ T cells in lung tissue was higher than the number of CD8+ 

T cells both in early IPF [310 / mm2 (84 – 839) vs. 117 / mm2 (18 – 248), p < 

0.0001], in end stage IPF [214 / mm2 (47 – 729) vs. 59 / mm2 (17 – 248), p < 

0.0001], and in smoking controls [261 / mm2 (131 – 531) vs. 108 / mm2 (14 – 238), 

p = 0.0001] (Figure 9). When then number of CD4+ T inside lung tissue is 

compared between the three groups, end stage IPF presented the lower number 

compared to early IPF (p = 0.02) and smoking controls (Figure 10). No differences 

between groups is observed when the number of CD8+ in lung tissue is considered. 

The CD4/CD8 ratio both in lymphoid follicles and in lung tissue is similar 

among early IPF, end stage IPF and smoking controls (Figure 11). 
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Figure 3. Number of total leukocytes (CD45+ cells) per mm2 of lung tissue in earlyIPF, end stage 
IPF and smoking controls. 
P values refer to comparisons with Mann-Whitney U test (Kruskal-Wallis test p value < 0.0001)  
 

ea
rl
y 

IP
F

en
d s

ta
ge 

IP
F

sm
oki

ng c
ontr

ols
0

500

1000

1500

2000
C

D
 4

5
+

 c
e
ll
s
 i
n

 l
u

n
g

 t
is

s
u

e
 (

n
/m

m
2
) 

Kruskal-Wallis: p < 0.0001

p = ns

p < 0.0001

p < 0.0001



 

 

155 

 

  
 
Figure 4. Number of LF per cm2 of lung tissue in early IPF, end stage IPF and smoking controls. 
Horizontal bars represent median values; bottom and top of each box plot 25th and 75th; brackets 
show 5th and 95th percentiles; and circles represent outliers. P values refer to comparisons with 
Mann-Whitney U test  (Kruskal-Wallis test p value = 0.0001)  
 

 
 
Figure 5. LF area (um2) in early IPF, end stage IPF and smoking controls . Horizontal bars represent 
median values; bottom and top of each box plot 25th and 75th; brackets show 5th and 95th percentiles; 
and circles represent outliers. P values refer to comparisons with Mann-Whitney U test; Kruskal-
Wallis p value: p<0.0001 
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Figure 6. Lymphoid follicles activation score (%) based on the degree of CD40 expression in early 
IPF, end stage IPF and smoking controls. Horizontal bars represent median values; bottom and top 
of each box plot 25th and 75th; brackets show 5th and 95th percentiles; and circles represent outliers. 
P values refer to Mann-Whitney U test; Kruskal-Wallis p value: p<0.001 
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Figure 7. Number of CD4+ and CD8+ T lymphocytes in lymphoid follicles in early IPF, end stage 
IPF and smoking controls patients, respectively. Bars indicate the median values.  
 

 Panel A     Panel B 

   
 
 
Figure 8. CD4+ T lymphocytes (Panel A) and  CD8+ T lymphocytes (panel B) in lymphoid follicles 
in early IPF, end stage IPF and smoking controls . Bar indicates the median value.  
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Figure 9. Number of CD4+ and CD8+ T lymphocytes in lung tissue in early IPF, end stage IPF and 
smoking controls patients, respectively. Bar indicates the median value.  
 

  
 
Figure 10. CD4+ T lymphocytes (Panel A) and  CD8+ T lymphocytes (panel B) in lung tissue in 
early IPF, end stage IPF and smoking controls . Bar indicates the median value. 
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Figure 11. CD4+/CD8+ T lymphocytes ratio in lymphoid follicles and in lung tissue in early IPF, 
end stage IPF and smoking controls. Bars indicates the median value.  
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In the present study, we demonstrate the presence of lymphoid aggregates 

in the lungs of subjects with idiopathic pulmonary fibrosis both at diagnosis and to 

the terminal phase of the lung disease. We found that, despite to smoking history, 

lymphoid follicles are present in each patient with IPF and specifically are more 

numerous at the beginning of the disease history but become wider and more 

activated in the end phase of the disease. These results are not confirmed in subjects 

with heavier smoking history without pulmonary fibrosis and enrolled as controls. 

To date, the main challenge for pulmonary researcher remains to better 

understand the pathogenesis of IPF, in order to detect more useful target point for 

new potential drugs blocking the irreversible course of this fatal disease. Mortality 

rate for IPF is not significantly changed after the recent worldwide diffusion of the 

two antifibrotic drugs nintedanib and pirfenidone, emphasizing the need for a more 

complete understanding in the mechanisms of disease pathogenesis and in 

predicting IPF clinical behavior.  

IPF was originally thought to be a process of chronic repair resulting from 

persistent inflammation, but in the last decade, the relative role of inflammation in 

the fibrotic process has been overshadowed in favor of alveolar damage that directly 
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induces activation of fibroblasts and myofibroblast2. This change of perspective 

was leaded also by the fact that the traditional anti-inflammatory therapies resulted 

ineffective or even harmful in IPF patients3. This finding was even stronger in 

patients with short telomere, a marker of lymphocyte senescence13. Nonetheless, 

some interesting studies observed and pointed out the presence of innate and 

adaptive immune cells in the lungs of patients with IPF5,6.  

For the first time we enrolled a multicentric cohort of patients undergoing 

surgical lung biopsy confirming the presence of a histological pattern of UIP in an 

IPF context, a wide cohort of patients undergoing lung transplant and compared to 

patients undergoing single nodule resection, with positive smoking history and 

without pulmonary fibrosis. In our study population, we confirmed our previous 

evidence that a huge amount of inflammation (total CD45+ leukocytes) is present 

in IPF populations and that overcomes the inflammation detectable in smoking 

controls. 

Lymphoid follicles are aggregates of lymphocytes B organized in germinal 

centers and surrounded by CD4+ and CD8+ T lymphocytes and are typically 

described in chronic diseases like chronic obstructive pulmonary disease (COPD)14 

or connective pulmonary fibrosis15. 

More specifically, in 2006 Marchal-Sommé J and colleagues described for 

the first-time new types of lymphocyte aggregates in the parenchyma of some 

patients diagnosed and transplanted for IPF6. Lymphoid follicles were detected and 

cytokine expression analyzed. Their data suggested that lymphoid neogenesis could 

occur in IPF lung, but lymphoid follicles observed in IPF have never been 

characterized.  

IPF patients at the early phase of disease present a higher number of 

lymphoid follicles per square centimeter of lung tissue, compared to IPF patients in 

the end stage of the disease and compared to controls. Our data confirmed the 

analysis of Todd NW and colleagues, who counted the number of lymphoid 

follicles in two time-point of some IPF patients7. The added value of our study is 

the precious availability of lung biopsies for IPF diagnosis. Last guidelines suggest 

not performing histological samples when a radiological UIP definite or UIP 

probable on high resolution CT scan and in the clinical context of a IPF is present. 

Moreover, for the first time we compare our data with controls with a heavy 

smoking history. Of interest, not all smoking controls present lymphoid follicles.  
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Moreover, for the first time we measured the dimension of lymphoid 

follicles and we found that in the end phase of disease these aggregates become 

larger and express a higher positivity for CD40, a B-cell costimulatory molecule. 

Interaction between CD40 and CD40 ligand on T lymphocytes is considered one of 

the first reactions which then lead to the formation of germinal centers. First 

evidence on the expression of CD40 in IPF was always suggested by Marchal-

Sommé J and colleagues6. 

Of interest, we further characterize lymphoid follicles and observed a huge 

amount of CD4+ T cells inside the germinal center compared to CD8+ T cells both 

in early IPF, in end stage IPF and in smoking controls. These numbers are also 

higher when the number of CD4+ and CD8+ T cells in lymphoid follicles are 

compare to the same type cells in the lung parenchyma. We can speculate that 

adaptive immune cells may migrate and concentrate inside lymphoid aggregates 

and drive the pathogenesis of the disease. 

We are aware of some limitations for our study. It could be interesting to 

compare the same patient at the beginning of the disease with his last phase of 

fibrosis. This is a retrospective study, and there may be some selection bias. 

In conclusion, in our study, for the first time we confirmed that the adaptive 

immune response plays a crucial role in maintaining and progressing the damage 

after initiation. Lymphoid follicles are constantly present in IPF patients, are more 

numerous at the early phase of the disease, become larger at the end and are more 

activated. These findings may provide a basis for future investigation on 

personalized treatment in this lethal and unpredictable diseases. 
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ABSTRACT 
 

Idiopathic pulmonary fibrosis presents a progressive and heterogeneous functional 

decline. CA 19-9 has been proposed as biomarker to predict disease course, but its 

role remains unclear. We assessed CA 19-9 levels and clinical data in end-stage 

ILD patients (48 IPF and 20 non-IPF ILD) evaluated for lung transplant, to correlate 

these levels with functional decline. Patients were categorized based on their rate 

of functional decline as slow (n = 20; △FVC%pred ≦ 10%/year) or rapid 

progressors (n = 28; △ FVC%pred > 10%/year). Nearly half of the entire patients 

(n ¼ 32; 47%) had CA 19-9 levels ≧ 37kU/L. CA 19-9 levels in IPF were not 

different from non- IPF ILD populations, however, the latter group had a median 

CA 19-9 level above the normal cut-off value of 37 KU/l (60 [17–247] kU/L). 

Among IPF patients, CA 19-9 was higher in slow than in rapid progressors with a 

trend toward significance (33vs17kU/L; p = 0.055). In the whole population, CA19-

9 levels were inversely related with DFVC/year (r = 0.261; p = 0.03), this 

correlation remained in IPF patients, particularly in rapid progressors (r = 0.51; p = 

0.005), but not in non. Moreover, IPF rapid progressors with normal CA 19-9 levels 

showed the greater △FVC/year compared to those with abnormal CA 19-9 (0.95 

vs. 0.65 L/year; p = 0.03). In patients with end-stage ILD, CA 19-9 may represent 

a marker of disease severity, whereas its level is inversely correlated with functional 

decline, particularly among IPF rapid progressors. 
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INTRODUCTION 
 

Idiopathic pulmonary fibrosis (IPF) is a specific form of chronic, progressive 

fibrosing interstitial pneumonia of unknown etiology associated with significant 

morbidity and mortality.1 The clinical course of IPF is highly heterogeneous and 

unpredictable with some patients progressing rapidly (rapid progressors), others 

declining slowly (slow progressors), and others experiencing episodes of sudden 

worsening following periods of relative stability1-3. Such variable disease course 

makes it challenging to predict the trajectory of IPF in individual patients and 

several studies have tried to identify tools to predict both disease progression and 

risk of mortality. A number of risk models have been developed that incorporate 

demographic, clinical and physiological variables, including the du Bois’ model 

and the Gender, Age, Physiology (GAP) index4,5. Though undoubtedly valuable, 

these scoring systems are not able to predict disease behavior. Change in forced 

vital capacity (FVC) is a reliable, valid and reproducible measure of disease 

progression as well as an independent predictor of mortality and treatment 

response6-8. However, considerable interand intra-individual variability exists in the 

rate of FVC decline over time in patients with IPF9,10. These issues highlight the 

need for additional and more reliable non-invasive tools to improve risk 

stratification and prediction of outcome in IPF. 

Significant advances in the pathogenesis of IPF over the last two decades 

have led to the identification of several potential predictors of disease behavior, 

such as KL-6, CCL18 and MMP-711,12. However, they are neither able to predict 

disease progression nor are they routinely available in clinical practice13. 

Recently, Maher and colleagues have conducted a large prospective study 

of patients with IPF to investigate the predictive power of selected biomarkers and 

to identify individuals with IPF at risk of progression or death. Among all 

biomarkers examined, including cytokines, chemokines, growth factors, 

extracellular matrix proteins and markers of epithelial injury, the authors found that 

serum levels of Carbohydrate Antigen 19-9 (CA 19-9), a marker of epithelial 

damage, was significantly associated to disease progression in the first year of 

follow-up14. However, it is unclear whether CA 19-9 will maintain the same 

prognostic power throughout the natural history of the disease. With this 
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background, the aim of our study was to investigate the role of serum CA 19-9 

levels in IPF patients with advanced disease referred to our lung transplant center 

and its relation with different patterns of functional decline (rapid vs. slow 

progression as assessed by the rate of FVC decline). In addition, we evaluated the 

significance of CA 19-9 levels in patients with interstitial lung disease (ILD) other 

than IPF who also displayed a progressive fibrosing phenotype. 

 

MATERIAL AND METHODS 

 

Study population 

The study population included a well-characterized cohort of patients with 

end-stage IPF and non-IPF ILD referred to our center and evaluated for lung 

transplantation. Clinical, laboratory and lung function data were retrospectively 

collected at the time of listing for transplant. In all patients, the diagnosis of IPF or 

non-IPF ILD was made following multidisciplinary discussion and in accordance 

with the ATS/ERS/JRS/ ALAT guidelines on IPF1. 

CA 19-9 levels were determined by the solidphase, two-site 

chemiluminescent enzyme immunometric assay with levels above 37 kU/L 

considered abnormal15. Measurements were performed by an experienced 

technician blinded to clinical information. 

All causes of increased CA 19-9 levels, such as gastrointestinal cancers and 

concomitant nonmalignant diseases (i.e. extra-hepatic cholestasis, hepatic cirrhosis 

or gallbladder disease) were carefully investigated by the examinations routinely 

performed during the lung transplant evaluation and excluded. FVC changes in the 

year before referral (median follow-up value 13 months) were used to phenotype 

patients as either “rapid” (n = 39, decline in % predicted FVC >10% per year) or 

“slow” (n = 29, decline in % predicted FVC ≦10% per year) progressors, as 

previously reported3. The absolute fall in FVC in mL normalized per year was also 

calculated. Additional functional parameters such as diffusing capacity of the lung 

for carbon monoxide (DLCO) and 6-minute walking test were available for only a 

minority of patients and were therefore excluded from the analysis. 
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Statistical analysis 

All continuous variables were tested for normality. To compare clinical and 

functional data between IPF and non-IPF ILD patients, and between rapid and slow 

progressors, Mann–Whitney U test was used when normality assumptions were not 

met. In IPF patients, analyses were also performed after treatment stratification 

(treated versus untreated). Correlation coefficients between functional and 

laboratory data were calculated using the nonparametric Spearman’s rank method. 

ROC curves for CA 19-9 were performed using Youden J test. All data were 

analyzed using SPSS Software version 25.0 (New York, NY, US: IBM Corp. USA). 

p-values <0.05 were considered statistically significant. 

 

RESULTS 

The study population included 68 patients referred to our center for potential 

listing for lung transplantation. Forty-eight (n = 48) patients had IPF (age 60 [54–

62] years) and 20 (n = 20) patients had ILD other than IPF (age 57 [55–60] years), 

including idiopathic Non-Specific Interstitial Pneumonia (n = 9), chronic 

Hypersensitivity Pneumonitis (n = 6), pulmonary Sarcoidosis (n = 3) and 

Pleuroparenchymal Fibroelastosis (n = 2). Nearly half of IPF patients (n = 23, 48%) 

were on antifibrotic therapy. Clinical, functional characteristics and CA 19-9 levels 

of the entire study population and of different subgroups are shown in Table 1. 

Values are expressed as numbers and (%) or median and interquartile range 

as appropriate. As expected, most patients were males and former smokers, with a 

similar smoking history between IPF and non-IPF ILD patients (p = 0.44). Patients 

with IPF and non-IPF ILD differed in terms of age at diagnosis (55 vs. 51 years), 

but did not differ significantly with regard to time from diagnosis to referral (36 vs. 

35 months). Patients with IPF and non-IPF ILD were comparable with regard to 

degree of lung function decline; indeed, although patients with non-IPF ILD had 

slightly lower values of FVC at referral (37% vs. 48% pred), the two groups had a 

similar FVC loss per year (400 vs. 460 mL).  

In the entire study population, 32 patients (47%) presented CA 19-9 levels 

above the cut-off value (37 kU/L). Levels of CA 19-9 were not significantly 

different in IPF patients than in non-IPF ILD patients (26 [7–106] vs. 60 [17–247], 

p = 0.14) (Figure 1A); however, the latter group had a median CA 19-9 level above 
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the normal cut-off value of 37 KU/l (60 [17– 247] kU/L). The established cut-off 

of 37 KU/l is derived from studies in malignancies, though it has also been applied 

to IPF. We then applied a ROC curve analysis to our data, which resulted in best 

threshold value at 24.6 kU/L, with a modest accuracy. An analysis of the cohort in 

relation to this threshold is presented in Table S1 (supplementary material). Given 

the heterogeneous clinical course of IPF patients, in further analyses we evaluated 

CA 19-9 levels in patients stratified by the rate of their functional decline (i.e., slow 

[S, n = 20] or rapid [R, n = 28] progressors). 

The median FVC decline %pred/year before referral was 17% in rapid 

progressors (absolute FVC decline 0.72 L) and 2% in slow progressors (absolute 

FVC decline 0.13 L). Slow and rapid progressors were similar with regard to age at 

diagnosis (55 vs. 56 years), age at listing (59 vs. 60 years) as well as time from 

diagnosis to referral (36 vs. 36 months). Similarly, there were no between group 

differences with regard to number of patients on antifibrotic therapy (9 [45%] vs. 

14 [50%]). Conversely, FVC both as absolute value (L) and %predicted at referral 

was significantly lower in rapid progressors than in slow progressors (1.70 L vs. 

2.11 L, p = 0.02; 43% vs. 55% %pred., p = 0.005 respectively).  

Interestingly, rapid progressors displayed lower serum levels of CA 19-9 

compared to slow progressors, although this difference did not reach statistical 

significance (17 [3–70] kU/L vs. 33 [16–415] kU/L, p = 0.055 respectively) (Figure 

1B).  

We then analyzed the correlation between CA 19-9 values and loss of FVC 

L/year before referral in the entire patient population, in the IPF and non-IPF ILD 

subgroups as well as in rapid and slow progressors. We observed an inverse 

correlation between CA 19-9 Levels and FVC L/year in the entire study population 

(r = 0.261, p = 0.031) (Figure 2). This negative correlation remained significant in 

patients with IPF (r = 0.335, p = 0.020), but not in those with non- IPF ILD (r = 

0.100, p = 0.67) (Figure 3).  

Noteworthy, CA 19-9 serum levels were inversely correlated with FVC 

L/year among rapid (r = 0.515, p = 0.005), but not slow progressors (r = 0.239, p 

= 0.31) (Figure 4).  

Finally, when rapid progressors were considered, we observed that patients 

with CA 19-9 levels below 37 kU/L (n = 17) experienced a significantly more 
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rapid FVC decline L/year compared to patients with CA 19-9 >37 kU/L (n = 11) 

(0.95 vs. 0.65 L/year; p = 0.03) (Figure 5). 

When we compared clinical and functional characteristics between IPF patients 

with and without antifibrotic treatment, we did not observe any statistical 

significance with the exception of age at diagnosis, which was lower in untreated 

patients. In particular CA 19-9 levels were similar between treated and 

untreated patients (supplementary material, Table S2). 

 

 

Table 1. Demographics and clinical characteristics of the entire population 
 

 Entire 
population 

(n=68) 

IPF 
(n=48) 

Non-IPF 
(n=20) 

p value 

Male – n (%) 54 (80) 42 (88) 12 (60) 0.01 
Age at diagnosis – years  54 (49-59) 55 (51-59) 51 (48-54) 0.01 
Smoking history – pack years  
• Former – n (%) 
• Nonsmokers– n (%) 

6 (0-25) 
40 (59) 
28 (41) 

6 (0-24) 
31 (65) 
18 (35) 

0 (0- 25) 
9 (45) 

11 (55) 

0.44 
0.13 

Age at listing - years 59 (55-61) 60 (54-62)  57 (55-60) 0.28 
Ca 19-9 listing – kU/L 
• >37 kU/L – n (%) 
• <37 kU/L –n (%) 

32 (11-180) 
32 (47) 
36 (53) 

26 (7-106) 
20 (42) 
28 (58) 

60 (17-247) 
12 (60) 
8 (40) 

0.14 
0.17 

 
FVC at listing – L   1.70 (1.24-

.2.18) 
1.84 (1.38-

2.27) 
1.34 (0.95-

1.69) 
0.003 

FVC at listing – %pred.  46 (35-57) 48 (36-58) 37 (34-55) 0.09 
FVC decline per year – L  0.43 (0,20-0,89) 0.46 (0,18-

0,93) 
0,40 (0,20-

0,72) 
0.76 

FVC decline per year – 
%pred.  

12 (5-19) 11 (5-19) 11 (3-14) 0.73 

Time from diagnosis to listing 
- months 

35 (23-65)  36 (26-59) 35 (18-151) 0.72 

Values are expressed as numbers and (%) or median and Q1-Q3 as appropriate. Negative values 
mean improvement of FVC.  
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Figure 1. CA 19.9 levels (logarithmic expression of kU/L) in patients with IPF and patients with 
ILD (non-IPF). Horizontal bars represent median values; bottom and top of each box plot 25th and 
75th; brackets show 10th and 90th percentiles; points and triangles indicate outliners. White indicate 
IPF and grey boxes ILD (non-IPF). 
 

         
 

Figure 2. CA 19.9 levels (logarithmic expression of kU/L) in patients with slow progression and 
rapid progression of IPF. Horizontal bars represent median values; bottom and top of each box plot 
25th and 75th; brackets show 10th and 90th percentiles; points and triangles indicate outliners. White 
indicate slow progressors and grey boxes rapid progressors. 
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Figure 3. Correlation between CA 19-9 levels (kU/L) and ΔFVC L/year in the entire population 

(IPF and ILD non-IPF). The black line represents the correlation in the entire population. 
Spearman’s rank correlation: r = -0.261, p=0.03 in the entire population. 
 
 

 

 
 
Figure 4. Correlation between CA 19-9 levels (kU/L) and ΔFVC L/year in IPF and non-IPF ILD 
patients. The black line represents the correlation.  a) Correlation in IPF patients. Spearman’s rank 

correlation: r=-0.335, p=0.02. b) Correlation in non-IPF ILD patients. Spearman’s rank correlation: 

r=-0.101, p=0.67. 
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Figure 5. Correlation between CA 19-9 levels (kU/L) and ΔFVC L/year in IPF patients with rapid 

and slow progression. The black line represents the correlation. a) Correlation in rapid progressors. 
Spearman’s rank correlation: r=-0.515, p=0.005. b) Correlation in slow progressors. Spearman’s 

rank correlation: r=0.239, p=0.31. 
 

 
 

Figure 6. ΔFVC (L/year) in rapid progressors with CA 19-9 above or below normal cut-off (≤37 

kU/L). Horizontal bars represent median values; bottom and top of each box plot 25th and 75th; 
brackets show 10th and 90th percentiles; points and triangles indicate outliners. White indicate 
patients below cut-off and grey boxes patients above. 
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In this study, we assessed CA 19-9 serum levels in patients with end-stage 

IPF and compared them with those of patients with end-stage non-IPF ILD 

undergoing evaluation for lung transplantation. In addition, we stratified data 

analysis based on the rate of FVC decline over the 12-month period (slow vs. rapid 

progressors) preceding listing for transplantation. Nearly half (n = 32, 47%) of our 

entire study population had CA19-9 levels higher than the cut-off value of 37 kU/ 

L. Somewhat unexpectedly, CA 19-9 levels correlated inversely with the rate of 

FVC decline; this correlation remained intact among the IPF population and, further 

subgrouping these patients, only in the group of rapid progressors. In addition, 

among rapid progressors, those with CA 19-9 levels below the cut-off of 37 kU/L 

had statistically more rapid FVC decline in the year before referral than rapid 

progressors with high CA19-9 levels (0.95 vs. 0.65 L/year, p = 0.03). 

In a large prospective, longitudinal cohort of treatment-naive patients with 

IPF, Maher and coworkers assessed an array of biomarkers, with the aim to 

identifying potential predictors of clinical outcome. Specifically, by using a 

multiplex immunoassay, they quantified a panel of 123 possible biomarkers with 

putative pathogenic roles in IPF. The protein that most clearly distinguished 

progressive from stable disease was CA 19-9 and this was the only biomarker that 

remained significant after multivariate correction for the others 123 variables. 

Notably, in the Maher’s study, CA19-9 was significantly increased in patients with 

progressive disease (mean value: 53 U/mL) than in those with stable disease whose 

CA 19-9 levels remained within normal limits (22 U/mL)14. In a different study, 

Rusanov and coworkers collected samples from patients with progressive IPF 

referred for lung transplantation and observed increased CA 19-9 levels (121+28 

kU/L)16. Taken together, these observations suggest that CA 19-9 levels tend to 

progressively increase over the disease course.  

CA 19-9 has been primarily evaluated as a tumor marker, especially in 

gastro-enteric tumors17; however, increased serum levels of CA 19-9 have been 

shown in a number of non-malignant diseases such as extra-hepatic cholestasis, 

hepatic cirrhosis or gallbladder disease18. With regard to respiratory diseases, 

increased CA19-9 levels have been observed in idiopathic non-specific interstitial 

pneumonia, hypersensitivity pneumonitis and sarcoidosis19. Totani and colleagues 

measured CA 19-9 levels in the serum, bronchoalveolar lavage fluid (BALF) and 

epithelial lining fluid (ELF) of 31 patients with IPF20. Serum CA19-9 levels 
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correlated positively with disease extent on chest X-ray, number of BALF 

neutrophils as well as ELF CA 19-9 levels. Notably, serum CA 19-9 did not 

correlate with markers of disease activity such as serum LDH, KL-6, SP-A, and SP-

D, suggesting that serum CA 19-9 levels may reflect progression rather than activity 

of pulmonary fibrosis. In a Japanese study, Kodama and coworkers analyzed CA 

19-9 in 554 patients diagnosed with either lung cancer (n = 323) or nonmalignant 

pulmonary disease (n = 231), including, among others, idiopathic interstitial 

pneumonia and connective tissue disease-associated ILD21. 30.7% of patients with 

lung cancer and 38.9% of patients with nonmalignant lung disease displayed CA 

19-9 higher than the cut-off level of 37 U/mL. Several studies have shown that 

patients with IPF have a significantly higher risk to develop lung cancer compared 

with the general population, with incidence rates ranging between 3% and 22%22 

and prevalence rates exceeding 50%23. 

Therefore, in the presence of elevated levels of tumor markers, it is 

imperative to carefully screen IPF patients with advanced disease (before listing for 

lung transplant, as was the case in our entire study population) for an occult 

neoplasm. The mechanisms leading to elevation of CA 19-9 level in ILDs are 

unknown. One hypothesis is that excessive CA 19-9 is released by regenerating 

epithelial cells in damaged lungs24,25. Low levels of CA 19-9 have also been 

reported for severely damaged lungs but this could be due to the loss of the ability 

to regenerate the alveolar epithelium in some patients21. At present, the 

determinants of the elevated CA 19-9 levels in ILD and its correlation with poor 

prognosis remain speculative.  

In our study, pre-transplant serum levels of CA 19-9 between rapid and slow 

progressors trended toward significance (p = 0.055). Interestingly, CA 19-9 levels 

inversely correlated with FVC loss among rapid, but not slow progressors. In 

addition, among rapid progressors, patients with CA 19-9 levels below the cut-off 

displayed the greater FVC loss in the year before referral (0.95 vs. 0.65 L/year; p = 

0.03). This seems apparently in contrast from previous literature, were rapid 

progressors, in the first year after diagnosis, presented higher CA 19-9 serum 

levels14. However, our study captures the end-stage disease scenario, searching if 

this prognostic value remains along the disease course. In fact, analyses were 

conducted in the end stage of the natural history of the disease that was never 

investigated in relation to disease progression. Differently, Maher and coauthors 
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investigated patients with IPF at diagnosis and followed them for 1 year to 

determine disease progression. In our investigation we wanted to capture the later 

phase of the disease when marked fibrosis with architectural distortion of the lung 

has already happened. 

The inverse correlation between CA 19-9 levels and functional decline, particularly 

among IPF rapid progressors raised an interesting hypothesis. We can speculate that 

rapid progressors, especially those with the greater functional loss, may experience 

a very rapid evolution toward epithelial to-mesenchymal transition. As CA 19-9 is 

a marker of bronchial epithelial proliferation, exhausted cells from rapid 

progressors in severely damaged lungs may not be able to regenerate and produce 

sufficient amount of CA 19-9. Conversely, in Maher’s study, the positive 

correlation between CA 19-9 levels and progression may reflect the active phase of 

the disease (initial phase) with extensive regeneration of epithelial cells. Our 

observation highlights the potential utility of measuring CA 19-9 at different time 

points during the disease course to evaluate its role as a prognostic biomarker. 

However, the contribution retrospective cohort study, therefore data were collected 

from medical records, which may introduce inaccuracies. However, every effort 

was made to reduce this risk. Antifibrotic treatment (i.e., pirfenidone and 

nintedanib) slow down functional decline and disease progression of patients with 

IPF7,8.  

In our study, nearly half of patients (48%) were on antifibrotic therapy as 

they were part of an historical cohort from the pre-antifibrotics era. However, the 

percentage of patients on antifibrotic therapy was equally distributed between slow 

and rapid progressors, and no statistical difference were found in any of the 

subgroups. The study included a relatively small number of patients. However, it 

should be noticed that only a small minority of the IPF population is referred to and 

evaluated for lung transplantation. On the other hand, our study cohort is 

phenotypically very well defined and includes deliberately patients for whom lung 

function data were fully available. We measured CA 19-9 levels at a single time 

point (i.e. referral for transplant); however, Maher and colleagues observed similar 

CA 19-9 levels at baseline and after 3 months later suggesting that there may not 

be a progressive increase of CA 19-9 levels over a short period of time14. Whether 

this is the case in the longer term remains to be elucidated. Finally, our study 

included a highly selected subgroup of patients; therefore, our findings may not be 
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generalizable to the entire IPF patient population due to the great variability of 

natural history and disease phenotypes. 

Notwithstanding these limitations, our study suggest that CA 19-9 levels 

may be variable during the course of IPF, with increased levels in the end-stage 

disease. However, there could be a possible decline in secretion in those lungs, 

which reached a loss of epithelial regeneration. Further prospective studies are 

needed to validate these findings about CA 19-9 role in IPF prognosis and assess 

whether they hold true outside the setting of end-stage IPF patients undergoing 

evaluation for lung transplantation. 
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SUPPLEMENTARY MATERIALS 

 

METHODS 

The study population included a well-characterized cohort of patients with end-

stage IPF referred to our center and evaluated for lung transplantation. Clinical, 

laboratory and lung function data were retrospectively collected at the time of 

listing for transplant. CA 19-9 levels were determined by the solid-phase, two-site 

chemiluminescent enzyme immunometric assay. Measurements were performed by 

an experienced technician blinded to clinical information. Causes of increased CA 

19-9 levels, such as gastrointestinal cancers, were carefully investigated and 

excluded. The absolute fall in FVC in ml normalized per year was also calculated. 

All continuous variables were tested for normality. To compare clinical and 

functional data between IPF with and without antifibrotic treatment, Mann-Whitney 

U test was used, when normality assumptions were not met. Finally, a ROC curve 

for CA 19-9 was performed considering the whole population (IPF patients versus 

other ILD patients) to establish prognostic cut-off of the CA 19-9 marker, taking as 

threshold value the one with maximal sensitivity and specificity (Youden J test). 

Whereas a ROC curve method was applied in patients with IPF (treated and 

untreated) considering slow and rapid progressors to obtain the area under the 

curve. 
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RESULTS 

Considering the whole population (IPF and other ILD non IPF), a ROC curve 

method was used to try to find the optimal cut-off of CA 19-9 in a non malignant 

disease and obtaining a threshold value of 24.6 kU/L the one with maximal 

sensitivity and specificity (AUC= 0,61, Std. Error 0,07, 95% confidence interval 

0,4722 to 0,7559, p value = 0,14). We then changed our results in relation to this 

new threshold value obtained (24.6 kU/L). Clinical, functional and serological data 

are summarized in the table below.  

 

Table S2. Clinical, functional and serological data of the entire population and 
of each subgroups: Idiopathic Pulmonary Fibrosis (IPF), non-IPF Interstitial 
Lung Disease, IPF patients with slow progression and rapid progression. 

 
Values are expressed as numbers and (%) or median and interquartile as appropriate.  
 
 
Considering only patients with IPF, when we compared clinical and functional 

characteristics between patients with antifibrotics and untreated we did not observe 

any statistical significance with the exception of age at diagnosis which was lower 

in untreated patients. In particular CA 19-9 levels were similar between treated and 

 Entire 
population 

(n=68) 

IPF 
(n=48) 

Non-IPF ILD 
(n=20) 

p 
value 

IPF - Slow 
progressor 

(n=20) 

IPF - Rapid 
progressor 

(n=28) 

p value 

Male – n (%) 54 (80) 42 (88) 12 (60) 0,01 18 (90) 24 (86) 0,66 

Age at diagnosis – 
years  

54 (49-59) 55 (51-59) 51 (48-54) 0,01 55 (51-59) 56 (47-59) 0,85 

Smoking history – 
pack years  
• Former – n (%) 
• Nonsmokers– n (%) 

6 (0-25) 
40 (59) 
28 (41) 

6 (0-24) 
31 (65) 
18 (35) 

0 (0- 25) 
9 (45) 
11 (55) 

0,44 
0,13 

17 (1-28) 
15 (75) 
5 (25) 

5 (0-18) 
16 (57) 
12 (43) 

0,17 
0,20 

Age at referral - years 59 (55-61) 60 (54-62)  57 (55-60) 0,28 59 (56-61) 60 (49-62) 0,95 

CA 19-9 referral – 
kU/L 
• >24.6 kU/L – n (%) 
• <24.6 kU/L –n (%) 

32 (11-180) 
39 (57) 
28 (41) 

26 (7-106) 
24 (50) 
24 (50) 

60 (17-247) 
15 (75) 
5 (25) 

0,14 
0,05 

 

33 (16-415) 
12 (60) 
8 (40) 

17 (3-70) 
12 (43) 
16 (57) 

0,05 
0,24 

FVC at  referral  – L   1,70 (1,24-
2,18) 

1,84 (1,38-
2,27) 

1,34 (0,95-
1,69) 

0,003 2,11 (1,77-2,46) 1,70 (1,25-2,06) 0,02 

FVC at  referral  – 
%pred.  

46 (35-57) 48 (36-58) 37 (34-55) 0,09 55 (49-62) 43 (34-52) 0,005 

FVC decline per year 
– L  

0,43 (0,20-
0,89) 

0,46 (0,18-
0,93) 

0,40 (0,20-
0,72) 

0,76 0,13 (0,03-0,26) 0,72 (0,50-1,20) <0,0001 

FVC decline per year 
– %pred.  

12 (5-19) 11 (5-19) 11 (3-14) 0,73 2 (3-7) 17 (13-24) <0,0001 

Time from diagnosis 
to  referral  - months 

35 (23-65)  36 (26-59) 35 (18-151) 0,72 36 (23-57) 36 (25-67) 0,74 



 

 

180 

 

untreated patients (Table S2). When we performed a ROC curve for CA 19-9 levels 

both subgroups (untreated and treated IPF patients) we obtained the following 

results. 

For untreated patients (slow progressors, n=11; rapid progressors, n=14) AUC was 

0,6; Std. Error 0,1199, 95% confidence interval 0,3495 to 0,8193, p value = 0,5. 

Whereas for treated patients (slow progressors, n=9; rapid progressors, n=14) the 

AUC was 0,7; Std. Error 0,1134 95% confidence interval 0,5000 to 0,9445, p 

value = 0,08. 

 
Table S2. Demographics and clinical characteristics of the IPF population 
sorted for antifibrotic treatment.  
 

 IPF 
(n=48) 

IPF with 
antifibrotic 
treatment 

(n=23) 

IPF without 
antifibrotic treatment 

(n=25) 

p 
value 

Male – n (%) 42 (88) 20 (87) 22 (88) 0,91 

Age at diagnosis – years  55 (51-59) 58 (54-60) 54 (46-58) 0,01 

Smoking history – pack 
years  
• Former – n (%) 
• Nonsmokers– n (%) 

6 (0-24) 
31 (65) 
18 (35) 

4 (0-21) 
10 (43) 
13 (57) 

10 (0- 29) 
18 (72) 
7 (28) 

0,20 
0,26 

Age at listing - years 60 (54-62) 61 (57-62)  58 (47-61) 0,06 

Ca 19-9 listing – kU/L 
• >37 kU/L – n (%) 
• <37 kU/L –n (%) 

26 (7-106) 
20 (42) 
28 (58) 

18 (6-68) 
8 (35) 
15 (65) 

34 (7-183) 
12 (48) 
13 (52) 

0,21 
0,35 

 

FVC at listing – L  1,84 (1,38-
2,27) 

1,79 (1,30-2,21) 2,05 (1,62-2,31) 0,22 

FVC at listing – %pred.  48 (36-58) 49 (36-57) 48 (40-58) 0,80 

FVC decline per year – 
L  

0,46 (0,18-
0,93) 

0,53 (0,26-0,95) 0,42 (0,09-0,93) 0,43 

FVC decline per year – 
%pred.  

11 (5-19) 11 (5-19) 12 (2-19) 0,94 

Time from diagnosis to 
listing - months 

 36 (26-59)  29 (24-61) 40 (30-60) 0,56 

Values are expressed as numbers and (%) or median and interquartile as appropriate.  
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ABSTRACT   

Objectives. Patients with idiopathic inflammatory myopathies (IIMs) have a highly 

heterogeneous spectrum of serological features and clinical manifestations. They 

may develop interstitial lung disease (ILD) during the disease course, but it remains 

unclear which patients are at risk for lung involvement. We aimed: (1) to identify 

factors associated with ILD in a large multicenter cohort of Caucasian patients with 

IIMs. (2) To explore whether high-resolution Computed Tomography (HRCT) 

features differ among patients with different IIMs. (3) To explore clinical and 

serological characteristics of progressive IIM-ILD patients in a multicentric 

population. 

Methods. Two hundred fifty-three patients affected by IIMs (2017 EULAR/ACR 

criteria) were retrospectively evaluated. Demographic, serological and clinical 

features were recorded at time of IIMs diagnosis and during follow-up. When 

suspected, ILD was detected by chest high-resolution computed tomography 

(HRCT). Univariate and multivariate analyses were performed to identify 

predictors of ILD. The prevalent radiological pattern (ground-glass-opacities,GGO; 

fibrotic changes, FC; consolidation,C) was used to further classified the study 

population in three groups to assess potential relationship with clinical data. 

Progression was defined when forced vital capacity (FVC) %pred. decline was ≥ 

5% or when a high-resolution CT scan worsens over one-year follow-up. 

Results. ILD was detected in 125 out of 253 (49.4%) patients. IIMs-ILD patients 

compared with IIMs-not ILD had significantly lower creatine phosphokinase 

(CPK) levels at diagnosis, higher prevalence of anti-Jo-1, anti SSA/Ro, anti-Ro52 

and anti-MDA5, mechanic’s hands, arthritis and dyspnea. Multivariate analysis 

identified dyspnea, mechanic’s hands, anti-Jo-1, anti-MDA5 and anti-Ro52 as 

independently associated with ILD.  

The prevalent CT pattern was GGO (n=39;50%), characterized by preserved 

lung volume at presentation compared with other two groups (FVC%pred.=89% 

GGO vs 74% FC vs 72% C;p=0.003). C group (n=17; 22%) anticipated the 

diagnosis of IIM (median 0, range[-1-24]GGO vs 0[-5- 13]FC vs 0[-8-0]C 

years;p=0.03), displayed a significant increase of muscle enzymes (CPK levels 252 

GGO vs 121 FC vs 1380 C U/L;p=0.04) and a lower manual muscular test (150 

GGO vs 150 FC vs 120 C;p=0.005).   
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65/79 (82%) were classified as stables (S) and 14(18%) as progressors (P). 

Compared to S, P displayed a significantly higher prevalence of anti-MDA5 

antibodies, heliotropic rash, xerostomia and xerophthalmia. Anti-MDA5 

antibodies, heliotropic rash, xerostomia and xerophthalmia were confirmed as 

progression-associated factors at univariate but not at multivariate analysis. 

Conclusion. Besides the specific autoantibodies positivity (anti-Jo1, anti-MDA5 

and anti-Ro52), mechanic’s hands were the strongest independent clinical 

predictors of ILD in Caucasian IIMs patients. Ground-glass-opacities is the 

prevalent HRCT pattern and is associated to normal lung volume and consolidation 

needs a special attention being associated to muscle injury and anticipating the 

diagnosis of IIM. Serological and clinical features at diagnosis may predict 

progression in IIM-ILD patients. Anti-MDA5 antibodies, heliotropic rash, 

xerostomia and xerophthalmia are prevalent in progressive IIM-ILD population, 

but their role as independent predictors need to be further investigated. 
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INTRODUCTION 

Interstitial lung disease (ILD) is the most common organ involvement in 

patients with idiopathic inflammatory myopathies (IIMs), detectable in up to 50% 

of cases1. Although this rate is similar to that observed in Systemic Sclerosis (SSc) 

– wherein experts agree to perform high resolution computed tomography (HRCT) 

of the lung at SSc diagnosis and pulmonary function tests (PFTs) at least yearly – 

there is no shared screening strategy for ILD in IIMs to date2,3. Nevertheless, early 

and timely identification of IIMs-ILD is of the utmost importance, as ILD can 

potentially change the disease prognosis and, therefore, the follow-up and treatment 

approach in patients with IIMs. 

The disease spectrum of IIMs is highly heterogeneous, with various 

antibodies and clinical manifestations. Some features, such as the presence of anti-

synthetase antibodies, have been generally recognized as risk factors for ILD4. On 

the other hand, antibodies against melanoma differentiation-associated protein 5 

(MDA5) has been reported to be associated with ILD in some studies but not 

confirmed in others, and this discrepancy may be at least partially due to ethnic 

differences in the presentation and course of IIMs in Asians vs. Caucasians 

patients5,6. In addition, it is worth mentioning that the dosage of some myositis-

specific (MSAs) and myositis-associated autoantibodies (MAAs) is not widely 

available and is often limited to third level referral hospitals7. Finally, there is scarce 

data in literature on clinical characteristics of IIMs which may help to predict the 

occurrence of ILD. 

Another intriguing aspect is the first radiological appearance of interstitial 

involvement in patients with IIM-ILD with different possible presentations at 

diagnosis. 

The most common radiological presentation is the non-specific interstial 

pneumonia (NSIP) pattern which is characterized by ground-glass opacities (GGO), 

intra- and interlobular reticular opacities in a predominantly subpleural and basilar 

distribution and a subpleural sparing1,8. In some patients the radiological findings 

could be more compatible with organizing pneumonia (OP), with GGO, 

consolidations and air bronchogram in their context with a predominantly basal 

distribution9. Seldom HRCT pattern shows an irregular reticulation both 

intralobular and interlobular, with a limited GGO and honeycombing with traction 

bronchiectasis distinctive for a UIP pattern10. In summary, in literature the 
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correlation between radiologic features and clinical presentation is still unclear and 

a clear correlation between radiologic features and clinical presentation or disease 

phenotype is still under investigation. 

As evaluated in recent studies, a proportion of patients with IIM-ILD could 

develop a progressive fibrosing ILD (PF-ILD) despite standard therapy11,12. PF-

ILD is a self-sustaining process and it is identified by a radiological, clinical and 

functional decline13,14. Nowadays the scientific interest on this topic is deeply 

increased in fact a recent multicentric trial investigated the efficacy and safety of 

Nintedanib, a tyrosine-kinase inhibitor already used in patients affected by 

idiopathic pulmonary fibrosis (IPF), in patients with PF-ILD. This clinical trial 

revealed that Nintedanib reduces the rate of ILD progression, as measured by FVC 

decline, in patients affected by PF-ILD15. 

In the wake of raised concern the first aim of our study was to assess clinical 

and serological predictors of ILD in a large, multicenter and prospectively followed 

up cohort of Caucasian patients affected by IIMs.  Secondly, we aimed to explore 

the potential association between different HRCT features and the clinical 

presentation in IIM-ILD patients. Third, we aimed to explore the presence of 

predictive features associated to progressive fibrosis despite treatment.  

 

METHODS 

Study population 

All patients affected by IIMs — according to the 2017 EULAR/ACR 

classification criteria8— and prospectively followed up in four third-level referral 

centers (Padova, Firenze, Udine and Paris) between 2002 and 2020 were 

retrospectively evaluated (Figure 1). Exclusion criteria were: juvenile idiopathic 

inflammatory myopathies (i.e. IIM diagnosis at <18 years); no available follow-up 

visits (at least one visit with pulmonary function test (PFT), after the diagnosis of 

IIMs, was required); patients lost during follow-up; patients with incomplete and/or 

unavailable clinical and/or serological data; patients with myositis concomitant 

with other connective tissue diseases.   

Demographic variables, and the subsequent clinical data were collected at 

diagnosis and during follow-up: constitutional signs/symptoms (fever, asthenia and 

weight loss); articular involvement (arthritis and inflammatory arthralgia); 

muscular involvement (myalgia, muscular asthenia and dysphagia); skin 
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manifestations (heliotrope rash, Gottron’s papules and signs, mechanic’s hands, 

calcinosis); other manifestations: Raynaud’s phenomenon, xerostomia and 

xerophthalmia.  

In addition, all patients underwent manual muscle testing 8 (MMT-8), and 

serum levels of creatine phosphokinase (CPK), lactate dehydrogenase and 

myoglobin were obtained at IIMs diagnosis. Further diagnostic investigations i.e. 

muscle magnetic resonance imaging (MRI) and/or electromyography and/or muscle 

biopsy were performed according to the physician’s judgment. Pulmonary function 

tests including total lung capacity (TLC), forced vital capacity (FVC) and diffusing 

capacity for carbon monoxide (DLCO) were collected at diagnosis of IIMs repeated 

annually during follow-up. At baseline and during follow-up, High Resolution 

Computed Tomography (HRCT) was performed if ILD was suspected based on 

signs (e.g. bibasilar crackles), symptoms (cough, dyspnea), X-rays and/or PFTs 

findings. HRCT features were reviewed by three expert thoracic radiologists (C.G., 

L.C., F.G.) to confirm interstitial lung involvement which allowed the 

categorization in IIM associated interstitial lung disease (IIM-ILD) and IIM not 

associated interstitial lung disease (IIM-non ILD).  

Finally, as it pertains to autoantibodies, serum anti-nuclear antibodies 

(ANA) were analyzed by immunofluorescence (IF) assay on HEp-2 cells, and anti-

extractable nuclear antigen (ENA) antibodies by enzyme-linked immunosorbent 

assay (ELISA) and immunoblot. MSA and MAA were tested in every patient using 

commercial line blots including recombinant human proteins for Mi-2 alpha, 

transcription intermediary factor 1-gamma (TIF1γ), small ubiquitin-like modifier-

1 activating enzyme (SAE), Ku, PM-Scl75/100, U1RNP, MDA-5, signal 

recognition particle (SRP), Jo-1, PL-7, PL-12, EJ, and OJ16.  
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Figure. 1 Flow-chart of the idiopathic inflammatory myopathies (IIM) population. 

The IIM population has been characterized in two groups according to the presence (IIM-ILD) or 
absence (IIM-notILD) of interstitial lung involvement on chest CT scan. Moreover, the IIM-ILD 
population has been categorized according to the main radiological pattern detectable on CT scan at 
diagnosis and according to the progressive fibrosing criteria14.  
 

 

Radiological Evaluation at Diagnosis 

Patients with a HRCT at ILD diagnosis available to be reviewed by expert 

thoracic radiologists were considered and categorized in three groups on the basis 

of the predominant radiological pattern (Figure 1). The first group presented 

ground glass opacities (GGO), with few or none superimposed consolidations, and 

was named ‘GGO’. The second group presented fibrotic changes, such as 

reticulation and bronchiectasis, with few or none GGO and consolidations, and was 

named ‘FC. The third group presented a prevalence of consolidations, 

superimposed to GGO and FC, and was named ‘C’. Examples of the three patterns 

are presented in Figure 2.  The same IIM-ILD population with available CT scan 

was also grouped based on the three more frequent IIM diagnosis: i.e. polymyositis 

(PM), dermatomyositis (DM) and antisynthetase syndrome (ASS) groups and the 

differences in radiological presentation among the three radiological groups was 

analyzed.  
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Figure 1. Examples of chest CT patterns in IIM-ILD patients. Axial Chest CT images of: a 60 
years old woman with antisynthetase syndrome (aSS) and ground glass opacities (Panel a); a 77 
years old woman with aSS and fibrotic changes (Panel b); a 69 years old man with aSS and a 
consolidative pattern (Panel c). 
 

Identification of progressive fibrosing IIM-ILD patients  

To evaluate the progression towards fibrosis in the study population, we 

subgrouped the patients according to the latest definition of progressive pulmonary 

fibrosis (PPF)14. In particular, patients presenting in the first year after the ILD 

diagnosis, at least two of the following three characteristics were classified as 

progressors and compared to stables: (a) the presence of two of the following 

criteria: a worsening of respiratory symptoms; (b) a functional deterioration 

[defined by an absolute decline in FVC of more than 5% and in DLCO (corrected 

for Hb) of more than 10% within 1 year of follow-up], and (c) a radiologic decline 

(identified as the increase extent of traction bronchiectasis, reticular abnormality, 

honeycombing, a new ground-glass opacity and increased lobar volume loss) 

(Figure 3). The groups were then compared to evaluate possible clinical, functional 

or serological data predictive for progression in IIM-ILD. We also evaluated the 

anti-inflammatory pharmacological treatment during the first year after the ILD 

diagnosis to search for possible differences in the two groups. 

 



 

 

191 

 

 
 
Figure 1. Radiologic progression after one year of treatment. CT images of a 77 years 
old woman at baseline (Panel A) and after the first year of treatment (Panel B) showing 
radiological features consistent with progression.  
 

Ethics Statement  

This was a retrospective study on anonymized patient’s data collected from 

medical records. The study protocol complies to the ethical guidelines of the 1975 

Declaration of Helsinki and, in agreement with national regulation on retrospective 

observational studies, it was notified and approved by the local ethics committees, 

need for patient’s informed consent was waived due to the retrospective nature of 

the study (AOP2093).  

 

Statistical analysis 

Continuous variables were expressed as means ± standard deviation (SD) or 

medians (25th and 75th interquartile range) and categorical variables as frequencies 

and percentages. Comparison between groups was performed using the Mann–

Whitney U-test for continuous variables; and the chi-squared test or Fisher’s exact 

probability test for categorical data, where appropriate. Variables which were found 

to be different (p <0.05) between patients with and without ILD at univariate 

analysis, were then included in a multivariate logistic regression model, adjusted 

for age and sex. Two-sided p <0.05 was considered statistically significant. The 

statistical analysis was performed using the SPSS statistical package, version 22.0. 

 

RESULTS 

Baseline demographic and clinical characteristics 

Two hundred fifty-three patients affected by IIMs were included in the 

study, 183 females (72%), median age at diagnosis 55 (46-66) years. Among the 

overall population, 125 (49.4%; 89 female) had ILD, of which 91 (36.3%) had ILD 
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at baseline. Baseline demographic characteristics of the study population are 

reported in Table 1. The median follow-up was 6 (3-10) years, similar in patients 

with or without ILD (p=0.440).  

Considering IIMs subgroups (Table 1), most patients were affected with 

dermatomyositis (DM) (96/253, 38%), followed by anti-synthetase syndrome 

(77/253, 30%) and polymyositis (PM) (67/253, 27%). IIMs-ILD patients less 

frequently had a diagnosis of both PM and DM vs. patients without ILD. Diagnosis 

of necrotizing autoimmune myopathy (NAM) and inclusion body myositis (IBM) 

were found exclusively in patients without ILD.  

Glucocorticoids were prescribed at a higher dose in patients without ILD, 

albeit with a similar frequency in the two groups. Patients without ILD were more 

frequently treated with methotrexate and intravenous immunoglobulins, whereas 

mycophenolate mofetil, azathioprine, cyclophosphamide and Rituximab were more 

frequently prescribed in IIMs-ILD patients. 

 

Table 1. Baseline clinical and laboratories features of the overall IIMs 
population, categorized in NOT associated ILD or IIMs-associated ILD.  
 
  
  Overall population 

(n=253) 
IIMs-NOT 

ILD 
(n=128) 

IIMs-ILD 
(n=125) p 

Female - n (%) 183 (72) 94 (73) 89 (71) 0.69 

Age at diagnosis - yr 55 (46 - 66) 54 (41 - 67) 57 (49 - 66) 0.056 

Follow-up duration - yr 6 (3 - 10) 6 (3 - 10) 5 (3 - 9) 0.44 

Muscle biopsy - n (%) 108 (43) 70 (55) 38 (30) <0.0001 

Muscle biopsy abnormalities - 
n (%) 95 (38) 62 (48) 33 (26) <0.0001 

Magnetic resonance imaging 
(MRI) - n (%) 109 (43) 65 (51) 44 (35) 0.01 

MRI abnormalities - n (%) 96 (40) 63 (49) 33 (26) 0.0002 

Myositis (biopsy and/or MRI) - 
n (%) 155 (61) 97 (76) 58 (46) <0.0001 

Polymyositis  – n (%) 67 (27) 41 (32) 26 (21) 0.047 

Dermatomyositis – n (%) 96 (38) 67 (52) 29 (23) <0.0001 

Inclusion body myositis – n (%) 5 (2) 5 (4) 0 (0) 0.06 

Necrotizing autoimmune 
myopathy – n (%) 8 (3) 8 (6) 0 (0) 0.007 
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Anti-synthetase Syndrome – n 
(%) 

77 (30) 7 (5) 70 (56) <0.0001 

History of cancer – n (%) 37 (15) 20 (16) 17 (14) 0.64 

Arthralgia - n (%) 128 (51) 53 (41) 75 (60) 0.003 

Arthritis - n (%) 53 (21) 15 (12) 38 (30) 0.0003 

Muscular weakness - n (%) 171 (68) 99 (77) 72 (58) 0.001 

Fever - n (%) 48 (19) 15 (12) 33 (26) 0.004 

Fatigue- n (%) 119 (47) 60 (47) 59 (47) 0.99 

Heliotropic rash - n (%) 74 (29) 56 (44) 18 (14) <0.0001 

Gottron’s papules - n (%) 40 (16) 23 (18) 17 (14) 0.39 

Gottron’s sign - n (%) 37 (15) 24 (19) 13 (10) 0.08 

Mechanic’s hands - n (%) 30 (12) 4 (3) 26 (21) <0.0001 

Raynaud's phenomenon (RP) - 
n (%) 

47 (19) 16 (13) 31 (25) 0.02 

Dysphonia - n (%) 9 (4) 3 (2) 6 (5) 0.33 

Dysphagia - n (%) 58 (23) 42 (33) 16 (13) 0.0002 

Xerostomia - n (%) 23 (9) 9 (7) 14 (11) 0.28 

Xerophthalmia - n (%) 21 (8) 8 (6) 13 (10) 0.26 

Dyspnea - n (%) 68 (27) 8 (6) 60 (48) <0.0001 

Cough - n (%) 26 (10) 2 (1) 24 (19) <0.0001 

CPK at diagnosis - U/L 674 (128 - 3268) 1264 (173 - 
4960) 

433 (100 - 
2255) 0.001 

MMT-8 at diagnosis 140 (120-150) 133.5 (112-
148) 

148 (130-
150) <0.0001 

Myositis-specific antibodies - n 
(%) 

138 (55) 51 (40) 87 (70) <0.0001 

Myositis-associated antibodies 
- n (%) 

87 (34) 12 (9) 75 (60) <0.0001 

Anti-synthetase - n (%) 120 (47) 47 (37) 73 (58) 0.0003 

Antinuclear antibodies - n (%) 162 (64) 74 (58) 88 (70) 0.049 

Anti-Jo-1 - n (%) 63 (25) 7 (5) 56 (45) <0.0001 

Anti-PL12 - n (%) 13 (5) 4 (3) 9 (7) 0.14 

Anti-PL7 - n (%) 14 (6) 6 (5) 8 (6) 0.55 

Anti - PM/Scl - n (%) 29 (11) 12 (9) 17 (14) 0.29 

Anti-SSA/Ro - n (%) 80 (32) 23 (18) 57 (46) <0.0001 

Anti-SSB/La - n (%) 10 (4) 6 (5) 4 (3) 0.54 
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Anti-U1RNP – n (%) 9 (3) 6 (5) 3 (2) 0.33 

Anti-Ku - n (%) 9 (3) 4 (3) 5 (4) 0.71 

Anti-TIF1γ - n (%) 7 (3) 6 (5) 1 (1) 0.12 

Anti-Ro52 - n (%) 44 (17) 11 (8) 33 (26) 0.0002 

Anti-MDA5 - n (%) 10 (4) 1 (1) 9 (7) 0.01 

Anti-EJ - n (%) 4 (1.5) 1 (1) 3 (2) 0.37 

Anti-SRP - n (%) 16 (6) 12 (9) 4 (3) 0.07 

Anti-Mi2 - n (%) 21 (8) 17 (13) 4 (3) 0.005 

Anti-SAE1 - n (%) 3 (1) 3 (2) 0 0.25 
Values are expressed as numbers and (%) or median and ranges, as appropriate.  Chi squared test 
and Fisher t test (n < 5) were used for categorical variables. Mann-Whitney U test was used for 
continuous variables. CPK, Creatine PhosphoKinase; MDA5, anti-melanoma differentiation-
associated gene; MMT, manual muscle testing. SAE, small ubiquitin-like modifier-1 activating 
enzyme; SRP, signal recognition particle TIF1γ, transcription intermediary factor 1-gamma. 
 

Serological and clinical features in patients with and without ILD 

Patients affected with ILD more frequently had MSAs and MAAs 

(p<0.0001 for both), and antinuclear and antisynthetase antibodies positivity 

(p=0.0003) (Table 1). Considering antibody specificity, anti-Jo1 (p<0.0001), anti-

SSA/Ro (p<0.0001), anti-Ro52 (p=0.0002) and anti-MDA5 (p=0.01) were more 

frequently found in IIMs patients with ILD than in those without. By contrast, anti-

Mi 2 was more frequently detected in patients without ILD (p=0.005). CPK values 

were higher and MMT-8 score was lower at IIM diagnosis in patients without ILD, 

with the histological and/or MRI findings specific for myositis in a higher 

percentage of patients without ILD compared to IIMs with ILD (p<0.0001). 

Patients with ILD more frequently had fever, articular involvement, Raynaud’s 

phenomenon and mechanic’s hands. By contrast, dysphagia and heliotrope rash 

were more frequently reported in patients without ILD (Table 1).  

 

Factors associated with ILD at univariate and multivariate analysis 

At univariate analysis for the development of ILD (Table 2), age at 

diagnosis, anti-Jo1, anti-Ro52, anti-MDA5, Raynaud’s phenomenon and 

mechanic’s hands, as well as articular involvement  were associated with ILD. By 

contrast, anti-Mi 2 positivity, muscular involvement, dysphagia and heliotrope rash 

were more frequent in patients without ILD.  
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The multivariate analysis identified higher values of MMT-8, anti-Jo1, anti-

MDA5, and anti-Ro52 positivity, Raynaud’s phenomenon and mechanic’s hands as 

variables independently associated with ILD in patients with IIMs. Heliotrope rush 

resulted in an independent protective factor for the occurrence of ILD (Table 2). 

 

Table 2. Predictive factors of IIMs-associated ILD in the overall population 
  
  Univariate analysis Multivariate analysis 

  OR (95% IC) p OR (95% IC) p 

Sex - (male vs. female) 1.14 (0.66 – 1.98) 0.62 - - 

Age at diagnosis (yr, ≥ 55 vs. < 55) 1.71 (1.04 – 2.80) 0.03 1.62 (0.73 – 3.57) 0.22 

CPK at diagnosis – U/L 1.0 (1.0 – 1.0) 0.36 - - 

Antinuclear antibodies (yes vs. no) 1.62 (0.95 – 2.75) 0.07 1.55 (0.68 – 3.51) 0.29 

Anti - Jo-1 (yes vs. no) 13.1 (5.64 – 30.2) < 0.0001 4.48 (1.09 – 19.1) 0.04 

Anti - Ro52 (yes vs. no) 5.64 (2.74 – 
11.60) < 0.0001 3.90 (1.42 – 10.7) 0.008 

Anti-MDA5 (yes vs. no) 9.30 (1.16 – 74.6) 0.03 10.9 (1.09 – 
107.8) 0.04 

Anti-Mi 2 (yes vs. no) 0.20 (0.06 – 0.62) 0.005 0.34 (0.06 – 1.98) 0.23 

Arthritis (yes vs. no) 3.33 (1.69 – 6.53) < 0.0001 0.97 (0.30 – 3.07) 0.96 

Muscular weakness (yes vs. no) 0.37 (0.21 – 0.66) 0.001 0.68 (0.28 – 1.63) 0.39 

Heliotrope rash (yes vs. no) 0.20 (0.11 – 0.37) < 0.0001 0.25 (0.08 – 0.77) 0.01 

Dysphagia (yes vs. no) 0.28 (0.15 – 0.54) < 0.0001 0.51 (0.19 – 1.37) 0.18 

Mechanic’s hands (yes vs. no) 7.67 (2.58 – 22.7) < 0.0001 8.56 (1.95 – 37.6) 0.004 

Raynaud's phenomenon (yes vs. 
no) 2.32 (1.18 – 4.57) 0.01 3.17 (1.22 – 7.66) 0.02 

MMT-8 1.02 (1.01 – 1.04) < 0.0001 1.02 (1.00 -1.04) 0.03 
Values are expressed as OR (95%CI). Logistic regression analysis was used to determine the 
relationship between clinical data and the occurrence of pulmonary involvement.  
CPK, Creatine PhosphoKinase; MDA5, anti-melanoma differentiation-associated gene; MMT, 
manual muscle testing.  
 

Radiological patterns 

In 78 of 125 (62%) of IIM-ILD patients HRCT scan was available at 

baseline for our radiological evaluation. Based on the predominant radiologic 

pattern, patients were grouped in GGO (n=39, 50%), FC (n=22, 28%), and C (n=17, 
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22%) groups. Demographic, clinical, serological and functional data are 

summarized in Table 3.  

The three groups did not differ in regards of sex, age, both at IIM and ILD diagnosis, 

and lag-time from onset of rheumatologic symptoms to IIM diagnosis. The groups 

did not differ neither for the IIM diagnosis, with a prevalence of patients affected 

by aSS in all the three groups. The C group anticipated the diagnosis of IIM [0 

years, range (-8 – 0)] compared to GGO [0 (-1 – 24), p=0.01], but not to FC [0 (-5 

– 13)]. Moreover, the C group displayed a significant increase of creatine 

phosphokinase (CPK) levels compared to FC (1380 U/L vs. 121; p=0.01), but not 

to GGO (252 U/L; p=ns). However, the absolute number of patients with CPK 

elevation did not differ between the groups. C presented a lower manual muscular 

test (MMT) compared to GGO (120 vs.145; p=0.008) and FC (150; p=0.003) while 

FC group presented fewer patients with an impaired MMT value compared to GGO 

(36% vs 59%; p=0.04) and compared to C (82% C, p=0.004).  

GGO presented more preserved FVC% pred. value compared to FC [89% 

pred., (57 – 132) vs 74 (53 – 117); p = 0.007] and C [72 (54 – 109; p = 0.003]. 

When IIM-ILD population with available CT scan was grouped based on the three 

more frequent IIM diagnosis (PM, DM and ASS) no difference in clinical and 

radiological presentation was evident among groups (Table 1 Supplement). 

IIM-ILD population, sub-grouped for radiological presentation, did not 

differ regarding autoantibody positivity, with the exception of anti-SSB antibodies 

which were present only in 2 (12%) C patients (p=0.04) (Table 2 Supplement). 

Regarding symptoms at IIM diagnosis, the three groups differed regarding myalgia 

(p=0.001), and asthenia (p=0.02), in both cases with FC group presenting a 

significantly minor prevalence of the symptom (Table 3 Supplement). At ILD 

diagnosis, the groups differed regarding dyspnea (p=0.006), with a lower 

prevalence in the GGO patient, and arthritis (p=0.006), with GGO patients 

presenting a significant prevalence of the symptom (Table 4 Supplement). 

 

Table 3. Baseline demographics and functional parameters of IIM-ILD 
population, categorized among radiological patterns.  
 

 
Total 

population 
n=78 

GGO 
n=39 

Fibrotic 
n=22 

Consolidati
on 

n=17 

p 
value 

Male - n (%) 23 (29) 12 (31) 6 (27) 5 (29) 0.96 Female – n (%) 55 (71) 27 (69) 16 (73) 12 (71) 
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Age at myositis diagnosis 
- years 57 (50-66) 57 (51-

64) 58 (48-70) 57 (50-62)  0.90 

Age at ILD diagnosis – 
years 57 (50-66) 57 (51-

64) 60 (49-69) 57 (50-62)  0.70 

Lag time symptoms-
diagnosis - years 0 (0-1) 0.5 (0-1) 0 (0-1) 0 (0-1)  0.17 

Time from myositis 
diagnosis to ILD - years 0 (-8 - 24) 0 (-1-24) 0 (-5-13) 0 (-8-0)  0.04 

Follow up duration - 
years 4 (2-6) 5 (3-7) 5.5 (3-7) 3 (2-3) 0.055 

PM - n (%) 17 (22) 9 (23) 6 (27) 2 (12) 
0.34 DM - n (%) 20 (26) 13 (33) 3 (14) 4 (24) 

aSS - n (%) 41 (53) 17 (44) 13 (59) 11 (65) 

CPK at diagnosis – U/L 567 (100-
2117) 

525 (139-
2005) 121 (80-672) 1380 (157-

3339) 0.04 

CPK increase at diagnosis 
– n (%) 47 (60) 25 (64) 10 (45) 12 (71) 0.22 

MMT at diagnosis 145 (122-
150) 

145 (134-
150) 

150 (135-
150) 

120 (105-
146) 0.005 

MMT reduced at 
diagnosis – n (%) 45 (58) 23 (59) 8 (36) 14 (82) 0.02 

Myositis (biopsy and/or 
MR) - n (%) 42 (54) 19 (49) 11 (50) 12 (71) 0.29 

Immunosuppression at 
ILD diagnosis n - % 41 (53) 20 (51) 13 (59) 8 (47) 0.74 

FVC at ILD diagnosis - L 2.56 (2.16-
3.21) 

2.92 
(2.44-
3.23) 

2.56 (1.7-
2.83) 

2.38 (2.18-
2.67) 0.08 

FVC at ILD diagnosis - 
% pred. 84 (70-94) 89 (80-

111) 74 (60-92) 72 (58-88)  0.003 

TLC at ILD diagnosis – L 4.43 (3.56-
4.97) 

4.58 
(3.89-
5.55) 

4.17 (3.25-
4.79) 

4.59 (3.54-
4.68) 0.45 

TLC at ILD diagnosis - 
% pred. 81 (65-90) 85 (71-

99) 75 (61-89) 82 (69-86) 0.13 

DLCO at ILD diagnosis - 
% pred. 58 (42-69) 58 (46-

77) 49 (40-66) 58 (45-66) 0.41 

KCO at ILD diagnosis - 
% pred. 81 (64-90) 78 (61-

94) 78 (62-85) 86 (74-88) 0.74 

Deaths – n (%) 1 (1) 0 (0) 1 (5) 0 (0) na 
Values are expressed as numbers and (%) or median and 25th - 75th , as appropriate.  Chi square test 
and Fisher t test (n < 5) for categorical variables and Kruskal-Wallis test for continuous variables 
were used.  
 
 

 

Evaluation of Fibrosis Progression 

A functional and radiological one-year follow-up was available in 79 

patients. Patients were grouped as progressors (n=14, 18%), when they presented 

at least two between FVC% reduction equal or major of 5% at 1-year follow-up, 

progression toward fibrosis at chest CT scans, and worsening of symptoms, 

characterizing a progressive pulmonary fibrosis. Patients not presenting these 
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features were categorized as stable/improved (n=65, 82%). Demographic, clinical, 

serological and functional data are summarized in Table 4.  

The groups did not differ in regards of sex, age, both at IIM and ILD 

diagnosis, and lag-time from insurgency of rheumatologic symptoms to IIM 

diagnosis, or from IIM diagnosis and ILD diagnosis. Progressors and 

stable/improved patients did not differ either for the IIM diagnosis. Three (3 – 4%) 

patients died during the follow-up, 1 (7%) in the progressors group, 2 (3%) in the 

stable/improved, with no statistically significant difference. The two populations 

presented no significant difference regarding signs of muscle injury, such as CPK 

increasing or MMT impairment at IIM diagnosis, nor they differed regarding 

functional values at ILD diagnosis.  

Autoantibody positivity, alongside rheumatologic impairment, both at ILD 

diagnosis, are summarized in the online supplement (Table 5 Supplement). The 

progressors group presented a higher prevalence of anti-MDA5 antibodies 

compared to stables (29% vs 6%, p=0.03), with no other significant differences 

among other autoantibodies. Regarding symptoms at IIM diagnosis, the progressors 

group presented a higher prevalence of xerophthalmia and xerostomia compared to 

stables (29% vs. 8%, p=0.047 for both cases). The major prevalence in the 

progressors group of xerophthalmia (29% vs 5%, p=0.02) and xerostomia (36% vs 

6%, p=0.007) was confirmed at ILD diagnosis. Furthermore, at ILD diagnosis the 

progressors presented a higher prevalence of heliotrope rash (29% vs. 5%, p=0.02). 

Regarding pharmacological treatment, the two groups did not differ during the first 

year after ILD diagnosis, as summarized in (Table 6 Supplement). Both groups used 

steroids in a high percentage of cases (93 vs 86%, p=0.49) with similar initiation 

dosages, 25 mg die in both groups. The second most used drug was Mycophenolate 

with similar prevalence both in progressor than in stable/improve groups (36 vs 

32%, p=0.81).  

 

Table 4. Baseline demographics and functional parameters of the IIM-ILD 
population, categorized in progressors and stable/improve.  
  

Total 
population 

n=79 

Progressors 
n=14 

Stable/improve 
n=65 

p 
value 

Male – n (%) 24 (30) 5 (36) 19 (29) 0.75 Female – n (%) 55 (70) 9 (64) 46 (71) 
Age at diagnosis - years 57 (18 - 83) 57.5 (44 - 81) 57 (18 - 83) 0.82 
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Age at ILD diagnosis - 
years 58 (18 - 80) 57 (44 - 80) 58 (18 - 79) 0.99 

Lag time symptoms-
diagnosis - years 0 (0 – 16) 0.25 (0 – 5) 0 (0 – 16) 0.34 

Time from diagnosis to 
ILD - years 0 (-8 – 24) 0 (-3 – 1) 0 (-8 – 24) 0.23 

Follow up duration - years 4 (0 – 32) 2 (0.25 – 13) 5 (0 – 32) 0.047 
PM - n (%) 16 (20) 3 (21) 13 (20) 

0.95 DM - n (%) 15 (19) 3 (21) 12 (18) 
ASS - n (%) 48 (61) 8 (57) 40 (62) 
CPK at diagnosis – U/L 179 (31 – 

7000) 128 (40 – 4500) 400 (31 – 7000) 0.30 

CPK increase at diagnosis 
– n (%) 38 (48) 5 (36) 33 (51) 0.38 

MMT at diagnosis 150 (70 – 150) 150 (70 - 150) 150 (70 - 150) 0.88 
MMT reduced at diagnosis 
– n (%) 38 (48) 6 (43) 32 (49) 0.77 

Myositis (biopsy and/or 
MR) - n (%) 34 (43) 3 (21) 31 (48) 0.08 

FVC at ILD diagnosis - L 2.58 (1.21 – 
4.22) 

3.27 (1.56 – 
4.08) 

2.57 (1.21 – 
4.22) 0.29 

FVC at ILD diagnosis - % 
pred. 84 (47 – 146) 89 (53 – 146) 83 (47 – 121) 0.36 

TLC at ILD diagnosis - L 4.43 (2.22 – 
7.30) 

4.27 (3.06 – 
5.39) 

4.54 (2.22 – 
7.30) 0.78 

TLC at ILD diagnosis - % 
pred. 80 (47 – 126) 79 (62 – 126) 80 (47 – 119) 0.94 

DLCO at ILD diagnosis - 
% pred. 58 (28 – 102) 59 (35 – 91) 55 (21 – 102) 0.68 

KCO at ILD diagnosis - % 
pred. 78 (42 – 143) 83 (66 – 99) 77 (42 – 143) 0.51 

Immunosuppression at 
ILD diagnosis - n (%) 38 (48) 5 (36) 33 (51) 0.38 

Deaths - n (%) 3 (4) 1 (7) 2 (3) 0.45 
Values are expressed as numbers and (%) or median and Q1-Q3 as appropriate.  Chi square test and 
Fisher t test (n < 5) for categorical variables and Mann-Whitney U test for continuous variables were 
used. *progression was defined as annual FVC%pred. decline >= 5% or radiological impairment 
after 12 months of follow up. 
 
 

Univariate and Multivariate Evaluation of Fibrosis Progression Risk 

At univariate analysis for progression towards fibrosis (Table 5), anti-

MDA5 (OR: 6.10; 95%CI 1.30 – 28.4, p=0.02), heliotrope rash at ILD diagnosis 

(8.00; 95%CI 1.55 – 41.23, p=0.01), and xerostomia and xerophthalmia at ILD 

diagnosis (8.19; 95%CI 1.84 – 36.36, p=0.006; and 8.00; 95%CI 1.55 – 41.2, 

p=0.01, respectively), were associated with progression. However, any of the 

features statistically significant at the univariate analysis was confirmed as an 

independent predictor of progression towards fibrosis at the multivariate analysis.  
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Table 5. Predictive factors of progression in IIM-ILD population. 
 

  
  

Univariate analysis Multivariate analysis 

  OR (95% IC) p OR (95% IC) p 

Sex – (male vs female) 1.34 (0.39 – 4.54) 0.63 - - 

Age at diagnosis ILD (yr, ≥ 

58 vs < 58) 0.50 (0.15 – 1.67) 0.26 - - 

Time from diagnosis to ILD 
- years 0.87 (0.65 – 1.17) 0.38 - - 

Anti - MDA5 (yes vs no) 6.10 (1.30 – 28.4) 0.02 4.00 (0.53 – 29.8) 0.17 

Mechanic hands (yes vs no) 1.09 (0.26 – 4.48) 0.90 - - 

CPK at myositis diagnosis 1.00 (0.99 – 1.00) 0.40 - - 

MMT at diagnosis 0.99 (0.96 – 1.02) 0.75 - - 

Heliotropic rash at ILD 
diagnosis (yes vs no) 8.00 (1.55 – 41.23) 0.01 0.87 (0.13 – 5.65) 0.88 

Xerostomia at ILD diagnosis 
(yes vs no) 8.19 (1.84 – 36.36) 0.006 2.61 (0.23 – 28.6) 0.43 

Xerophtalmia at ILD 
diagnosis (yes vs no) 8.00 (1.55 – 41.2) 0.01 1.17 (0.08 – 16.1) 0.90 

GGO (yes vs no) 0.72 (0.19 – 2.73) 0.63 - - 

Fibrotic (yes vs no) 2.50 (0.68 – 9.08) 0.16 - - 

Consolidation (yes vs no) 0.50 (0.09 – 2.57) 0.40 - - 

FVC (% pred.)  1.02 (0.99 – 1.05) 0.18 - - 

FVC (L) 1.95 (0.67 – 5.70) 0.22 - - 

DLCO (% pred.) 1.07 (0.97 – 1.04) 0.70 - - 
Values are expressed as OR (95%CI). Logistic regression analysis was used to determine the 
relationship of clinical data and the occurrence of progressive phenotype. 
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SUPPLEMENTARY MATERIAL 
Table S1. Baseline demographics and functional parameters of the IIM-ILD population, 
categorized among myositis diagnosis.  
  

Total 
population 

n=78 

PM 
n=17 

DM 
n=20 

aSS 
n=41 

p 
value 

Male - n (%) 23 (29) 6 (35) 7 (35) 10 (24) 0.58 Female - n (%) 55 (71) 11 (65) 13 (65) 31 (76) 
Age at myositis diagnosis - 
years 57 (50-66) 62 (53-

71) 
57 (51-

60) 
57 (50-

65) 0.25 

Age at ILD diagnosis - years 57 (50-66) 62 (57-
69) 

57 (53-
61) 

57 (50-
65) 0.22 

Lag time symptoms-diagnosis 
- years 0 (0-1) 0.5 (0-1) 0 (0-1) 0 (0-1) 0.51 

Time from myositis diagnosis 
to ILD - years 0 (0-0) 0 (-1-1) 0 (0-1) 0 (0-0) 0.14 

Follow up duration - years 4 (2-6) 6 (3-6) 4 (3-7) 4 (2-6) 0.55 
GGO - n (%) 17 (22) 9 (53) 13 (65) 17 (41) 

0.33 FC - n (%) 20 (26) 6 (35) 3 (15) 13 (32) 
C - n (%) 41 (53) 2 (12) 4 (20) 11 (27) 
CPK at diagnosis – U/L 567 (100-

2117) 
484 (102-

1257) 
659 (97-

1383) 
532 (100-

3099) 0.67 

CPK increase at diagnosis – 
n (%) 47 (60) 9 (53) 13 (65) 25 (61) 0.75 

MMT at diagnosis 145 (122-
150) 

150 (130-
150) 

143 (129-
150) 

145 (121-
150) 0.90 

MMT reduced at diagnosis – 
n (%) 45 (58) 8 (47) 12 (60) 24 (59) 0.68 

Myositis (biopsy and/or MR) 
- n (%) 42 (54) 10 (59) 12 (60) 20 (49) 0.64 

Immunosuppression at ILD 
diagnosis - n (%) 41 (53) 9 (53) 14 (70) 18 (44) 0.16 

FVC at ILD diagnosis - L 2.56 (2.16-
3.21) 

2.54 
(2.11-
3.19) 

2.83 
(2.57-
3.2) 

2.55 
(2.16-
3.21) 

0.36 

FVC at ILD diagnosis - % 
pred. 84 (70-94) 86 (74-

96) 
87 (77-

95) 
83 (57-

93) 0.26 

TLC at ILD diagnosis - L 4.43 (3.56-
4.97) 

4.67 
(4.06-
5.11) 

4.62 
(3.70-
5.53) 

4.20 
(3.25-
4.64) 

0.31 

TLC at ILD diagnosis - % 
pred. 81 (65-90) 82 (70-

98) 
81 (70-

92) 
79 (63-

88) 0.41 

DLCO at ILD diagnosis - % 
pred. 58 (42-69) 68 (52-

79) 
50 (42-

63) 
56 (38-

65) 0.08 

KCO at ILD diagnosis - % 
pred. 81 (64-90) 87 (84-

94) 
75 (68-

85) 
73 (55-

88) 0.10 

Deaths – n (%) 1 (1) 1 (6) 0 (0) 0 (0) 0.22 
Values are expressed as numbers and (%) or median and Q1-Q3 as appropriate.  Chi square test 
and Fisher t test (n < 5) for categorical variables and Kruskal-Wallis test for continuous variables 
were used.  
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Table S2. Baseline Autoantibody Positivity of the IIM-ILD population, categorized among 
radiological pattern. 
  

Total 
population 

n=78 

GGO 
n=39 

Fibrotic 
n=22 

Consolidation 
n=17 

p 
value 

Myositis-specific 
antibodies - n (%) 54 (69) 27 

(69) 14 (63) 13 (76) 0.69 

Myositis-associated 
antibodies - n (%) 47 (60) 21 

(54) 14 (63) 12 (71) 0.46 

Anti-synthetase - n (%) 40 (51) 21 
(54) 9 (41) 10 (59) 0.49 

ENA - n (%) 51 (65) 23 
(59) 15 (68) 13 (76) 0.43 

ANA - n (%) 53 (68) 28 
(72) 13 (59) 12 (71) 0.57 

Anti- Jo1 - n (%) 32 (41) 14 
(36) 9 (41) 9 (53) 0.49 

Anti - PL12 - n (%) 6 (8) 2 (5) 4 (18) 0 (0) 0.09 
Anti - PL7 - n (%) 6 (8) 4 (10) 1 (5) 1 (6) 0.86 
Anti - Pm/scl - n (%) 12 (15) 6 (15) 4 (18) 2 (12) 0.92 
Anti - SSA - n (%) 32 (41) 15 

(38) 7 (32) 10 (59) 0.21 

Anti - SSB - n (%) 2 (2) 0 (0) 0 (0) 2 (12) 0.04 
Anti - U1RNP - n (%) 2 (2) 1 (3) 0 (0) 1 (6) 0.46 
Anti - Ku - n (%) 3 (4) 3 (8) 0 (0) 0 (0) 0.30 
Anti - ALP - n (%) 0 (0) 0 (0) 0 (0) 0 (0) na 
Anti - TIF1G - n (%) 1 (1) 1 (3) 0 (0) 0 (0) 1.00 
Anti - Ro52 - n (%) 28 (36) 11 

(28) 7 (32) 10 (59) 0.08 

Anti - MDA5 - n (%) 7 (9) 4 (10) 0 (0) 3 (18) 0.13 
Anti - EJ - n (%) 1 (1) 1 (3) 0 (0) 0 (0) 1.00 
Anti - SRP - n (%) 2 (2) 1 (3) 1 (5) 0 (0) 1.00 
Anti - ASMA - n (%) 0 (0) 0 (0) 0 (0) 0 (0) na 
Anti - MI2 - n (%) 3 (4) 3 (8) 0 (0) 0 (0) 0.30 
Anti - SAE1 - n (%) 0 (0) 0 (0) 0 (0) 0 (0) na 
Anti - PM1 - n (%) 0 (0) 0 (0) 0 (0) 0 (0) na 

Values are expressed as numbers and (%). Chi square test and Fisher t test (n < 5) for categorical 
variables was used.  
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Table S3. Baseline Rheumatologic Impairment of the IIM-ILD population at myositis 
diagnosis, categorized among radiological pattern. 
  

Total 
population 

n=78 

GGO 
n=39 

Fibrotic 
n=22 

Consolidation 
n=17 

p 
value 

Myalgia - n (%)  40 (51) 24 
(62) 4 (18) 12 (71) 0.001 

Muscular Asthenia - n (%) 47 (59) 25 
(64) 9 (41) 13 (76) 0.06 

Asthenia - n (%) 39 (49) 21 
(54) 6 (27) 12 (71) 0.02 

Dyspnea - n (%) 36 (46) 17 
(44) 9 (41) 10 (59) 0.49 

Cough - n (%) 19 (24) 8 (21) 6 (27) 5 (29) 0.72 
Dysphonia - n (%) 4 (5) 2 (5) 2 (9) 0 (0) 0.66 
Dysphagia - n (%) 12 (15) 4 (10) 5 (23) 3 (18) 0.39 
Fever - n (%) 21 (27) 10 

(26) 5 (23) 6 (35) 0.66 

Weight loss - n (%) 15 (19) 5 (13) 4 (18) 6 (35) 0.15 
Athralgia - n (%) 45 (57) 24 

(62) 12 (55) 9 (53) 0.79 

Arthritis - n (%) 26 (33) 18 
(46) 4 (18) 4 (24) 0.06 

Mechanic hands - n (%) 19 (24) 9 (23) 4 (18) 6 (35) 0.45 
Heliotropic rash - n (%) 15 (19) 7 (18) 4 (18) 4 (24) 0.87 
Raynaud’s phenomenon - 
n (%)  19 (24) 10 

(26) 5 (23) 4 (24) 1.00 

Gottron’s sign - n (%) 10 (13) 5 (13) 2 (9) 3 (18) 0.82 
Gottron’s papules – n (%)  10 (13) 5 (13) 1 (5) 4 (24) 0.22 
Calcinosis - n (%) 2 (3) 1 (3) 0 (0) 1 (6) 0.47 
Neuropaty - n (%) 8 (10) 3 (8) 2 (9) 3 (18) 0.55 
Xeroftalmia - n (%) 12 (15) 6 (15) 2 (9) 4 (24) 0.47 
Xerostomia - n (%) 9 (11) 5 (13) 1 (5) 3 (18) 0.37 
Uveitis - n (%) 0 (0) 0 (0) 0 (0) 0 (0) na 
Myocarditis - n (%) 2 (3) 2 (5) 0 (0) 0 (0) 0.70 

 
Values are expressed as numbers and (%). Chi square test and Fisher t test (n < 5) for categorical 
variables was used.  
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Table S4. Baseline Rheumatologic Impairment of the IIM-ILD population at ILD diagnosis, 
categorized among radiological pattern. 
  

Total 
population 

n=78 

GGO 
n=39 

Fibrotic 
n=22 

Consolidation 
n=17 

p 
value 

Myalgia - n (%)  36 (46) 18 
(46) 7 (32) 11 (65) 0.12 

Muscular Asthenia - n (%) 35 (44) 15 
(38) 9 (41) 11 (65) 0.17 

Asthenia - n (%) 44 (56) 19 
(49) 14 (64) 11 (65) 0.39 

Dyspnea - n (%) 40 (51) 13 
(33) 15 (68) 12 (71) 0.006 

Cough - n (%) 22 (28) 9 (23) 7 (32) 6 (35) 0.59 
Dysphagia - n (%) 10 (13) 6 (15) 1 (5) 3 (18) 0.44 
Fever - n (%) 17 (22) 7 (18) 5 (23) 5 (29) 0.63 
Athralgia - n (%) 50 (63) 25 

(64) 15 (68) 10 (59) 0.83 

Arthritis - n (%) 20 (25) 16 
(41) 3 (14) 1 (6) 0.006 

Mechanic hands - n (%) 16 (20) 9 (23) 3 (14) 4 (24) 0.71 
Heliotropic rash - n (%) 11 (14) 5 (13) 3 (14) 3 (18) 0.91 
Raynaud’s phenomenon - 
n (%)  19 (24) 10 

(26) 6 (27) 3 (18) 0.76 

Gottron’s sign - n (%) 8 (10) 4 (10) 2 (9) 2 (12) 1.00 
Gottron’s papules – n (%)  11 (14) 6 (15) 1 (5) 4 (24) 0.24 
Neuropaty - n (%) 6 (8) 2 (5) 3 (14) 1 (6) 0.54 
Xeroftalmia - n (%) 7 (9) 5 (13) 0 (0) 2 (12) 0.19 
Xerostomia - n (%) 9 (11) 6 (15) 2 (9) 1 (6) 0.65 
Myocarditis - n (%) 1 (1) 1 (3) 0 (0) 0 (0) 1.00 

Values are expressed as numbers and (%). Chi square test and Fisher t test (n < 5) for categorical 
variables was used.  
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Table S5. Baseline rheumatological blood samples at symptoms at ILD diagnosis of the IIM-
ILD population, categorized in progressors and stable/improve. 
  

Total 
population 

n=79 

Progressors 
n=14 

Stable/improve 
n=65 

p 
value 

Myositis-specific antibodies - n 
(%) 59 (75) 11 (79) 48 (74) 0.38 

Myositis-associated antibodies 
- n (%) 44 (56) 5 (36) 39 (60) 0.14 

Anti-synthetase - n (%) 51 (65) 8 (57) 43 (66) 0.55 
ENA - n (%) 60 (76) 11 (79) 49 (75) 0.99 
ANA - n (%) 56 (71) 8 (57) 48 (74) 0.33 
Anti- Jo1 - n (%) 36 (46) 5 (36) 31 (48) 0.56 
Anti - PL12 - n (%) 7 (9) 2 (14) 5 (8) 0.60 
Anti - PL7 - n (%) 7 (9) 1 (7) 6 (9) 0.99 
Anti - Pm/scl - n (%) 13 (16) 0 (0) 13 (20) 0.11 
Anti - SSA - n (%) 37 (47) 6 (43) 31 (48) 0.78 
Anti - SSB - n (%) 4 (5) 0 (0) 4 (6) 1.00 
Anti - U1RNP - n (%) 3 (4) 1 (7) 2 (3) 0.45 
Anti - Ku - n (%) 3 (4) 1 (7) 2 (3) 0.45 
Anti - ALP - n (%) 0 (0) 0 (0) 0 (0) na 
Anti - TIF1G - n (%) 0 (0) 0 (0) 0 (0) na 
Anti - Ro52 - n (%) 28 (35) 4 (29) 24 (37) 0.76 
Anti - MDA5 - n (%) 8 (10) 4 (29) 4 (6) 0.03 
Anti - EJ - n (%) 1 (1) 0 (0) 1 (2) 0.99 
Anti - SRP - n (%) 4 (5) 1 (7) 3 (5) 0.55 
Anti - ASMA - n (%) 0 (0) 0 (0) 0 (0) na 
Anti - MI2 - n (%) 3 (4) 0 (0) 3 (5) 1.00 
Anti - SAE1 - n (%) 0 (0) 0 (0) 0 (0) na 
Anti - PM1 - n (%) 1 (1) 0 (0) 1 (2) 0.99 
Myalgia - n (%)  30 (34) 5 (36) 25 (38) 0.85 
Muscular Asthenia - n (%) 35 (44) 6 (43) 29 (45) 0.90 
Asthenia - n (%) 40 (51) 7 (50) 33 (51) 0.96 
Dyspnea - n (%) 46 (58) 8 (47) 38 (54) 0.93 
Cough - n (%) 27 (34) 4 (29) 23 (35) 0.76 
Dysphagia - n (%) 6 (8) 2 (14) 4 (6) 0.28 
Fever - n (%) 20 (25) 3 (21) 17 (26) 0.71 
Athralgia - n (%) 52 (66) 9 (64) 43 (66) 0.89 
Arthritis - n (%) 19 (24) 5 (36) 14 (22) 0.31 
Mechanic hands - n (%) 18 (23) 4 (29) 14 (22) 0.73 
Heliotropic rash - n (%) 7 (9) 4 (29) 3 (5) 0.02 
Raynaud’s phenomenon - n 
(%)  18 (23) 2 (14) 16 (25) 0.63 

Gottron’s sign - n (%) 6 (8) 1 (7) 5 (8) 0.94 
Gottron’s papules – n (%)  8 (10) 2 (14) 6 (9) 0.63 
Neuropathy - n (%) 4 (5) 0 (0) 4 (6) 1.00 
Xerophthalmia - n (%) 7 (9) 4 (29) 3 (5) 0.02 
Xerostomia - n (%) 9 (11) 5 (36) 4 (6) 0.007 
Myocarditis - n (%) 1 (1) 0 (0) 1 (2) 0.99 
Xerophthalmia - n (%) 9 (11) 4 (29) 5 (8) 0.047 
Xerostomia - n (%) 9 (11) 4 (29) 5 (8) 0.047 
Uveitis - n (%) 0 (0) 0 (0) 0 (0) na 
Myocarditis - n (%) 2 (3) 0 (0) 2 (3) 0.51 

 
Values are expressed as numbers and (%). Chi square test and Fisher t test (n < 5) for categorical 
variables was used. 
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Table 6S. TREATMENT of the IIM-ILD population during the first year after ILD 
diagnosis, categorized in progressors and stable/improve. 
  

Total 
population 

n=79 

Progressors 
n=14 

Stable/improve 
n=65 

p 
value 

Systemic steroids – n (%) 69 (87) 13 (93) 56 (86) 0.49 
• Dose at treatment 

initiation - mg 
25 (12.5 – 

37.5) 
25 (10 – 

37.5) 25 (12.5 – 46.5) 0.61 

Cyclophosphamide – n (%) 9 (11) 1 (7) 8 (12) 0.58 
Methotrexate - n (%) 15 (19) 1 (7) 14 (21) 0.21 
Mycophenolate Mofetil – n (%) 26 (33) 5 (36) 21 (32) 0.81 
Azathioprine - n (%) 11 (14) 1 (7) 10 (15) 0.42 
Cyclosporine – n (%) 5 (6) 0 5 (8) 0.28 
Rituximab – n (%) 9 (11) 1 (7) 8 (12) 0.58 
Intravenous immunoglobulin – 
n (%) 6 (8) 1 (7) 5 (8) 0.94 

Values are expressed as numbers and (%) or median and ranges as appropriate.  Chi square test 
and Fisher t test (n < 5) for categorical variables and Kruskal-Wallis test for continuous variables 
were used.  
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DISCUSSION 

IIMs are an umbrella of clinical conditions characterized by an extremely 

high heterogeneity4,15. 

Although lung disease is the most frequent organ involvement, the risk of 

developing ILD can vary considerably among patients and shared screening 

strategies are lacking. 

ILD occurred in about half (49.4%) of our cohort of patients with IIMs, with 

a slight higher frequency than that reported in a recent monocentric study (31.5%)17. 

This discrepancy may be attributable to the different definition of ILD adopted, as 

the latter study only considered patients with restrictive values (i.e. FVC <80%) on 

PFTs, likely excluding milder forms of ILD. 

Our data suggest older patients at onset of IIMs and those with milder 

myositis and without dysphagia carry a particularly high risk of developing ILD. 

Anti-Jo1 positivity, the most frequent anti-synthetase antibody, was confirmed as 

strongly associated with ILD, as well as anti-Ro52 antibody. The latter has been 

linked to ILD in several connective tissue disorders, not only IIMs, though data on 

its prognostic value are conflicting17,18. It has been debated whether the association 

between anti-Ro52 and ILD could be driven by the frequent concomitant positive 

anti-synthetase antibodies (in particular anti-Jo1)19,20; however, it should be 

emphasized that in our study anti-Ro52 was independently associated with ILD on 

multivariate analysis. There are also conflicting reports on the association between 

ILD and positive anti-MDA5, which has been hypothesized to differ among 

ethnicities (e.g. present in Asians and absent/less strong in Caucasians). In our study 

anti-MDA5 was found to be associated with ILD, highlighting that Caucasian 

patients with anti-MDA5 ought to be to be carefully and promptly screened for ILD, 

also considering the high frequency of rapidly progressive disease course as 

previously reported21. 

Although specific autoantibodies are partially able to identify some subsets 

of IIMs and may therefore guide clinicians in daily practice, it bears noting that the 

detection of several MSAs and MAAs is not yet widely available, especially in non-

referral centers. This underlines the importance for clinicians to identify clinical 

predictors of lung involvement. With this regard, of note, we found that patients 

with mechanic’s hands have a ~15-fold higher risk of developing ILD than those 

without. This association was also recently reported in Asian patients by Huang et 
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al.22,23. Considering the established ethnic differences in the disease phenotype of 

IIMs, it was paramount to further investigate this finding in Caucasian patients. 

Furthermore, although the presence of mechanic’s hands is one of the hallmarks of 

anti-synthetase syndrome24, it is not present in all patients and it may be found in 

other types of IIMs as well. Mechanic’s hands are easily detectable and their 

presence may drive clinicians to thoroughly screen patients for ILD at baseline (e.g. 

by performing HRCT in all IIMs patients presenting this feature) and during follow-

up. Interestingly, our multivariate analysis also revealed that patients with higher 

values of MMT-8 carry a higher ILD risk and another clinical features – i.e. the 

presence of dysphagia – as the only independent protective factor for ILD, further 

supporting that clinical evaluation is a cornerstone in the ILD-risk stratification of 

IIMs patients. 

The first presentation of pulmonary involvement at high-resolution 

Computed Tomography (HRCT) may vary among patients. However, the 

correlation between radiologic features and clinical presentation is a matter of great 

interest.  Of interest in our subgroup of patients we observed that half of the 

population presented GGO as the prevalent radiologic pattern, those patients 

displayed preserved lung function, as compared to patients with predominant 

consolidative and fibrotic pattern. Patients with consolidation at presentation need 

a special attention being associated to muscle injury (higher CPK and lower MMT) 

compared to the other groups and anticipating the diagnosis of IIM. The distribution 

of the three different CT patterns did not differ among polymyositis (PM), 

dermatomyositis (DM) and aSS groups. 

  When we explored disease progression after one year of treatment, we found 

that almost a fifth of the whole IIM-ILD patients developed a progressive 

phenotype. Comparing clinical and serological characteristics, at diagnosis, of the 

two groups (progressors and stable/improved IIM-ILD patients), we observed that 

both were similar regarding demographic, functional data and treatment while Anti-

MDA5 antibodies, heliotropic rash, xerostomia and xerophthalmia are prevalent in 

the progressive phenotype. These findings were confirmed as progression-

associated factors at univariate analysis however, none were confirmed as 

independent risk factors at multivariate analysis. These first evidences suggested 

that clinicians have to consider also clinical parameters as potential variables 

associated to progression. 
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The main strength of our work lies in the large number of patients included, 

given that idiopathic inflammatory myopathies are recognized as rare diseases. 

Furthermore, to the best of our knowledge this is the first large multicenter 

international study evaluating clinical and serological predictors of ILD in 

Caucasian patients affected with IIMs, followed-up for a long observational period. 

We would be remiss not to mention some of the limitations of our study. First, 

although ours are third level reference centers for connective tissue diseases, there 

may have been slight differences in patient management and follow-up among 

centers and in different time periods. Second, given that the study was conducted 

retrospectively on prospectively collected data, a limited percentage of incomplete 

data was tolerated. 

In conclusion, our study confirms the close association between specific 

autoantibodies (anti-Jo1, anti-MDA5 and anti-Ro52) and IIMs-ILD, and of note 

highlighted mechanic’s hands as a strong independent clinical predictor of ILD in 

Caucasian patients affected with IIMs, whereas dysphagia was the strongest 

protective factors. Besides the specific autoantibodies positivity (anti-Jo1, anti-

MDA5 and anti-Ro52), mechanic’s hands were the strongest independent clinical 

predictors of ILD in Caucasian IIMs patients. Ground-glass-opacities is the 

prevalent HRCT pattern and is associated to normal lung volume and consolidation 

needs a special attention being associated to muscle injury and anticipating the 

diagnosis of IIM. Serological and clinical features at diagnosis may predict 

progression in IIM-ILD patients. Anti-MDA5 antibodies, heliotropic rash, 

xerostomia and xerophthalmia are prevalent in progressive IIM-ILD population, 

but their role as independent predictors need to be further investigated. 

In IIMs patients with such serological and clinical features a complete ILD 

screening through PFTs and HRCT is highly recommended at IIMs diagnosis and 

a close monitoring for the occurrence of lung involvement and progression should 

be considered during follow-up. 
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ABSTRACT 

Coronavirus disease 2019 (COVID-19) has rapidly become a global pandemic with 

lung disease representing the main cause of morbidity and mortality. Conventional 

chest-X ray (CXR) and ultrasound (US) are valuable instruments to assess the 

extent of lung involvement. We investigated the relationship between CXR scores 

on admission and the level of medical care required in patients with COVID-19. 

Further, we assessed the CXR-US correlation to explore the role of ultrasound in 

monitoring the course of COVID -19 pneumonia. Clinical features and CXR scores 

were obtained at admission and correlated with the level of intensity of care 

required (high- [HIMC] vs. low-intensity medical care [LIMC]). In a subgroup of 

patients, US findings were correlated with clinical and radiographic parameters. On 

hospital admission, CXR global score was higher in HIMCs compared to LIMC. 

Smoking history, pO2 on admission, cardiovascular and oncologic diseases were 

independent predictors of HIMC. The US score was positively correlated with FiO2 

while the correlation with CXR global score only trended towards significance. Our 

study identifies clinical and radiographic features that strongly correlate with higher 

levels of medical care. The role of lung ultrasound in this setting remains 

undetermined and needs to be explored in larger prospective studies.    
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INTRODUCTION 

Since December 2019, when the first cases of coronavirus disease 2019 

(COVID-19) were reported, the diffusion of the Severe acute respiratory syndrome 

coronavirus type 2 (SARS-CoV-2) has rapidly spread from the Hubei Province in 

China to involve up to 213 states and territories to date, reaching pandemic 

proportions1. Despite epidemiological reports showing that approximately half of 

the infected people are asymptomatic1, the spectrum of respiratory manifestations 

may range from mild symptoms such as dry cough, fever and fatigue to acute 

respiratory distress syndrome (ARDS), requiring admission to intensive care unit 

(ICU) and mechanical ventilation (MV). In this scenario, thoracic radiology plays 

a key role in early detection of lung involvement from COVID-19. Chest computed 

tomography (CT) is the technique with the highest sensitivity, but the risk of 

contamination and the need for a dedicated hospital organization makes CT hardly 

available in an emergency setting. Portable chest X-ray (CXR) and ultrasonography 

(US) are quicker, safer and less expensive alternatives2. CXR is recommended as 

first level assessment by several scientific societies (ACR, STR, SIRM) in the 

context of the SARS-CoV-2 pandemic3. Predominant CXR features in patients with 

COVID-19 include lower lobe, peripheral, bilateral ground glass opacities (GGO) 

or consolidations2, similar to other forms of viral pneumonias, such as the H1N1 

strain4. Yet, CXR could be normal in as many as 31% cases, peaking its sensibility 

in patients with advanced disease5-7.  

In the last three decades, lung US (LUS) has become increasingly important 

in clinical practice, particularly in the assessment of patients with pneumonia, with 

sensitivity and specificity of 92% and 93%, respectively, especially when 

performed by experienced operators8. In the COVID-19 pandemic, LUS has been 

used in multiple centers as first radiological approach in patients with suspected 

pneumonia. The main ultrasound findings include multiple B-lines (separated or 

coalescent), peripheral consolidations and thickened pleural lines9, which however 

are nonspecific and found in a number of infectious and non-infectious diseases10. 

The use of LUS and CXR in combination has the potential to facilitate the 

identifications of ARDS11.  

With this background, we investigated the relationship between CXR 

severity score on admission and the level of medical care required in patients with 

COVID-19. Further, we assessed the radiographic – ultrasound correlation with the 
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aim to explore the value of ultrasound in monitoring the course of COVID -19 

pneumonia.   

 

MATERIALS AND METHODS 

Study population and study design 

In this longitudinal retrospective study, we identified a cohort of clinically 

well-characterized patients with SARS-CoV-2 infection referred to the University 

Hospital of Padova (Division of Infectious and Tropical Diseases, Respiratory 

Disease Unit and Intensive Care Unit) between March and May 2020. One hundred 

and two patients were included in the study (Table 1) and were followed clinically 

and radiologically (CXR and LUS) from admission to discharge. The diagnosis of 

SARS-CoV-2 infection was made based on nasopharyngeal swab positivity as well 

as clinical and radiological data.  

Table 1 - Baseline demographics and clinical features of the overall population 
hospitalized for SARS-CoV-2 related infection, and of the two subgroups 
categorized in low (LIMC) and high (HIMC) intensity medical care. 

 
Overall 

Population 
(n =102) 

Low-intensity medical 

care (LIMC) 
 (n = 71) 

High-intensity medical 

care (HIMC) 
(n = 31) 

p Value 

Male – n (%) 75 (73) 48 (67) 27 (87) 0.05 
Age at admission – years 68 (22 - 94) 63 (22 - 94) 74 (28 - 85) 0.03 
Smoking history – pack years  0 (0 - 60) 0 (0 - 60) 10 (0 - 60) 0.01 

• Current – n (%) 9 (9) 8 (11) 1 (3) 0.18 
• Former – n (%) 43 (42) 24 (34) 19 (61) 0.009 
• Non smokers – n (%) 50 (49) 41 (57) 9 (29) 0.007 

BMI (kg/m^2) 25 (16 - 43) 24 (16 - 31) 31 (21 - 43) 0.02 
Lag time symptoms - 

diagnosis – days 4 (-4 - 23) 3 (-4 - 23) 6 (-2 - 22) 0.07 

FiO2 at admission (room air) - 

% 21 (21 - 100) 21 (21 - 51) 39 (21 - 100) <0.0001 

pO2 at admission (room air) – 

mmHg 90 (21.2 - 119) 90 (54 - 119) 60 (21 - 90) <0.0001 

P/F at admission - value 429 (33 - 567) 429 (106 - 567) 158 (33- 429) <0.0001 
Hospitalization - days 10.5 (2 - 119) 8 (2 - 50) 26 (7 - 119) <0.0001 
Bacterial co-infections - n (%) 24 (23) 11 (15) 13 (42) 0.002 
Comorbidities     

• CVD - n (%) 60 (59) 35 (49) 25 (80) 0.002 
• Respiratory diseases 

- n (%) 18 (18) 11 (15) 7 (22) 0.39 

• Autoimmune 

diseases - n (%) 12 (12) 10 (14) 2 (6) 0.34 

• Metabolic diseases - 

n (%) 45 (44) 26 (37) 19 (61) 0.002 

• Oncologic diseases - 

n (%) 13 (13) 6 (8) 7 (22) 0.05 

Death - n (%) 6 (6) 1 (1) 4 (13) 0.01 

Values are expressed as numbers and (%) or median and range, as appropriate. Negative values refer to patients 
with symptoms occurring after admission to the hospital. To compare demographic between LIMC and HIMC, 
Chi square test and Fisher t test (n < 5) for categorical variables and Mann-Whitney t test for continuous 
variables were used. 
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Level of care definition 

The need for invasive/non-invasive ventilation or high-flow nasal cannula 

(HFNC), which required admission to ICU or to the Respiratory ICU, was 

considered as high-intensity medical care (HIMC), while the need for low flow 

oxygen supplementation through nasal cannula or face mask, which required the 

setting of a general ward, was considered as low-intensity medical care (LIMC). 

The level of care could change over time based on patient’s clinical conditions. For 

all patients, clinical data (demographics and comorbidities), gas exchange values 

(FiO2, pO2 and pO2/FiO2) were collected on admission (Table 1). 

 

Ethics statement 

This was a retrospective study on anonymized patient’s data collected from 

electronic medical records. The study protocol complies to the ethical guidelines of 

the 1975 Declaration of Helsinki and, in agreement with national regulation on 

retrospective observational studies, it was notified to the local ethics committee and 

the need for patient’s informed consent was waived. 

 

Data collection 

We retrieved data on patients hospitalized for COVID-19 between March 

and May 2020 at the University Hospital of Padova, one of the most affected areas 

in North-East of Italy. We screened records of all patients admitted to our Hospital 

with a diagnosis of SARS-CoV2 infection.  

 

Radiological evaluation 

For each patient, a CXR was available on hospital admission. Two expert 

thoracic radiologists (C.G., G.B.), who were blind to clinical data, scored the 

images independently using a semi-quantitative scale. This represented a 

modification of previously reported scoring systems that allowed to evaluate the 

extension of ground glass opacities (GGO) and consolidation (CO)6,12,13. For each 

lung lobe, the two radiologists assessed the extent of GGO and CO using the 

following scale: 0 (normal), 1 (up to 30% of the lobe involved), 2 (30% to 60% of 

the lobe involved), and 3 (more than 60% of the lobe involved). The sum of the 

scores for each lung lobe and a final value of GGO and CO score for each patient 
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was then calculated (Table 2). The CXR “global” score was calculated as the sum 

of the GGO and CO scores of each patient, with a maximum score of 36. Finally, 

each patient was classified as “normal”, “GGO prevalent”, “CO prevalent”, or 

“mixed” based on the prevalent CXR pattern. 

Table 2 - Baseline radiological scores of the overall population hospitalized for 
SARS-CoV-2 related infection, and of the two subgroups categorized in low 
(LIMC) and high (HIMC) intensity medical care. 
 

Values are 
expressed 
as numbers 
and (%) or 
median 
and range 
as 

appropriate. To compare demographic data and baseline clinical characteristic between LIMC and 
HIMC, Chi square test and Fisher t test (n < 5) for categorical variables and Mann-Whitney t test 
for continuous variables were used. 
 

Ultrasound evaluation 

A subset of 25 patients underwent bed-side LUS. The LUS score was 

calculated across 12 chest zones (six on each hemithorax) using a scale from 0 

(normal pattern, A-lines or non-significant B-lines), 1 (significant B-lines ≥3 per 

rib space), 2 (coalescent B-lines with or without small consolidations) to 3 

(consolidation), as previously reported14. A final “US global score” was calculated 

for each patient with a maximum score of 36. 

 

Statistical analysis 

Categorical variables were described as absolute (n) and relative values (%) 

whereas continuous variables were described as median and range. To compare 

demographic data and baseline clinical characteristics between LIMC and HIMC 

groups, Chi square test and Fisher’s exact test for categorical variables and Mann-

Whitney U test for continuous variables were used, as appropriate. The correlation 

between CXR global score and pO2, FiO2, P/F on admission was assessed for the 

entire study population and in the LIMC and HIMC groups using the nonparametric 

Spearman’s rank method. Univariate logistic regression analysis, followed by a 

 
Overall 

Population 
(n =102) 

Low-intensity 

medical care 

(LIMC) 
 (n = 71) 

High-intensity 

medical care 

(HIMC) 
(n = 31) 

p Value 

X-ray global score (GGO 

+ consolidations) 3 (0 – 35) 3 (0 – 22) 8 (0 – 35) < 

0.0001 
GGO – score 2 (0 – 18) 1 (0 – 18) 5 (0 – 15) <0.0001 
Consolidation – score 0 (0 – 35) 0 (0 – 10) 0 (0 – 35) 0.02 
Normal – n (%) 15 (15) 14 (20) 1 (3) 0.003 
GGO prevalent – n (%) 66 (65) 44 (62) 22 (71) 0.38 
Consolidation prevalent – 

n (%) 15 (15) 11 (16) 4 (13) 0.73 

Mixed – n (%) 6 (6) 2 (3) 4 (13) 0.04 
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multivariate logistic regression, was performed to detect the strongest predictors of 

level of care. The covariates included in the final model were those that were 

significant in the univariate regression analyses. 

 

RESULTS 

Patient demographics and clinical characteristics at baseline 

Demographic and clinical characteristics at baseline (i.e., on hospital 

admission) are summarized in Table 1.  

Most patients were male (73%) with a median age on admission of 68 years. 

Seventy-one patients required LIMC during hospitalization and thirty-one HIMC. 

Patients requiring HIMC (HIMCs) were mainly male (87 vs. 67%; p=0.05) and 

older [74 (28 - 85) vs. 63 (22 - 94) years; p=0.03], with a higher body mass index 

(BMI) [31 (21 - 43) vs. 24 (16 - 31) kg/m2; p=0.02]. Moreover, they had a heavier 

smoking history [10 (0 - 60) vs. 0 (0 - 60) pack/year (py); p=0.01] and were mainly 

former smokers (61%). The most common presenting symptoms were fever (92%), 

cough (61%) and shortness of breath (34%), and with 5% of patients complaining 

of impaired sensory. The frequency of these symptoms did not differ between 

HIMCs and LIMCs. Interestingly, although the time interval between onset of 

respiratory symptoms and admission to the emergency unit was similar, HIMCs 

showed a greater impairment of respiratory gas exchange with a lower pO2 on room 

air on admission [60 (21 - 90) vs. 90 (54 - 119) mmHg; p<0.0001], greater FiO2 

requirement at the time of admission [39 (21 - 100) vs. 21 (21 - 51) %; p<0.001] 

and worse P/F [158 (33 - 429) vs. 429 (106 - 567); p<0.0001] compared to LIMCs. 

HIMCs reported more comorbidities, in particular cardiovascular diseases (CVDs) 

(80 vs. 49% of cases; p=002), metabolic diseases (61 vs. 37%; p=002) and 

oncologic diseases (22 vs. 8%; p=0.05). Furthermore, this patient group showed a 

higher frequency of bacterial co-infections (42 vs. 15%; p=0.002) during 

hospitalization. Finally, the hospitalization time was significantly longer for 

HIMCs compared to LIMCs [26 (7 -119) vs. 8 (2 - 50) days; p<0.001), with 4 

patients dying among HIMCs and only one among LIMCs (p = 0.01). 

 

Radiological features on admission 

On admission, HIMCs showed a more severe radiological impairment 

compared to LIMCs, with higher x-ray global score [8 (0 - 35) vs. 3 (0 - 22); 
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p<0.001), GGO score [5 (0 - 15) vs. 1 (0 - 18); p<0.001] and CO score [0 (0 - 35) 

vs. 0 (0 - 10); p=0.02], respectively. When considering the prevalent CXR pattern, 

only one patient among HIMCs had a normal CXR on admission compared to 

LIMCs (14; p=0.003), with similar proportion of patients with “GGO prevalent” 

and “CO prevalent” patterns in the HIMC and LIMC groups.  

 

Radiological correlations 

In the overall study population, a positive correlation was observed between 

CXR global score and FiO2 on admission (r = 0.6, p<0.001). When stratified by 

level of care, the correlation between CXR global score and FiO2 on admission was 

confirmed in LIMCs (r=0.51, p<0.0001) but not in HIMC (Figure 1a). In the 

overall study population, we observed a negative correlation between CXR global 

score and pO2 on admission (r = - 0.6, p<0.001). When stratified by level of care, 

the correlation between CXR global score and pO2 on admission was confirmed in 

LIMCs (r= - 0.37; p= 0.02) but not in HIMCs (Figure 1b). Finally, in the overall 

study population, we observed a negative correlation between CXR global score 

and P/F on admission (r = - 0.6, p<0.001). When stratified by level of care, the 

correlation between CXR global score and P/F at admission was confirmed in both 

LIMCs (r= - 0.40; p= 0.0003) and HIMCs (r = - 0.37; p = 0.04) (Figure 1c). 

 

 



 

 

220 

 

 
Figure 1. Correlation between chest x-ray global score and (a) FiO2 at admission, (b) pO2 at 

admission in room air, (c) pO2/FiO2 at admission in room air in the study population categorized in 

LIMC and HIMC groups. Black points indicate LIMC patients and purple points indicate HIMC 

patients. 
 

Predictors of level of care requirement 

Univariate logistic regression analysis of factors associated with level of 

care revealed that sex, age, smoking history, FiO2, pO2 in room air at admission, 

bacterial co-infections developed during hospitalization, CVDs, metabolic and 

oncologic diseases and chest x-ray global score had significant positive association 

with a higher level of care in the entire study population (Table 3). Multivariate 

analysis performed using variables with statistical significance in univariate 

analysis revealed that smoking history (OR: 6.55; 95%CI: 1.15 - 52.09; p = 0.04), 

pO2 (36.7, 3.64 - 681.4; p = 0.005), CVDs (10.89, 1.44 - 112; p = 0.02) and 

oncologic diseases (17.13, 1.76 - 242.6; p = 0.02) were independent predictors of 

higher level of care in patients with SARS-CoV-2 infection. 
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Table 3. Predictive factors of higher level of care in the overall population of 

patients hospitalized for COVID related infection. 
 

Values are expressed as OR (95% IC). Logistic regression analysis in relation to level of care was 
used to determine the relationship of clinical and radiological characteristics with higher level of 
care needed during hospitalization. 
 

Ultrasound evaluation  

A subset of 25 patients underwent a bed-side LUS after a median time of 11 

days from admission. In parallel, CXRs were performed in the same patients at the 

same time point. The median LUS global score was 7 (2 - 22) whereas the median 

CXR global score was 9 (3-13). The LUS global score positively correlated with 

the FiO2 requirement at the time of the US examination (r = 0.36; p = 0.03) (Figure 

2). Conversely, the correlation between LUS global score and CXR global score 

only trended towards statistical significance (r = 0.36, p = 0.07) (Figure 3). Finally, 

the LUS global score positively correlated with the CXR CO score (r = 0.38; p = 

0.05) (Figure 4) but not with the GGO score. 

 

 

 

 Univariate analysis Multivariate analysis 
 OR (95% IC) P OR (95% IC) p 
Sex (male vs. female) 3.23 (1.01 – 11.89) 0.04 0.54 (0.06 – 4.22) 0.55 
Age (yr, ≥ 68 vs. < 68) 3.34 (1.38 – 8.61) 0.009 0.51 (0.06 – 3.03) 0.49 
Smoking history (p/y, > 0 vs. ≤ 0) 2.72 (1.08 – 7.27) 0.03 6.55 (1.15 – 52.09) 0.04 
FiO2 at admission (%, > 21 vs ≤ 21) 13.1 (4.92 – 39.2) < 0.0001 4.17 (0.60 – 29.89) 0.14 
pO2 at admission (room air) (mmHg, <90, ≥ 90)  13 (4.78 – 40.4) < 0.0001 36.7 (3.64 – 681.4) 0.005 
Lag time symptoms - diagnosis – (days, ≥4 vs. 

<4) 2.18 (0.90 – 5.50) 0.08 - - 

P/F at admission (≥429 vs. < 429) 9.60 (3.59 – 29.26) < 0.0001 16.61 (3.34 – 128.3) 0.002 
Bacterial co-infections (yes vs. no) 4.64 (1.75 – 12.72) 0.002 2.48 (0.38 – 17.78) 0.34 
CVDs - (yes vs. no) 5.14 (1.89 – 16.6) 0.002 10.89 (1.44 – 112.0) 0.02 
Respiratory diseases – (yes vs. no) 5.14 (1.89 – 16.6) 0.34 - - 
Autoimmune diseases - (yes vs. no) 0.43 (0.06 – 1.79) 0.30 - - 
Metabolic diseases - (yes vs. no) 2.99 (1.25 – 7.44) 0.01 2.63 (0.54 – 14.76) 0.24 
Oncologic diseases - (yes vs. no) 3.29 (1.00 – 11.25) 0.04 17.13 (1.76 – 242.6) 0.02 
X-ray global score ( > 3 vs. < 3) 3.33 (1.32 – 9.29) 0.01 0.40 (0.02 – 3.63) 0.43 
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Figure 2. Correlation between lung US global score and FiO2 in the subgroup of 

patients undergoing US examination. 

 

  
Figure 3. Correlation between lung US global score and x-ray global score in the 

overall study population. 
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Figure 4. Correlation between chest x-ray consolidation score and US global score 

in the overall study population. 

 

DISCUSSION 

This is a retrospective analysis of clinical features and radiographic severity scores 

in patients with COVID-19 and how these parameters on hospital admission 

correlate with different levels of medical care (i.e., HIMC vs. LIMC). A subgroup 

of patients also underwent LUS, which was correlated with chest radiographs. Our 

study revealed that patients with COVID-19 who required a HIMC are mainly men, 

former smokers with a higher pack/year of smoking history, older and with a higher 

BMI compared to patients requiring LIMC. Furthermore, the majority of them 

reported at least one comorbidity (i.e., cardiovascular, metabolic, or oncologic) and 

required on emergency room oxygen supplementation due to low alveolar oxygen 

partial pressure (PaO2). Moreover, using a multivariate analysis, we found that a 

heavier smoking history, PO2 level on room air and presence of cardiovascular or 

oncological disease on admission were independent predictors of the need of 

HIMC. Our findings mirror those from previous studies indicating that older male 

patients with comorbidities are at higher risk of pulmonary infection and fatal 

consequences from Covid-1915,16. In our study, we show that the number of pack-

years was significantly higher in former smokers who required intensive care 

compared to those requiring LIMC. Moreover, the proportion of former smokers 

was markedly increased among severe patients whereas nonsmokers with COVID-

19 experienced a milder illness, which required low-flow oxygen supplementation. 

This is in line with other reports that explored the association between smoking and 

progression of COVID-19 pneumonia17. Notably, in our study, multivariate 
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analysis revealed that smoking history was an independent risk factor for HIMC. 

We speculate that cigarette smoke upregulates the expression of ACE2 receptors, 

which in turn facilitate SARS-CoV-2 entry in the respiratory epithelium; this 

implies that that smoking habit may represent a risk factor for developing severe 

illness even among former smokers. In other words, having quit smoking does not 

seem to prevent the risk of severe COVID-19 pneumonia18. Chronic respiratory 

disease, including, among others, Chronic Obstructive Pulmonary Disease 

(COPD), carry a worse prognosis when associated with chronic conditions such as 

cardiovascular diseases19-21. Interestingly, in our cohort, concomitant CVDs and 

neoplasms were independent risk factors for hospitalization in HIMC, with up to 

80% of patients who required HIMC reporting an history of CVD (mainly arterial 

hypertension). A recent meta-analysis of 1,576 patients concluded that 

hypertension, chronic respiratory disease and CVD are risk factors for severe 

Covid-19 disease22. These findings emphasize the importance of past medical 

history and comorbidities in the disease course of Covid-19 patients, as they may 

predispose to worse outcome and higher intensity of care. PO2 level <90 mmHg on 

admission to emergency room was an additional independent predictor of HIMC 

requirement. This is interesting, as the duration of symptoms (i.e., median of 4 days) 

did not differ between patients requiring HIMC and patients requiring LIMC. 

Thirty-one subjects required subsequent admission to ICU due to worsening of 

pneumonia and gas exchange. On admission, these patients displayed extensive 

radiological impairment in terms of both GGO score and consolidation. 

Radiological score correlated negatively with PO2 levels and positively with FiO2, 

although only in the group requiring LIMC. Conversely, among patients who 

required HIMC, CXR at baseline showed a variety of severity scores, ranging from 

normal to high. These findings are particularly important, as they suggest that even 

patients with mild radiologic abnormalities may rapidly progress to HIMC 

requirement. Previous reports on CXR findings in COVID-19 patients focused on 

the distribution and type of lung abnormalities. Wong and coauthors demonstrated 

that CXR at baseline has a sensitivity of 69% for a diagnosis of COVID-19 

pneumonia, corroborating the utility of CXR in the initial evaluation of subjects 

with suspected COVID-19 pneumonia, thus obviating the need for CT [6]. Toussie 

and colleagues have recently reported that initial CXR severity score is also an 

independent predictor of outcome in COVID-19 patients3. We could not replicate 
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this finding, but our study population was older than that studied by Toussie et al. 

The prognostic role of CXR in Covid-19 pneumonia therefore needs to be clarified 

in larger studies.  

Lung ultrasound has been suggested as a potential diagnostic tool for 

COVID-19 pneumonia given the predominant involvement of the lung periphery7; 

lung ultrasound is a relatively simple technique that can be easily applied at patient 

bedside23. In our study, we investigated its role in the late phase of Covid-19 

pneumonia and its relation with CXR in a subgroup of patients hospitalized in a 

low-intensity care setting. We found a significant correlation between LUS features 

and FiO2 level, suggesting these two parameters can be integrated into the 

evaluation of patients with COVID-19 pneumonia. LUS global score positively 

correlated with CXR consolidation score while the correlation with CXR global 

score only trended towards statistical significance. Although only exploratory, 

these data support the utility of LUS as a monitoring tool, possibly limiting the use 

of serial CXR, at least in the advanced phase of covid-19 pneumonia. In this regard, 

LUS has been suggested as a potential substitute for CXR in the follow-up of 

various lung diseases in ICU24, reducing the number of CXRs performed and 

relative medical costs without affecting patient outcome. Soldati and colleagues 

have also suggested that LUS can be useful in Covid-19 pneumonia by identifying 

disease extension and specific patterns as well as their evolution toward the 

consolidation phase25, thus providing further support to the role of LUS in the 

follow-up of patients with Covid-19 pneumonia. At present, however, the majority 

of studies performed during the Covid-19 pandemic focused on ultrasonographic 

signs and disease patterns at presentation rather than overtime26-30. Accordingly, the 

role of LUS in monitoring the evolution of Covid-19 pneumonia needs to be 

confirmed in larger studies. The results of our study should be interpreted in the 

light of important limitations. First, this was a retrospective cohort study, therefore 

the accuracy of the data depends on medical records, which may introduce 

inaccuracies. However, every effort was made to limit this risk. Second, the study 

population was relatively small, particularly the subset of patients for whom LUS 

data were available, although this was an exploratory analysis and its findings 

should be viewed as such. Clearly, these data need to be validated in larger, 

independent, prospectively collected populations of patients. In summary, our study 

identified clinical features that strongly predict the level of medical setting required 
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by patients with Covid-19 pneumonia (HIMC or LIMC). These findings allow the 

identification of patients at risk for severe disease and worse outcome already on 

hospital admission. The correlation of LUS with clinical parameters and 

radiological score provides the basis for future studies on the utility of LUS in the 

follow-up of patients with Covid-19 pneumonia. 
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ABSTRACT  

 

Background. The impact of viral burden on severity and prognosis of patients 

hospitalized for Coronavirus Disease 2019 (COVID-19) is still a matter of debate 

due to controversial results. Herein, we sought to assess viral load in the 

nasopharyngeal swab and its association with severity score indexes and prognostic 

parameters. Methods. We included 127 symptomatic patients and 21 asymptomatic 

subjects with a diagnosis of SARS-CoV-2 infection obtained by reverse 

transcription polymerase chain reaction and presence of cycle threshold. According 

to the level of care needed during hospitalization, the population was categorized 

as high-intensity (HIMC, n=76) or low intensity medical care setting (LIMC, n=51). 

Results. Viral load did not differ among asymptomatic, LIMC, and HIMC SARS-

CoV-2 positive patients [4.4 (2.9–5.3) vs 4.8 (3.6–6.1) vs 4.6 (3.9–5.7) 

log10copies/ml respectively; p=0.31]. Similar results were observed when 

asymptomatic individuals were compared to hospitalized patients [4.4 (2.9-5.3) vs 

4.68 (3.8-5.9) log10copies/ml; p=0.13]. When the study population was divided in 

High (HVL, n=64) and Low Viral Load (LVL, n=63) group no differences were 

observed in disease severity at diagnosis. Furthermore, LVL and HVL groups did 

not differ with regard to duration of hospital stay, number of bacterial co-infections, 

need for high-intensity medical care and number of deaths. The viral load was not 

an independent risk factor for HIMC in an adjusted multivariate regression model 

(OR: 1.59; 95%CI: 0.46–5.55, p=0.46). Conclusions. Viral load at diagnosis is 

similar in asymptomatic and hospitalized patients and is not associated with either 

worse outcomes during hospitalization. SARS CoV-2 viral load might not be the 

right tool to assist clinicians in risk-stratifying hospitalized patients. 
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INTRODUCTION 

Severe acute respiratory syndrome-Coronavirus-2 (SARS-CoV-2) is the 

etiological agent of the second pandemic infection of the 3rd millennium, following 

the H1N1 influenza outbreak in 2009. This new virus, which causes Coronavirus-

Disease-19 (COVID-19), rapidly spread from China, where the first cases were 

discovered in late December 2019. As of February 2021, COVID-19 has infected 

more than 6.000.000 people worldwide. 

Epidemiological studies found that a large fraction of individuals infected 

with SARS-CoV-2 are asymptomatic1,2. Yet, the greatest health care burden is 

accounted for by symptomatic patients. In this regard, COVID-19 may cause a wide 

range of clinical manifestations, ranging from mild flu-like symptoms with cough 

and fatigue to severe respiratory failure, leading to non-invasive/invasive 

mechanical ventilation (NIV/IMV) in the high-intensity (HIMC) or intensive 

medical care units (ICUs)3. 

Several studies tried to identify prognostic tools. Of these, chest X-rays 

(CXRs) at admission4,5, laboratory findings6, and clinical composed scores7 have 

been proposed as predictors of worst clinical outcomes. 

The importance of COVID-19 viral load detectable in the nasopharyngeal 

swab has been addressed in a number of studies, yet with controversial results8-11. 

In particular, it has been reported that the viral load reaches a peak during the first 

week from symptoms onset, followed by a decrease in the next one or three weeks. 

Others have described an independent association between the viral load and 

mortality or ICU admission12-15. Conversely, Argyropoulos et al. did not find any 

associations between viral load and predictors of worst prognosis (i.e. admission to 

ICU, duration of oxygen supplementation and overall survival)16. Similarly, other 

authors did not find any differences in the viral load between asymptomatic and 

symptomatic patients1,17. Finally, in France, patients from the summer outbreak 

displayed higher viral load with lower severity markers compared with patients 

from the spring outbreak18. 

With this background, we sought to assess the role of viral load, obtained 

from SARS-CoV-2 positive patients hospitalized in a tertiary care center in Padova, 

as a predictor of the need of High Intensity Medical Care (HIMC), and its relation 

with other established prognostic parameters.  
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MATERIALS AND METHODS 

Study Population and Study Design 

Among subjects who were hospitalized for SARS-CoV-2 infection in the 

Division of Infectious and Tropical Diseases of the University Hospital of Padova 

between February and April 2020, we retrospectively collected 127 patients 

diagnosed by RT-PCR at nasopharyngeal swab (NP) and with the presence of Gene 

E cycle threshold (Ct) in the diagnostic RT-PCR. Were excluded patients whose 

sample was analyzed on a different diagnostic platform or at a different institution 

or with a different Gene Ct. 

In our study population, demographical and clinical data, gas exchange 

values (PaO2/FiO2), blood samples, SARS-CoV-2 Gene E Ct, and chest X-rays 

(CXRs) were collected at hospital admission. Comorbidities were categorized as: 

cardiovascular diseases (CVDs), respiratory diseases, metabolic diseases (including 

diabetes mellitus, obesity and dyslipidemia), autoimmune diseases and oncologic 

diseases (including lung, prostate, pancreatic, breast, and colon cancers). Twenty-

one asymptomatic or mildly symptomatic SARS-CoV-2 positive patients treated at 

home, from the cohort previously reported by Lavezzo et al.1 were included as 

controls. 

Based on patient’s clinical conditions during hospitalization, the study 

population was categorized according to the level of care needed. The use of high-

flow nasal cannula (HFNC) or NIV/IMV which required admission either to the 

ICU or to the Respiratory ICU, was considered as a high-intensity medical care 

setting (HIMC, n = 76), while the need for oxygen supplementation through low-

flow nasal cannula or face mask was considered as a low-intensity medical care 

setting (LIMC, n = 51), as previously described5.  

Moreover, in order to compare the clinical data according to the viral load, 

the overall study population was further categorized in two groups, namely High 

(HVL, n = 64) and Low Viral Load (LVL, n = 63). 

 

Radiological Evaluation 

For each patient, a single image plane CXR was available at hospital 

admission. Two radiologists (C.G., G.B.) with more than ten-year experience in 

thoracic imaging, who were blind to clinical data, scored the images independently 

using a composite semi-quantitative scale, as previously described4. Thus, a 
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radiological global score (CARE) including ground-glass opacities and 

consolidations was assessed for each patient. 

 

SARS-CoV-2 detection and assessment of genome equivalents  

Upper respiratory tract samples were collected by healthcare professionals 

with a flocked swab and immediately put into transport medium (eSwab, Copan 

Italia Spa). Sampling was performed either at the day of hospitalization or, at most, 

the day before for all patients. Detection of SARS-CoV-2 RNA was performed with 

an in-house reverse transcription polymerase chain reaction (RT–PCR) protocol, 

developed according to the diagnostic methodology by Corman et al.19 with primers 

and probes targeting the gene encoding the envelope (E). Additionally, to assess the 

correct execution of the sampling, each sample was tested using primers designed 

to amplify the human housekeeping gene encoding RNase P, serving as an internal 

control. Reactions that failed to show the internal positive control were repeated. 

Ct data from real-time RT–PCR assays was collected for E gene. Genome 

equivalent copies per ml were inferred according to linear regression performed on 

calibration standard curves. The interpolated Ct values were further multiplied by 

100, according to the final dilution factor (1:100). Linear regression was calculated 

in Python3.7.3 using modules scipy 1.4.1, numpy 1.18.1 and matplotlib 3.2.1.  

 

Ethics Statement 

This was a retrospective study on anonymized patient’s data collected from 

electronic medical records. The study protocol complies to the ethical guidelines of 

the 1975 Declaration of Helsinki and, in agreement with national regulation on 

retrospective observational studies, it was notified and approved by the local ethics 

committee (nr.: 46430/03.08.2020) and the need for patient’s informed consent was 

waived. 

 

Statistical Analysis  

Categorical variables were described as absolute (n) and relative values (%), 

whereas continuous variables were described as median and interquartile range. To 

compare demographic data and baseline clinical characteristics between 

asymptomatic, LIMC and HIMC groups or between LVL and HVL groups, Chi 

square test and Fisher’s exact test for categorical variables and Kruskal-Wallis tests 
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or Mann–Whitney U test for continuous variables were used, as appropriate. The 

correlation was assessed using the nonparametric Spearman’s rank method. In a 

univariate logistic regression analysis, followed by a regression model adjusted for 

gender, age, BMI, pack years, lag time symptoms – diagnosis, cardiovascular 

diseases, metabolic diseases, autoimmune diseases, oncologic diseases, respiratory 

diseases, we analyzed the role of viral load as predictor of the different level of care. 

All data were analyzed using SPSS Software version 25.0 (US: IBM Corp., New 

York, NY, USA). p-values <0.05 were considered statistically significant.  

 

RESULTS 

Viral Load Differences in Asymptomatic and Hospitalized Patients 

Baseline demographic and viral load data of asymptomatic, LIMC, and 

HIMC SARS-CoV-2 positive patients included in the study are summarized in 

Table 1. 

No differences in sex were observed across the study groups, although 

individuals were mostly males in each cohort (62 vs 55 vs 71%; respectively). Age 

and BMI were significantly different between both asymptomatic and LIMC 

patients as compared with HIMC patients [65 (58–73) vs 64 (52-75) vs 77 (63-82) 

years; p=0.001 for age and 24.9 (22.2–29.8) vs 26.1 (21.2–29.2) vs 30 (25-31) 

kg/m2; p=0.007, for BMI respectively]. However, viral load did not differ across 

the three groups [4.4 (2.9–5.3) vs 4.8 (3.6–6.1) vs 4.6 (3.9–5.7) log10copies/ml; 

p=0.31] even when comparing asymptomatic individuals with all hospitalized 

patients [4.4 (2.9-5.3) vs 4.68 (3.8-5.9) log10copies/ml; p=0.13]. 

 

Table 1 - Baseline demographics and viral load of SARS-CoV-2 positive 
asymptomatic patients and hospitalized patients for SARS-CoV-2 related 
infection categorized in low (LIMC) and high (HIMC) intensity medical care.  

  
Asymptomatic patients 

(n = 21) 

Low-intensity 
medical care 

(LIMC) 
(n = 51) 

High-intensity 
medical care 

(HIMC) 
(n = 76) 

p Value 

Male – n (%) 13 (62) 28 (55) 54 (71) 0.17 
Age at diagnosis – years 65 (58 – 73)* 64 (52 - 75)** 77 (63 - 82) 0.001 
BMI - kg/m2 24.9 (22.2 – 29.8)* 26.1 (21.2 – 29.2)** 30 (25 - 31) 0.007 
Viral load (Gene E) – log10 copies/ml  4.4 (2.9 – 5.3) 4.8 (3.6 – 6.1) 4.6 (3.9 – 5.7) 0.31 

 
Values are expressed as numbers and (%) or median and interquartile range, as appropriate. To 
compare demographic Chi square test for categorical variables and Kruskal-Wallis for continuous 
variables were used. As compared to HIMC patients, (*) (**) indicates the presence of statistically 
significant differences. 
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Patient Demographics and Clinical Characteristics at Baseline and During 

Hospitalization 

Demographic and clinical characteristics of LIMC and HIMC group at 

admission and during hospitalization are summarized in Table 2. 

In the entire study population, most patients were males (65%) and the median age 

was 72 years. Half of them were nonsmokers (53%) and the most prevalent 

comorbidities were CVDs (64%), followed by metabolic disease (49%).  

 According to the level of care required during hospitalization, 76 patients 

were classified as HIMC (when HFNC, or NIV or IVM were used) and 51 as LIMC 

(when low-flow nasal cannula or mask were used).  

Compared to LIMC patients, HIMC patients were mainly males [71 (54%) 

vs 28 (55%); p=0.06], older [77 (63-82) vs 64 (52-75) years; p=0.001] and with a 

higher BMI [30 (25-31) vs 26.1 (21.2–29.2) kg/m2; p=0.003]. The HIMC and 

LIMC groups were similar with regard to smoking history. Regarding 

comorbidities, patients requiring HIMC had more frequently CVDs [58 (76%) vs 

23 (45%); p<0.0001], metabolic diseases [40 (53%) vs 14 (27%); p=0.0003] and 

chronic respiratory diseases [18 (24% vs 5 (10%); p=0.04), conversely, they did not 

differ for autoimmune and oncologic diseases. 

The duration of symptoms before hospital admission did not differ between 

patients requiring  

HIMC and LIMC [5 (2-7) vs 4 (0-7) days; p=0.20]. At hospital admission, 

patients requiring HIMC displayed a higher impairment of respiratory gas exchange 

with a worse P/F ratio [125 (66–191) vs 429 (364-429); p<0.0001] and a higher 

CARE score [13 (5–20) vs 3 (1–5); p<0.0001]. HIMC patients presented also a 

longer duration of hospitalization [18 (8-29) vs 7 (3-13) days; p<0.0001], a higher 

number of bacterial co-infections [33 (34%) vs. 7 (14%); < 0.0001] and a worse 

outcome [26 (34%) of deaths vs. 0 (0%); p < 0.0001] compared to LIMC patients. 

As previously mentioned, no differences were found in the viral load at the first 

positive nasopharyngeal swab between HIMC and LIMC patients [4.8 (3.6–6.1) vs 

4.6 (3.9–5.7) log10copies/ml; p=0.31]. 
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Table 2 - Baseline demographics and clinical features of the overall hospitalized study population 
for SARS-CoV-2 related infection, and of the two subgroups categorized in low (LIMC) and high 
(HIMC) intensity medical care. 

 

 

Overall  
Hospitalized 

Study Population 
(n =127) 

Low-intensity 
medical care 

(LIMC) 
 (n = 51) 

High-intensity 
medical care 

(HIMC) 
(n = 76) 

p Value 

Male – n (%) 82 (65) 28 (55) 54 (71) 0.06 
Age at admission – years 72 (58 – 81) 64 (52 - 75) 77 (63 - 82) 0.001 
Smoking history – pack 
years  0 (0 – 16) 0 (0 – 10) 0 (0 - 25) 0.29 

• Current – n (%) 6 (5) 3 (6) 3 (4) 0.61 
• Former – n (%) 54 (42) 19 (37) 35 (46) 0.32 
• Nonsmokers – n 

(%) 67 (53) 29 (57) 38 (50) 0.52 

BMI - kg/m2 27.1 (23.5 – 30.5) 26.1 (21.2 – 
29.2) 30 (25 - 31) 0.003 

Comorbidities – n (%)     
• Cardiovascular 

diseases (CVD) 81 (64) 23 (45) 58 (76) <0.0001 

• Chronic 
respiratory 
diseases 

23 (18) 5 (10) 18 (24) 0.04 

• Autoimmune 
diseases  15 (12) 6 (12) 9 (12) 0.99 

• Metabolic 
diseases  54 (43) 14 (27) 40 (53) 0.0003 

• Oncologic 
diseases  20 (16) 8 (16) 12 (16) 0.98 

Viral load (Gene E) – 
log10 copies/ml 4.68 (3.8 – 5.9) 4.8 (3.6 – 6.1) 4.6 (3.9 – 5.7) 0.96 

Lag time symptoms - 
diagnosis – days 5 (1 - 7) 4 (0 - 7) 5 (2 - 7) 0.20 

P/F at admission - ratio 225 (108 - 429) 429 (364 - 
429)  125 (66 – 191) <0.0001 

CARE score at admission 7 (2 – 15) 3 (1 – 5) 13 (5 – 20) <0.0001 
Hospitalization - days 13 (5 - 24) 7 (3 - 13) 18 (8 - 29) <0.0001 
Bacterial co-infections - n 
(%) 40 (32) 7 (14) 33 (34) <0.0001 
Dead – n (%) 26 (20) 0 (0) 26 (34) <0.0001 

Values are expressed as numbers and (%) or median and interquartile range, as appropriate. To 
compare demographic between LIMC and HIMC, Chi square test and Fisher t test (n < 5) for 
categorical variables and Mann-Whitney t test for continuous variables were used, as appropriate. 
 

Comparison between Patients with High and Low Viral Load 

In further analysis, the study population was divided in two groups, namely 

High (HVL, n=64) and Low Viral Load (LVL, n=63), according to the median 

value of the viral load (i.e. 4.68 log10copies/ml). Demographic and clinical 

characteristics at admission and during the hospitalization are summarized in Table 

3. 

No differences in sex, age, smoking history, chronic respiratory diseases and 

oncologic diseases were found between LVL and HVL. Compared to patients with 

LVLs, those with HVL included a higher percentage of nonsmokers (50% vs 30%; 
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p=0.03), and had a lower BMI [26.1 (22.1-30) vs 29 (24.8–31.2) kg/m2; p=0.04], 

more frequently autoimmune diseases [12 (19%) vs. 3 (5%); p=0.02] and less 

frequently CVDs [34 (53%) vs. 47 (75%); p=0.01] and metabolic disease [20 (31%) 

vs 34 (54%); p=0.01]. 

Interestingly, disease severity at the emergency department was similar in 

the two groups regardless of viral load. In particular, patients with LVL and HVL 

showed the same CARE score, gas exchange impairment and symptom duration 

before diagnosis. Figure 1 displays the CXR of two patients with high CARE score 

requiring high intensity medical care but with different viral load at hospital 

admission (under 25th and over 75th interquartile, respectively). Blood samples at 

hospital admission revealed that neutrophils [3.7 (2.2–5.7)x109 vs. 4.8 (2.9–

7.7)x109/L; p=0.04], C-reactive protein [61.5 (19–130) mg/dL vs. 109 (50-170) 

mg/dL; p=0.03] and LDH [282 (204–402) U/L vs. 341 (265-464) U/L;  p=0.03] 

were lower in HVL compared to LVL. Of interest, LVL and HVL did not differ 

when considering other outcome measures such as duration of the hospital stay, 

number of bacterial co-infections, need for high-intensity medical care and number 

of deaths.  

 

 
 
Figure 1. Chest X-ray with a high CARE score at admission of two patients treated with high 

intensity medical care (HIMC) during hospitalization and with different values of viral load (Gene 

E) at diagnosis: A) a 81 years old patient presenting a CARE score of 22 points and a viral load of 

2.43 log10 copies/ml, (< 25th percentile); B) a 92 years old patient presenting a CARE score of 18 

points and a viral load of 6.72 log10 copies/ml, (>75th percentile). 
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Table 3 - Baseline demographics and clinical features of the population 
hospitalized for SARS-CoV-2 related infection categorized in low (LVL) and 
high (HVL) viral load. 

 
 

Low viral load 
(LVL) 

 (n = 63) 

High viral load 
(HVL) 
(n = 64) 

p 
Value 

Male – n (%) 40 (63) 42 (66) 0.80 
Age at admission – years 74 (62 - 81) 70 (56 - 80) 0.19 
Smoking history – pack years  1 (0 – 23) 0 (0 - 10) 0.17 

• Current – n (%) 2 (3) 4 (6) 0.41 
• Former – n (%) 28 (44) 20 (31) 0.12 
• Nonsmokers – n (%) 20 (30) 32 (50) 0.03 

BMI - kg/m2 29 (24.8 – 31.2) 26.1 (22.1 - 30) 0.04 
Comorbidities - n (%)    

• Cardiovascular diseases  47 (75) 34 (53) 0.01 
• Respiratory diseases  11 (17) 12 (19) 0.85 
• Autoimmune diseases  3 (5) 12 (19) 0.02 
• Metabolic diseases  34 (54) 20 (31) 0.01 
• Oncologic diseases  10 (16) 10 (16) 0.96 

Lag time symptoms - diagnosis – 
days 5 (2 - 7) 4 (1 - 7) 0.12 

PaO2/FiO2 - ratio 209 (101 - 429) 283 (0 – 429) 0.52 
CARE score at admission 9 (3 – 16) 5 (2 – 14) 0.20 
High-intensity medical care – n(%) 39 (62) 37 (58) 0.64 
Hospitalization - days 10 (6 - 24) 13 (4 - 22) 0.91 
Bacterial co-infections - n (%) 19 (30) 21 (33) 0.65 
Dead – n (%) 13 (21) 13 (20) 0.96 
White cells count – 109/L 6.2 (4.1 – 8.7) 5.1 (3.6 – 6.4) 0.07 
Hemoglobin – g/L 132 (118 - 143) 129 (116 - 142) 0.71 
Neutrophils - 109/L 4.8 (2.9 – 7.7) 3.7 (2.2 – 5.7) 0.04 
Lymphocytes - 109/L 0.8 (0.6 – 1.2) 0.9 (0.5 – 1.2) 0.94 
Monocytes - 109/L 0.4 (0.2 – 0.7) 0.4 (0.3 – 0.6) 0.71 
Eosinophils - 109/L 0 (0 – 0.02) 0 (0 – 0.01) 0.69 
C-reactive protein - mg/dL 109 (50 - 170) 61.5 (19 – 130) 0.03 
D-Dimer – µg/L 299 (158 - 908) 217 (179 – 350) 0.06 
Albumin – g/L 30 (26 - 33) 30.5 (27 - 36) 0.27 
Ferritin- µg/L 876 (505 -1481) 849 (404 - 1258) 0.64 
LDH – U/L 341 (265 - 464) 282 (204 – 402) 0.03 

 
Values are expressed as numbers and (%) or median and interquartile range, as appropriate. To 
compare demographic between LVL and HVL, Chi square test and Fisher t test (n < 5) for 
categorical variables and Mann-Whitney t test for continuous variables were used. LDH = Lactate 
Dehydrogenase; BMI = body mass index; CARE = radiological global score. 

 

 

Viral Load Correlations and its prognostic role 

A negative correlation between viral load at hospital admission and BMI 

was observed in the whole population (r = - 0.26; p=0.01). The viral load was also 

negatively correlated with the lag time (days) between symptoms initiation and 

diagnosis of SARS-CoV-2 infection by nasopharyngeal swab (r = - 0.24; p=0.007). 

The viral load was not an independent risk factor for HIMC in a univariate 

regression model (OR: 0.84; 95%CI 0.41–1.72, p=0.64). This finding was 

confirmed when the regression model was adjusted for gender, age, BMI, pack 
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years, lag time symptoms – diagnosis, and cardiovascular, metabolic, autoimmune, 

oncologic and respiratory diseases (OR: 1.59; 95%CI: 0.46–5.55, p=0.46). 

 

DISCUSSION 

In this study, we explored the association between viral load detectable in 

the first positive nasopharyngeal swab and clinical outcomes of SARS-CoV-2 

infected patients. Notably, the viral load did not differ between asymptomatic 

patients managed at home and patients who needed hospitalization. Moreover, 

when considering only hospitalized patients, viral load at first presentation was 

similar in patients requiring low intensity medical care (LIMC) and those requiring 

high-intensity (HIMC) setting. Moreover, viral load was not associated with either 

worse outcome measures during hospitalization or with mortality. 

A large body of studies have addressed the issue of the viral load both in 

terms of change over time, from early detection of SARS-CoV-2 infection to 

recovery, and quantitative changes across the different respiratory samples (upper 

or lower respiratory tract) simultaneously collected. In particular, in a systematic 

review of 113 studies, Walsh KA et al. reported that the highest viral load from 

upper respiratory tract samples was observed at the time of symptoms onset and for 

a few days thereafter, with levels progressively slowing down over the following 

one to three weeks8. Hence, in order to investigate the prognostic role of the viral 

load, we considered the first available nasopharyngeal swab positive for SARS-

CoV-2 performed at admission and correlated it with clinical outcomes and 

prognosis. We observed that the viral load was similar across all study subsets of 

hospitalized (both LIMC and HIMC groups) and asymptomatic patients.  

The association between viral load and disease severity remains 

controversial and debated. Previous studies have reported an association with 

severity of outcome. A retrospective cohort study of 875 patients hospitalized with 

COVID-19 in Brazil observed that SARS-CoV-2 viral load at admission was 

independently associated with mortality. However, the authors did not include 

comorbidities, clinical symptoms, and duration of symptoms before testing, which 

are clinically important variables and might have influenced the interpretation of 

their results15. Similarly, Magleby Reed and colleagues demonstrated that SARS-

CoV-2 viral load at admission among hospitalized patients with COVID-19 

(n=678) independently correlates with the risk of intubation and in-hospital 
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mortality. However, they reported a different symptom duration prior to admission 

between high and low viral load group13. Pujadas et al. reported that the mean log10 

viral load in patients who were alive (n = 807; mean log10 viral load 5.2 copies per 

mL [SD 3]) significantly differed from that of patients who died (n = 338; 6.4 copies 

per mL [2.7]). They also demonstrated an independent relationship between high 

viral load and mortality after adjusting for demographics and comorbidities (hazard 

ratio 1.07 [95% CI 1·03–1·11], p=0.0014)12.  

In line with our findings, in a cohort of 205 patients from New York City, 

Argyropoulos and coworkers did not find any associations between viral load and 

clinical outcomes, including length of stay, oxygen support requirement, or 

survival16, suggesting that severe symptoms and outcomes are unlikely to be related 

to high viral titers. However, this study evaluated mainly non-hospitalized patients 

with the exception of a small subset of patients with severe COVID-19 infection. 

In this regard, our study that conducted mild vs. severe hospitalized patients (i.e. 

LIMC and HIMC group) reinforces the lack of association between outcomes and 

viral load values. Notably, despite their similar viral load, these two populations 

differ in terms of age and BMI. Specifically, HIMC patients were older and had a 

significantly higher BMI compared to both asymptomatic and LIMC patients, in 

keeping with previous data from our group5. If further confirmed, this finding is 

important, as predictors of worse outcome in individuals infected by SARS-CoV-2 

are lacking. 

In further analysis, we stratified patients requiring hospitalization based on 

their median viral load value (lower versus higher). Age, sex, smoking history and 

symptom duration before the diagnosis of COVID-19 were similar in patients with 

high (HVL) and low viral load (LVL). Viral load of SARS-CoV-2 peaks around the 

time of symptom onset (or a few days after) and decreases over time, and symptom 

duration negatively correlates with viral load.  Of note, both the high and low viral 

load groups exhibited similar disease severity at diagnosis/admission, as assessed 

by PaO2/FiO2 ratio and radiographic CARE score, need for HIMC, number of 

bacterial co-infections, duration of hospitalization, and number of deaths. Similarly, 

the viral load was not associated with the need for high-intensity medical care both 

on univariate regression model and after adjusting for age, sex, BMI, pack years, 

symptoms duration, and cardiovascular, metabolic, autoimmune, oncologic and 

respiratory comorbidities.  
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Our findings are in contrast with previous data12,13 suggesting that viral load 

is associated with mortality after adjustment for other concurrent clinical 

confounding factors. However, we analyzed not only the association of viral load 

with mortality, but also with the need for high-intensity medical care, which is 

associated with poor outcomes even long term. The lack of association between 

viral load and clinical outcomes and prognosis might suggest that the viral load in 

nasopharyngeal swab does not reflect the viral load in the lung and thus the severity 

of lung involvement and/or the degree of cytokine storm in the lung. In this regard, 

the level of a number of inflammatory markers (i.e., neutrophils, LDH, C-reactive-

protein) is significantly increased in patients with a lower viral load.  

  The results of our study should be interpreted in light of some limitations, 

mainly the relatively small sample size, which implies that our findings need further 

validation in larger, independent, prospectively collected populations of patients. 

However, in contrast with previous studies, our patient population included a wide 

range of disease severity. Secondly, we retrospectively collected all clinical data 

from our electronic medical records; however, every effort was made to limit 

inaccuracy and missing data to a minimum.  

 In conclusion, this study shows that SARS-CoV-2 viral load at diagnosis is 

similar across asymptomatic patients, and patients hospitalized in a low and high 

intensity medical care. Moreover, viral load is not associated with either worse 

outcomes during hospitalization or with mortality, but appears to decrease with 

longer history of symptoms. Therefore, SARS CoV-2 viral load assessed by RT-

PCR might not be the most useful tool for patient risk stratification. 
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ABSTRACT 

Background. Little is known about the long-term pulmonary sequelae after 

COVID-19 infection.  

Hence, the aim of this study is to characterize patients with persisting pulmonary 

sequelae at follow-up after hospitalization. We also aimed to explore clinical and 

radiological predictors of pulmonary fibrosis following COVID-19.  

Methods. Two hundred-twenty consecutive patients were evaluated at 3–6 months 

after discharge with high-resolution computed tomography (HRCT) and 

categorized as recovered (REC) or not recovered (NOT-REC). Both HRCTs at 

hospitalization (HRCT0), when available, and HRCT1 during follow-up were 

analyzed semi-quantitatively as: ground glass opacities (Alveolar Score,AS), 

consolidations (CONS) and reticulations (Interstitial Score, IS).  

Results. 175/220 (80%) patients showed disease resolution at their initial 

radiological evaluation following discharge. NOT-REC patients (45/220; 20%) 

were mostly older males [66 (35-85) years vs. 56 (19 - 87); p=0.03] with a longer 

in-hospital stay [16 (0 - 75) vs. 8 (1 - 52) days; p<0.0001], and lower P/F at 

admission [233 (40-424) vs. 318 (33-543); p=0.04]. Moreover, NOT-REC patients 

presented, at hospital admission, higher ALV [14(0.0–62.0) vs. 4.4(0.0–

44.0);p=0.0005], CONS [1.9(0.0–26.0 vs. 0.4(0.0–18.0);p=0.0064], and IS 

[11.5(0.0– 29.0) vs. 0.0(0.0–22.0);p<0.0001] compared to REC patients. On 

multivariate analysis, the presence of CONS and IS at HRCT0 were independent 

predictors of radiological sequelae at follow-up [OR 14.87(95%CI: 1.25–175.8; 

p=0.03) and 28.9 (95%CI: 2.17–386.6; p=0.01, respectively).  

Conclusions. In our population, only twenty percent of patients showed persistent 

lung abnormalities at six-months after hospitalization for COVID-19 pneumonia. 

These patients are predominantly older males with longer hospital stay. The 

presence of reticulations and consolidation on HRCT at hospital admission predict 

the persistence of radiological abnormalities during follow-up. 
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BACKGROUND 

Coronavirus disease 2019 (COVID-19), which is caused by the severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2), has infected more than 130 

million people worldwide. COVID-19 leads to respiratory manifestations that can 

range from mild flu-like symptoms like fever, cough, and fatigue to severe 

respiratory failure requiring intensive care1,2.  

Data from previous pandemics caused by coronaviruses suggested that there 

may be pulmonary sequelae in one third of patients at twelve weeks after 

discharge3,4.  

Some recent studies tried to characterize radiological sequelae after 

COVID-19 pneumonia5,6. This condition, which is referred to as ‘post-COVID 

syndrome’ still lacks a universally agreed definition7. On May 2020, a document of 

the British Thoracic Society (BTS) proposed an algorithm on post-discharge 

management of COVID-19 patients and distinguished two groups of interest: 

patients with severe pneumonia and patients with mild to moderate pneumonia8. 

Following up on this document, George and colleagues suggested a structured 

respiratory follow-up for patients with clinico-radiological confirmation of Covid-

19 pneumonia9. Importantly, they proposed patients with severe pneumonia 

undergo a full clinical assessment at 12 weeks with a chest X-ray while patients 

with persisting radiological abnormalities should undergo a high-resolution CT 

(HRCT) scan. In this regard, the role of chest X-ray and HRCT in disease 

management both during hospitalization and follow-up is well established10,11. Han 

and co-authors recently reported that fibrotic-like changes on CT performed at six 

months during follow-up persist in approximately one-third of Covid-19 patients12, 

but the data on long-term pulmonary sequelae in this patient population remains 

scarce. The aim of the present study is to characterize, among patients hospitalized 

for COVID-19 pneumonia, those presenting persisting pulmonary sequelae during 

follow-up, and to define which clinical and radiological features are predictive of 

persistent radiological abnormalities. 
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MATERIALS AND METHODS 

 

Study Population and Study Design 

We prospectively collected patients evaluated at the post-COVID Clinic of 

the University Hospital of Padova between June and December 2020. The patients 

evaluated at the post-COVID Clinic were initially admitted to the Division of 

Infectious and Tropical Diseases of the University Hospital of Padova between 

February and September 2020 for SARS-CoV-2 infection confirmed by the real 

time-polymerase chain reaction (RT-PCR) at nasopharyngeal swab. 

Among all patients evaluated, we specifically followed-up every 3 months 

those presenting a COVID-19 related severe disease according to the WHO criteria 

(n=220)13. Demographics and clinical data at hospital admission [symptoms, gas 

exchange values (paO2/FiO2)] and during hospitalization [days of hospital stay, 

maximal FiO2 (FiO2 max) needed, level of care, treatment] were collected. 

Comorbidities were categorized as cardiovascular diseases (CVDs), respiratory 

diseases, metabolic diseases (including diabetes mellitus, obesity and 

dyslipidemia), autoimmune diseases and oncologic diseases (including lung, 

prostate, pancreatic, breast, colon cancer). Based on patient’s clinical conditions 

during hospitalization, we distinguished those requiring a low- (LIMC) and high-

intensity medical care (HIMC), as previously described14.  

 

Radiological Evaluation 

At follow-up, HRCT was available for the entire study population (HRCT1) 

whereas at hospital admission, it was available in only a subgroup of patients 

(HRCT0) (n=79, 36%). The HRCTs were performed by a 64 slice Siemens 

Somatom Sensation (Siemens Healthcare, Erlangen, Germany) applying a slice 

thickness ≤ .5 mm. 

According to the presence or absence of radiological abnormalities on 

HCRT1, the study population was categorized as recovered patients (REC, n = 175) 

or not recovered patients (NOT-REC, n = 45). 

Two expert thoracic radiologists (C.G., A.G.), who were blinded to clinical 

data and timing of HRCTs, scored the images independently using a composite 

semi-quantitative scale. This represented a modification of the previously reported 

scoring systems standardized by our group13. Specifically, ground glass opacities 
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(GGO) (alveolar score, AS), consolidations (CONS) and reticulations (interstitial 

score, IS) were analyzed. For each lung lobe, the two radiologists assessed the 

extent of AS, CONS and IS using a scale from 0-100 and estimated extent to the 

nearest 2%. The result was expressed as the mean value of the five lobes in AS, 

CONS and IS. The level of interobserver agreement was obtained for each patient 

as a mean of 5 lobes and for each radiological abnormality (AS, CONS and IS) and 

expressed as Cohen’s k value. Disagreement between radiologists was resolved by 

consensus.  

 

Statistical Analysis 

Categorical variables were described as absolute (n) and relative values (%), 

whereas continuous variables were described as median and range. To compare 

demographic and clinical data between REC and NOT-REC patients, Chi square 

test and Fisher’s exact test (n < 5) for categorical variables and Mann–Whitney U 

tests for continuous variables were used, as appropriate.  

To compare radiological scores at HRCT1 in NOT-REC patients, Mann–

Whitney U test for continuous variables was used, whereas while Wilcoxon signed 

rank test was used to compare radiological scores between HRCT0 and HRCT1. A 

univariate logistic regression analysis, followed by a regression model adjusted for 

gender, pack years, paO2/FiO2 at admission, degree of medical care (high or low) 

and FiO2 max, was performed to detect the predictive factors of radiologic sequelae 

(NOT-REC) at follow up. All data was analyzed using SPSS Software version 25.0 

(US: IBM Corp., New York, NY, USA). p-values <0.05 were considered 

statistically significant. The graphs were obtained using the statistical package 

GraphPad Prism 7.0 (GraphPad Software, Inc., La Jolla, CA, USA). 

 

Ethics Statement 

The study protocol complies to the ethical guidelines of the 1975 Declaration of 

Helsinki and, in agreement with national regulation on observational studies, it was 

notified and approved by the local ethics committee (nr.: 46430/03.08.2020) and 

the need for patient’s informed consent was waived. 
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RESULTS 

Clinical evaluation at hospital admission and during hospitalization. 

Two hundred and twenty patients with COVID-19 pneumonia evaluated at 

the post-COVID Clinic were included in the study (Table 1). 115 patients (52%) 

were males, with a median age of 59 years (range 19 - 84) and body mass index 

(BMI) 26 (18-39). The most prevalent comorbidities were cardiovascular diseases 

(CVDs) (n=98, 45%), followed by the chronic respiratory diseases (18%). Based 

on the presence of radiological sequelae on HRCT performed at follow-up 

(HRCT1), 175 (80%) patients were categorized as REC and 45 (20%) as NOT-REC 

(Figure 1). Baseline demographic and clinical data of REC and NOT-REC patients 

are summarized in Table 1. 

No differences in sex, smoking history, or BMI were observed between the 

two groups, with a prevalence of males in NOT-REC compared to REC (64 vs. 

49%; respectively). NOT-REC patients were significantly older compared to REC 

[66 (35 - 85) vs. 56 (19 - 87) years; p < 0.0001]. CVDs were significantly more 

frequent in NOT-REC compared to REC [26 (58%) vs 72 (41%); p=0.04] whereas 

autoimmune, metabolic and oncologic diseases did not differ between the two 

groups. Symptoms before hospital admission were also similar, except for a higher 

proportion of patients presenting with dyspnea in NOT-REC compared to REC 

group [33 (73%) vs. 64 (37%); p < 0.0001] (online supplement, Table 1). 

At hospital admission, NOT-REC had a worse gas exchange with a lower 

PiO2/FiO2 ratio than REC [233 (40 – 424) vs.318 (33 - 543); p = 0.04]. In addition, 

compared to REC, during hospitalization NOT-REC required more frequently high-

intensity medical care (HIMC) (20, 44% vs. 37, 21%; p = 0.002), higher FiO2 max 

[45 (21 – 100) vs. 27 (21 – 100); p < 0.0001], and longer in-hospital stay [16 (0 - 

75) vs. 8 (1 - 52) days; p<0.0001]. 

The majority of patients were admitted during the first SARS-CoV-2 wave 

when no standardized protocols existed for treatment of hospitalized patients. NOT-

REC patients were more frequently treated with hydroxychloroquine (n=37, 82% 

vs. 111, 63%; p = 0.01), antibiotics other than ceftriaxone and azithromycin (n=25, 

56% vs. 44, 25%; p < 0.0001), remdesevir (n=7, 16% vs. 10, 6%, p = 0.02), 

tocilizumab (n=8, 18% vs. 12, 7%; p = 0.02), steroids (n=27, 60% vs. 74, 42%; p = 

0.03) compared to REC. Conversely, the two groups did not differ with regard to 

use of ceftriaxone, azithromycin, lopinovir/ritonavir, and hyperimmune plasma 
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(online supplement, Table 2). At discharge, a similar proportion of patients in both 

groups was prescribed steroids. 

 

Table 1. Baseline demographics and clinical features of the overall population 

evaluated at post-COVID Clinic, and of the two subgroups categorized 

according to the presence of radiological recovery during the follow up period. 

 
Overall 

population 
(n =220) 

REC 
(n = 175; 

80%) 

NOT - 
REC 

(n = 45; 
20%) 

p 
Value 

Male – n (%) 115 (52) 86 (49) 29 (64) 0.06 

Age at admission – years 59 (19 - 87) 56 (19 - 87) 66 (35 - 
85) 

< 
0.0001 

Smoking history – pack 
years 

0 (0 - 67) 0 (0 - 67) 0 (0 - 60) 0.07 

·   Current – n (%) 15 (7) 10 (6) 5 (11) 0.20 

·   Former – n (%) 70 (32) 54 (31) 16 (36) 0.54 

·   Non smokers – n 
(%) 

135 (61) 111 (63) 24 (53) 0.21 

BMI - (kg/m^2) 26 (18 - 39) 27 (18 - 39) 26 (21 - 
35) 

0.35 

Cardiovascular diseases - n 
(%) 

98 (45) 72 (41) 26 (58) 0.04 

Respiratory diseases - n 
(%) 

39 (18) 30 (17) 9 (20) 0.65 

Autoimmune diseases - n 
(%) 

36 (16) 25 (14) 11 (24) 0.10 

Metabolic diseases - n (%) 102 (4) 78 (45) 24 (53) 0.29 

Oncologic diseases - n (%) 25 (11) 17 (8) 8 (18) 0.12 

PaO2 / FiO2 at admission 314 (33 - 543) 318 (33 - 
543) 

233 (40 - 
424) 

0.04 
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FiO2max during 
hospitalization - % 

28 (21 - 100) 27 (21 - 
100) 

45 (21 - 
100) 

< 
0.0001 

Hospitalization - days 9 (0 - 75) 8 (1 - 52) 16 (0 - 75) < 
0.0001 

Low degree of care – n (%) 163 (74) 138 (79) 25 (56)  
0.002 

High degree of care – n (%) 57 (26) 37 (21) 20 (44) 

Values are expressed as numbers and (%) or median and range, as appropriate. To compare 

demographic between recovery (REC) and not recovery (NOT-REC), Chi square test and Fisher t 

test (n < 5) for categorical variables and Mann-Whitney t test for continuous variables were used. 

 

     

 
Figure 1. Chest CT features of two patients with COVID-19 pneumonia at different time points: 

hospitalization and 6 months after discharge. CT images of a 58-year-old male patient with COVID-

19, not recovery patient (a,b). The first CT performed at admission shows bilateral areas of ground-

glass opacities in a peripheral distribution (a) and after 6 months from discharge, CT shows 

persistent of interlobular septal thickening with peripheral distribution (b). Chest CT images of a 

51-year-old male patient with COVID-19, recovery patient (c,d). The first CT shows, at admission, 

a small consolidation at the right lower lobe accompanied by ground glass opacities in both lower 

lobes (c) and after 6 months from discharge, no residual abnormalities were observed (d). 



 

 

253 

 

 

 

Clinical, functional and radiologic evaluation at follow-up  

Patients were evaluated at post-COVID Clinic at regular three-month 

intervals after discharge. At first evaluation, NOT-REC patients presented more 

frequently a modified Medical Research Council (mMRC) score of 1 and 2 

compared to REC [15 (33%) vs. 22 (13%), p = 0.0009 and 7 (16%) vs. 3 (2%), p < 

0.0001, respectively]. In the overall population, pulmonary function tests (PFTs) 

revealed a median forced vital capacity (FVC) of 3.40 liters (L) (range 1.40 – 7.96), 

96%pred. and a median total lung capacity (TLC) of 5.36 L (3.63 – 8.09), 89% 

pred. within the normal range. Likewise, NOT-REC patients showed preserved 

lung volumes within normal range (online supplement, Table 3). 32 patients out of 

220 (14.5%) had an abnormal diffusing capacity of the lung for carbon monoxide 

(DLco) at the 6-month follow up, which occurred in those with persistent interstitial 

lung abnormalities (NOT-REC patients). At follow up CT (HRCT1), NOT-REC 

patients presented higher ALV [2.8 (0.0 – 40.0)] compared to CONS [0.0 (0.0 – 

2.0); p < 0.0001] and IS [0.6 (0.0 – 24.0); p < 0.0001] (online supplement, Figure 

1). Overall, the inter-observer agreement between the two radiologists with regard 

to change in AS, CONS and IS was good (Cohen’s kappa = 0.79 for AS, k = 0.88 

for CONS and k = 0.81 for IS). 

 

 

Longitudinal evaluation of radiologic manifestation: from hospitalization to 

follow-up. 

At hospital admission, HRCT (HRCT0) was available for 79/220 (36%) 

patients. ALV [5.0 (0.0 – 62-0)] was significantly more prevalent compared to 

CONS [0.8 (0.0 – 26.0); p < 0.0001] and IS [0.8 (0.0 – 29.0); p < 0.0001]. When 

this patient subgroup was stratified in NOT-REC and REC, NOT-REC patients (n 

= 20) had at hospital admission higher ALV [14.0 (0.0 – 62.0) vs. 4.4 (0.0 – 44.0); 

p = 0.0005] (Figure 2 Panel A), CONS [1.9 (0.0 – 26.0 vs. 0.4 (0.0 – 18.0); p = 

0.0064] (Figure 2 Panel B), and IS [11.5 (0.0– 29.0) vs. 0.0 (0.0 – 22.0); p < 

0.0001] (Figure 2 Panel C) compared to REC patients (n = 59) (Table 2). Finally, 

when comparing HRCT0 with HRCT1, we observed that in NOT-REC patients 

ALV [from 14 (0.0 – 62.0) to 2.6 (0.0 – 40.0); p < 0.0001], CONS [from 1.9 (0.0 – 
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26.0) to 0.0 (0.0 – 2.2); p = 0.0001] and IS [1.5 (0.0 – 29.0) to 1.4 (0.0 – 24.0)] 

decreased significantly (Figure 3). 

 

Table 2. HRCT scores during hospitalization (HRCT0) of the overall 

population evaluated at post-COVID Clinic, and of the two subgroups 

categorized according to the presence of radiological recovery during the 

follow up period. 

 
Overall 

population 
(n =220) 

REC 
(n = 175; 

80%) 

NOT - REC 
(n = 45; 20%) 

p 
Value 

 Alveolar score - % 5.0 (0.0 – 62) 4.4 (0.0 – 
44.0) 

14.0 (0.0 – 
62.0) 0.0005 

Consolidations - % 0.8 (0.0 – 26.0) 0.4 (0.0 – 
18.0) 

1.9 (0.0 – 
26.0) 0.006 

Interstitial score - % 0.8 (0.0 – 29.0) 0.0 (0.0 – 
22.0) 

11.5 (0.0 – 
29.0) 

< 
0.0001 

Values are expressed as median and range, as appropriate. To compare HRCT scores at 

hospitalization (HRCT0) between recovery (REC) and not recovery (NOT-REC), Mann-Whitney t 

test for continuous variables was used. 

 

 
Figure 2. HRCT scores during hospitalization (HRCT0) of the two subgroups categorized according 

to the presence of radiological recovery [recovery (REC) or NOT-recovery (NOT-REC)] at follow 

up period. Horizontal bars represent median values; bottom and top of each box plot 25th and 75th; 

brackets show 10th and 90th percentiles; and circles represent outliers. White boxes indicate values 



 

 

255 

 

for recovery group and grey boxes not recovery group. Panel A: ALV [14.0 (0.0 – 62.0) vs. 4.4 (0.0 

– 44.0); p = 0.0005]; Panel B: CONS [1.9 (0.0 – 26.0 vs. 0.4 (0.0 – 18.0); p = 0.0064]; Panel C: INT 

[11.5 (0.0– 29.0) vs. 0.0 (0.0 – 22.0); p < 0.0001]. 

 

 
Figure 3. HRCT scores of the not recovery population (NOT-REC) from HRCT0 to HRCT1: ALV 

[from 14 (0.0 – 62.0) to 2.6 (0.0 – 40.0); p < 0.0001], CONS [from 1.9 (0.0 – 26.0) to 0.0 (0.0 – 

2.2); p = 0.0001] and INT [1.5 (0.0 – 29.0) to 1.4 (0.0 – 24.0)]. 

 

 

Prognostic Factors for radiological sequelae at follow-up 

Univariate analysis showed that older age, a prolonged in-hospital stay, a 

lower PiO2/FiO2 at hospital admission, cardiovascular comorbidities, a higher 

degree of medical care, a higher FiO2 max, and higher ALV, CONS and INT scores 

at HRCT0, not use of hydroxychloroquine, antibiotics other than azithromycin and 

ceftriaxone, tocilizumab, remdesevir and systemic steroids are associated with 

persistent radiological abnormalities at follow-up. Multivariate analysis revealed 

that CONS [OR: 20.6 (95%CI: 1.4 – 301.2); p = 0.02] and IS score [23.0 (1.4 – 

377.2); p = 0.02] are independent predictors of radiological sequelae at follow up 

(Table 3).  

 

Table 3. Predictive factors of radiological sequelae at follow-up in patients 

hospitalized for SARS-COV-2 related pneumonia. 
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 Univariate analysis Multivariate analysis 

 OR (95% 
IC) 

p OR (95% IC) p 

Sex 
• female 
• male 

 
Ref. 

1.87 (0.95 – 
3.69) 

 
- 
0.07 

 
- 
- 

 
- 
- 

Age – years 
• < 59 
• ≥ 59 

 
Ref. 

2.99 (1.47 – 
6.08) 

 
- 
0.002 

 
Ref. 

0.81 (0.10 – 6.39) 

 
- 
0.84 

BMI - (kg/m^2) 
• < 26 
• ≥ 26 

 
Ref. 

0.80 (0.41 – 
1.58) 

 
- 
0.52 

 
- 
- 

 
- 
- 

Smoking history – pack 
years 

• = 0 
• > 0 

 
Ref. 

1.56 (0.79 – 
3.10) 

 
- 
0.19 

 
- 
- 

 
- 
- 

Hospitalization – days 
• < 9 
• ≥ 9 

 
Ref. 

4.77 (2.15 – 
10.5) 

 
- 
< 0.0001 

 
Ref. 

12.77 (0.65 – 248.8) 

 
- 
0.09 

PiO2/FiO2 at admission 
• < 314 
• ≥ 314 

 
Ref. 

0.33 (0.13 – 
0.80) 

 
- 
0.01 

 
Ref. 

1.24 (0.13 – 11.46) 

 
- 
0.84 

CVD  
• No 
• Yes  

 
Ref. 

1.95 (1.00 – 
3.80) 

 
- 
0.04 

 
Ref. 

1.40 (0.15 – 12.48) 

 
- 
0.76 

Respiratory diseases  
• No  
• Yes  

 
Ref. 

1.20 (0.52 – 
2.77) 

 
- 
0.65 

 
- 
- 

 
- 
- 

Autoimmune diseases  
• No 
• Yes  

 
Ref. 

1.94 (0.87 – 
4.32) 

 
- 
0.11 

 
- 
- 

 
- 
- 

Metabolic diseases  
• No 
• Yes  

 
Ref. 

1.42 (0.73 – 
2.74) 

 
- 
0.29 

 
- 
- 

 
- 
- 

Oncologic diseases 
• No 
• Yes  

 
Ref. 

2.01 (0.80 – 
5.01) 

 
- 
0.13 

 
- 
- 

 
- 
- 

Degree of care 
• Low 
• High  

 
Ref. 

2.98 (1.49 – 
5.95) 

 
- 
0.002 

 
Ref. 

1.35 (0.13 – 13.12) 

 
- 
0.79 

FiO2 max - % 
• < 28 
• ≥ 28 

 
Ref. 

3.25 (1.54 – 
6.80) 

 
- 
0.002 

 
Ref. 

1.01 (0.07 – 16.2) 

 
- 
0.99 
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Alveolar score HRCT0 - 
% 

• < 7 
• ≥ 7 

 
Ref. 

4.0 (1.33 – 
11.98) 

 
- 
0.01 

 
Ref. 

0.74 (0.09 – 5.99) 

 
- 
0.78 

Consolidations HRCT0 - 
% 

• < 0.8 
• ≥ 0.8 

 
Ref. 

6.29 (1.66 – 
23.87) 

 
- 
0.007 

 
Ref. 

20.6 (1.40 – 301.2) 

 
- 
0.02 

Interstitial score HRCT0 
- % 

• < 1.4 
• ≥ 1.4 

 
Ref. 

41.2 (5.1 – 
331.8) 

 
- 
< 0.0001 

 
Ref. 

23.0 (1.40 – 377.2) 

 
- 
0.02 

Hidroxicloroquina  
• Yes 
• No  

 
Ref 

2.66 (1.17 – 
6.07) 

 
 

0.02 

 
Ref 

1.26 (0.18 – 8.82) 

 
 

0.80 

Azithromycin 
• Yes 
• No 

 
Ref. 

0.76 (0.39 – 
1.47) 

 
- 

0.41 

 
- 
- 

 
- 
- 

Ceftriaxone 
• Yes 
• No 

 
Ref. 

1.74 (0.89 – 
3.40) 

 
- 

0.10 

 
- 
- 

 
- 
- 

Other antibiotics 
• Yes 
• No 

 
Ref. 

3.72 (1.88 – 
7.34) 

 
- 

< 0.0001 

 
Ref. 

4.87 (0.52 – 45.7) 

 
- 

0.16 

Lopinovir/Ritonavir 
• Yes 
• No 

 
Ref. 

1.49 (0.75 – 
2.94) 

 
- 

0.24 

 
- 
- 

 
- 
- 

Remdesevir 
• Yes 
• No 

 
Ref. 

3.03 (1.08 – 
8.49) 

 
-  

0.03 

 
Ref. 

12.5 (0.41 – 3.85) 

 
-  

0.14 

Glutathione 
• Yes 
• No 

 
Ref. 

0.22 (0.09 – 
1.75) 

 
- 

0.15 

 
- 
- 

 
- 
- 

Tocilizumab 
• Yes 
• No 

 
Ref. 

2.93 (1.12 – 
7.69) 

 
- 

0.02 

 
Ref. 

0.6 (0.03 – 11.1) 

 
- 

0.73 

Plasma 
• Yes 
• No 

 
Ref. 

1.49 (0.37 – 
5.86) 

 
- 

0.56 

 
- 
- 

 
- 
- 

Steroids during 
hospitalization 

• Yes 
• No 

 
Ref. 

2.04 (1.05 – 
3.99) 

 
- 

0.03 

 
Ref. 

1.04 (0.09 – 11.6) 

 
- 

0.97 

Values are expressed as OR (95%CI). Logistic regression analysis was used to determine the 

relationship of clinical data with radiological sequelae at follow-up. 
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Finally, on multivariate analysis adjusted for gender, pack years, PiO2/FiO2 

ratio at admission, degree of care (high or low) and FiO2 max, both CONS and IS 

at HRCT0 are independent predictors of radiological sequelae at follow-up with an 

OR of 14.87 (95%CI: 1.25 – 175.8; p = 0.03) and 28.9 (95%CI: 2.17 – 386.6; p = 

0.01), respectively (Table 4). 

 

Table 4. Multivariate analysis for factors independently associated with 

radiological sequelae at follow-up in patients hospitalized for SARS-COV-2 

related pneumonia. 

 Multivariate analysis* 

 OR (95% IC) p 

Alveolar score HRCT0 - % 
• < 7 
• ≥ 7 

 
Ref. 

1.80 (0.39 – 8.20) 

 
- 
0.44 

Consolidations HRCT0 - % 
• < 0.8 
• ≥ 0.8 

 
Ref. 

14.87 (1.25 – 175.8) 

 
- 
0.03 

Interstitial score HRCT0 - % 
• < 1.4 
• ≥ 1.4 

 
Ref. 

28.9 (2.17 – 386.6) 

 
- 
0.01 

Values are expressed as OR (95%CI). Univariate and multivariate-adjusted odds 

ratio for radiological NOT recovery according to radiological patterns during 

hospitalization (HRCT0). *Adjusted for gender, pack years, PiO2/FiO2 ratio at 

admission, degree of care (high or low), FiO2 max. 

 

 

DISCUSSION 

In our study, we demonstrated that only a significant minority of patients 

hospitalized for COVID-19 pneumonia has persistent radiological abnormalities at 

follow-up. Patients who did not recover are mainly elderly males, with a more 

severe gas exchange impairment at hospital admission and a more severe clinical 

course during hospitalization. Interestingly, the presence of reticulation and 

consolidation at admission was predictive of persistent interstitial changes at 

follow-up. 
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To date, few studies have reported on the follow-up of patients hospitalized 

for Covid-19 pneumonia5,6. Different approaches based on disease severity have 

been proposed with the aim to standardize patients’ follow-up. Specifically, the 

British Thoracic Society guidelines for management of post COVID-19 syndrome 

distinguished patients with severe pneumonia requiring intensive care from patients 

with mild to moderate pneumonia treated in a medical ward or at home4. However, 

it is becoming increasingly clear that radiological changes following COVID-19 

pneumonia do not resolve completely in a large minority of patients5,16. Some 

studies have started to use CT to assess the presence of long-term lung 

abnormalities. A recent work from the Chongqing University Three Gorges 

Hospital evaluated 41 patients and showed that in most patients the chest CT lesions 

were no longer present at 7 months after discharge, whereas older patients with 

severe comorbidities were more prone to develop fibrosis17. From the Wuhan 

cohort, Han and colleagues investigated 114 patients with severe pneumonia 

according to the WHO criteria12 and observed fibrotic changes in one-third of them 

at the 6-month follow-up. Of note, on multivariate analysis, they found that a higher 

baseline/initial CT lung involvement score (>18 in a score of 25) was independently 

associated with fibrotic-like changes in the lung12. Huang and colleagues conducted 

a cohort study that included 353 patients enrolled between January and May 2020 

who underwent HRCT at follow-up after discharge. They found that more than 50% 

of the patients had residual lung abnormalities. Moreover, they found that disease 

severity in the acute phase was independently associated with the percentage 

change of CT score in a multivariable analysis18.  

In our hospital, the first patients with Covid-19 pneumonia were admitted 

in February 2020 and were evaluated in the post-COVID Clinic in June 2020. We 

enrolled prospectively patients diagnosed with COVID-19 pneumonia according to 

the WHO criteria. Two-hundred and twenty patients were evaluated at three months 

after discharge and every three months thereafter, according to the current 

guidelines8. We found that as many as 20% of our entire patient population had 

radiological pulmonary sequelae at follow-up. This percentage is lower than that 

observed in previous studies 12,18, but our patients’ population has been followed-

up for a longer period of time, thus allowing non-fibrotic pulmonary abnormalities 

to clear. Patients who did not recover (NOT-REC) were older, mostly males and 

with worse disease impairment both at admission and during hospitalization 
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compared to patients without radiological sequelae at follow-up. Specifically, 

NOT-REC patients had a lower PiO2/FiO2 ratio at admission and a more severe 

clinical course. Moreover, NOT-REC patients required higher maximal FiO2 

during hospital stay, were more often treated in a high-intensive care setting and 

required a longer in-hospital stay, consistent with the findings from the Wuhan 

cohort18. Furthermore, we have shown that, in NOT-REC patients, the HRCT 

performed at hospital admission is more likely to display ground glass opacities, 

consolidations and reticulation. These data suggest that the risk of pulmonary 

sequelae may be related to the severity of the acute illness and to the intensity of 

care needed. This is in line with the hypothesis that a cytokine storm might 

contribute to the pathogenesis of COVID-19 while its severity is associated with 

poor outcomes19. However, mechanical ventilation and ventilator-induced lung 

injury, and high-flow oxygen therapy might also have contributed to the 

development  of fibrotic-like changes20,21. 

The primary aim of our study was to identify predictors of radiological 

sequelae following Covid-19 pneumonia. While on univariate analysis age, 

prolonged in-hospital stay, lower PiO2/FiO2 at hospital admission, cardiovascular 

comorbidities, higher intensity of medical care, and higher FiO2 max, not using 

hydroxychloroquine, antibiotics other than azithromycin and ceftriaxone, 

tocilizumab, remdesevir or systemic steroids were significantly associated with the 

presence of interstitial changes during follow-up, we found that higher CONS [OR: 

20.6 (95%CI: 1.4 – 301.2); p = 0.02] and IS [23.0 (1.4 – 377.2); p = 0.02] at 

hospitalization were the only variables independently associated with the 

persistence of fibrotic changes at follow-up in multivariate analysis. In particular, 

this latter observation is consistent with that of Han and colleagues who found that 

a more extensive baseline/initial CT lung involvement was independently 

associated with permanent fibrotic-like changes in the lung12. Additionally, the 

higher amount of consolidation and reticulation at admission remained significantly 

associated with persistent radiological abnormalities when adjusted for gender, 

pack years of smoking, and PiO2/FiO2 ratio. However, it remains uncertain 

whether the fibrotic-like changes we observed represent irreversible pulmonary 

fibrosis and further monitoring is warranted to answer this question. 

 The findings of our study should be interpreted in the light of some 

limitations. Firstly, this is a single center study; however, it is among the first to 



 

 

261 

 

analyze HRCT changes over time in a large population of patients hospitalized for 

COVID-19 pneumonia. In addition, we included a large proportion of patients with 

severe COVID-19, who are at higher risk of developing persistent lung disease. 

Secondly, the CT scan at hospital admission was available for only a subset of 

patients; however, the aim of our study was to characterize the radiological changes 

occurring over time and to identify predictors of persistent radiological 

abnormalities. 

 In conclusion, in our study about 20% of patients with COVID-19 

pneumonia had radiological sequelae at follow-up. Patients who did not fully 

recover showed a more severe impairment at hospital admission and during 

hospitalization. Moreover, the presence of reticulation and consolidation on the 

initial chest CT is predictive of persistent radiological interstitial changes at follow-

up. 
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CONCLUSIONS 

In this thesis I focused on identifying potential useful tools which may 

predict the clinical course of patients with idiopathic pulmonary fibrosis (IPF). 

IPF is a chronic and progressive lung disease, associated with a highly 

heterogeneous and unpredictable clinical course, alternating periods of stability to 

periods of rapid deterioration. To date, the main challenge of each pneumologist is 

to understand which could be the clinical course of patients, when the diagnosis of 

IPF is postulated. 

In this thesis I decided to analyze both clinical, radiological and biological 

potential predictors. I think that the results I explained could offer some useful and 

easy to apply strategies for the clinical practice of each of us. 

Specifically, the first main result is that ground glass opacities on CT scan 

are associated with patients presenting a rapid functional decline even despite 

antifibrotic treatment. In my first work, I considered a cohort of IPF population not 

treated with antifibrotics. Patients were categorized according to the functional 

decline in the first year of follow up either in rapid (decline in FVC % pred. > 10%) 

or slow decliners (FVC%pred. decline < 10%). Our results showed that, in the 

HRCT performed at diagnosis, patients who had experienced a rapid functional 

decline, ground glass extension was higher than in slow decliners, while the extent 

of fibrosis (Interstitial Score, IS) was similar in the two groups. In this context, the 

ground glass opacity should be regarded as part of the fibrotic process, as indicated 

by the recent ATS/ERS/ALAT/JRS guidelines and, as such, we believe it needed 

to be assessed. We postulated that HRCT finding, showing that at baseline rapid 

progressors had significantly higher extension of ground glass than slow 

progressors, is of high interest since it might help to identify, early in the course of 

the disease, the more aggressive phenotype with worse prognosis. 

In a second work on radiological score, we observed that, despite a similar 

treatment efficacy on lung function after 1 year of treatment, patients who 

progresses both ground glass and honeycombing increased significantly after 1 year 

of treatment. On the other hand, in stable patients, only honeycombing increased 

significantly, while ground glass did not. This is an interesting finding, although 

the significance of alveolar opacity or ground glass attenuation remains debated. 

Ground-glass opacities refers to the presence of a hazy and diffuse homogeneous 

increase in lung density and, when located akin dense fibrotic areas, may represent 
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mild/initial fibrosis. However, ground glass attenuation may also be associated with 

the presence of inflammatory cells in the alveolar or interstitial space, which is often 

more evident in cases with more aggressive disease. This finding coupled with the 

observation that rapid progressors despite treatment also exhibit an increased 

extension in alveolar score suggests that the alveolar score may help to identify, 

even early in the disease course, the more aggressive IPF phenotype and supports 

the routine use of CT and its visual characterization in clinical practice both in 

treated and untreated patients with IPF.  

The intriguing role of ground glass opacities is confirmed in the other works 

on genotyping. Firstly, we confirmed previous evidence of the protective role of 

MUC5B polymorphs (which is the most frequent polymorphism among IPF 

patients) in a cohort of patients under antifibrotic treatment. A previous study by 

Peljto AL. demonstrated that carriers of the mutant allele present a better survival 

compared to wild type patients, in a cohort of patients not treated with antifibrotics. 

We confirmed the same protective role of MUC5B T allele in a cohort of patients 

despite being under antifibrotic treatment. To corroborate this evidence, we 

observed that the wild type population presents also an increase over time in ground 

glass opacities, when compared to carriers of the mutant T allele. Ground glass 

opacities are once again associated to worse clinical course. 

In my pathological work, for the first time I demonstrate the presence of 

lymphoid follicles in IPF patients, both at diagnosis and in the end stage phase of 

disease. Specifically, lymphoid follicles are more numerous at diagnosis and 

become larger and more activated at the end stage phase. These evidences confirm 

what previously observed and that an extensive cellular immune infiltrate, both 

innate and adaptive, is more prominent among IPF patients presenting a rapid 

functional decline. The role of immune cells in driving the IPF disease is still under 

debate, but we think that our work could be a perfect starting point for future 

perspectives. 

Another intriguing chapter is the novelty of the progressive interstitial lung 

diseases. In the last three or four years some evidence suggested that almost the 

forty per cent of non-IPF interstitial lung disease patients, currently treated with 

specific treatment, may present a clinical course similar to IPF. In my research 

project, I identified the progressive phenotype among the idiopathic inflammatory 

myopathies (IIMs) patients and I described patients presenting a progressive 
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phenotype. Anti-MDA5 antibodies, heliotropic rash, xerostomia and xerophthalmia 

are prevalent in progressive IIM-ILD population. 

Finally, my Coronavirus Disease 19 (COVID-19) research was conducted 

together my research on IPF and extremely closed to my clinical daily activity. We 

assessed that chest ultrasound is a useful tool in clinical practice because it 

correlates with clinical and radiographic parameters. Viral load on nasopharyngeal 

swab at diagnosis of COVID-19 is similar in asymptomatic and hospitalized 

patients and is not associated with either worse outcome during hospitalization. 

Finally, maybe the most interesting among the three studies, is the evidence that 

only a minority of patients hospitalized for COVID-19 pneumonia showed 

persisting lung abnormalities at the 6-month follow-up. These patients are 

predominantly older males with longer hospital stay.  

In my near future, I hope to continue my research projects on prognostic 

predictors maybe by using other ‘easy to collect’ samples like blood or 

bronchoalveolar lavage and to deepen the ‘genetic predisposition’ of some patients 

for developing IPF.
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	Finally, the direct implication of these new evidences was to apply our knowledge on IPF treatment on PPFs. It has been postulated that the efficacy and tolerability of the antifibrotic drugs pirfenidone and nintedanib could be evaluated in PPFs11. Th...
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	ABSTRACT
	High-Resolution Computed Tomography (HRCT) plays a central role in diagnosing Idiopathic Pulmonary Fibrosis (IPF) while its role in monitoring disease progression is not clearly defined. Given the variable clinical course of the disease, we evaluated ...
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	METHODS
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	Statistical Analysis
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	Pathological Analysis
	In the 13 patients who were transplanted (Table S2), we quantified the lung pathology (Figure 1A–C). The number of CD20+ B lymphocytes, CD4+ and CD8+ T lymphocytes (considered both individually or all together as total lymphocytes) was significantly i...
	Table 2. Inflammatory cells numbers of the entire population with lung pathology (n=13), of which 6 slow and 7 rapid progressors.
	Values are expressed as median and ranges. P values refers to comparison between slow and rapid progressors.
	Pathological-radiological correlations
	The total number of lymphocytes/mm2 was positively correlated with the HRCT AS in the whole population (Figure 3).
	Figure 3. Relationship between the number of total lymphocytes infiltrating the lung tissue and the HRCT Alveolar Score. The black line represents the correlation in the entire population. White circles indicate slow progressors and red circles rapid ...
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	In the 21 patients who had a follow up HRCT2 (Table S1), we found that both AS and IS increased significantly over time in both groups together (Table S4). When the patients were divided by rate of decline, IS increased over time in both slows and rap...
	Figure 4. Values of Interstitial Score and Alveolar Score of the two serial HRCT scans (HRCT1 at baseline and HRCT2 at follow up). Horizontal bars represent median values; bottom and top of each box plot 25th and 75th, brackets 10th and 90th percentil...
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	Figure 5. Relationship between the change over time in FVC ml (ΔFVC ml/month) and the change over time in Interstitial Score (ΔInterstitial Score/month). The black line represents the correlation in the entire population. White circles indicate slow p...
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	High-Resolution Computed Tomography (HRCT) plays a central role in diagnosing and staging the severity of IPF2,5,7,8,10,12.The HRCT relevance in IPF underlines its potential usefulness as a tool to predict future disease behavior at the time of diagno...
	In this study, we investigated in a group of IPF patients, followed long term (prior to available anti-fibrotic treatment), whether radiological quantification of fibrotic abnormalities and ground glass opacities in HRCT at diagnosis may predict disea...
	According to the annual FVC decline greater or lower than 10%pred, two clinical IPF phenotypes have been repeatedly reported in the literature, the rapid and the slow progressors3-5,27. These phenotypes have been shown to have a distinct gene expressi...
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	Conclusion
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	ABSTRACT
	Antifibrotic treatment slows down functional decline and disease progression in idiopathic pulmonary fibrosis (IPF). High-resolution computed tomography (HRCT) is useful to diagnose IPF; however, little is known about whether and to what extent HRCT c...
	INTRODUCTION
	Idiopathic pulmonary fibrosis (IPF) is a chronic progressive interstitial lung disease (ILD) of unknown etiology that leads to respiratory failure and death within 3-5 years from diagnosis if untreated1. In addition, the clinical course of IPF patient...
	METHODS
	Study population and study design
	In this restrospective longitudinal study, we analyzed a cohort of phenotypically well characterized patients with IPF referred to our center between April 2014 and April 2018 and followed clinically, functionally (FVC, forced vital capacity in one se...
	Sixty-eight patients were included from two ILD centers in Italy (University Hospital of Padova, n= 59 and University Hospital of Foggia, n=9). For all patients the diagnosis of IPF was made in accordance with the ATS/ERS/JRS/ALAT guidelines2,3. Thirt...
	For all patients clinical and lung function data were collected at the time of treatment initiation and at regular time intervals (every three months) for up to 12 months while HRCT was performed at treatment initiation and after 12 months (Table 1). ...
	The study was performed in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of the University Hospital of Padova (4280/AO/17). Informed consent was obtained for all study participants.
	Table 1. Patients demographics and clinical characteristics.
	Values are expressed as numbers and (%) or median and ranges as appropriate. Negative values mean improvement of FVC. To compare demographic data and baseline clinical characteristics between stable and progressors, Chi square test and Fisher t test (...
	Radiological and functional analysis
	For each patient, an HRCT was available at treatment (either pirfenidone or nintedanib) initiation (HRCT1) and at the 12-month follow-up (HRCT2). The HRCTs were performed by a 64 slice Siemens Somatom Sensation (Siemens Healthcare, Erlangen, Germany) ...
	Two expert thoracic radiologists, who were blind to clinical and functional data and timing of HRCT, scored HRCT1 and HRCT2 images independently using a semi-quantitative scale. This represented a modification of the previously reported scoring system...
	Statistical analysis
	Categorical variables are described as absolute (n) and relative values (%) whereas continuous variables are described as median and range. To compare demographic data and baseline clinical characteristics between stable patients and progressors, Chi ...
	Wilcoxon signed rank test was performed to compare HRCT1 and HRCT2 for the grading scores of different variables (AS, IS, HC and IS+HC) in the entire population, in stable patients and progressors. Correlation coefficients between radiological and fun...
	The overall survival was calculated from diagnosis to death or lung transplantation with data censured at June 1st, 2019. The cumulative survival rate was calculated using Kaplan-Meier method and clinical characteristics and radiological scores were e...
	All data were analyzed using SPSS Software version 25.0 (New York, NY, US: IBM Corp. USA). P-values < 0.05 were considered statistically significant.
	RESULTS
	Clinical, functional and radiological evaluation at baseline.
	Sixty-eight patients with IPF were included in the study (Table 1). Most patients were males (81%) and former smokers (59%) with a median age at diagnosis of 66 years (range 44-78). Based on the annual FVC% pred. decline during treatment over the stud...
	Figure 1. Axial HRCT images of two patients: a 53 year-old male with a progression of disease (patient 1) (a, b) and a 63 year-old male with stable disease (patient 2) (c, d). Patient 1: HRCT at treatment start (a) and after one year of treatment (b) ...
	At treatment initiation, sex, smoking history and % of radiological diagnosis did not differ between stable patients and progressors, while progressors tended to be younger and with significantly more preserved FVC and DLCO as compared to stable patie...
	Functional and Radiological evaluation
	Overall, the inter-observer agreement between the two radiologists with regard to change in AS, IS and HC was good (Cohen’s kappa = 0.71 for IS, k=0.76 for AS, k=0.80 for HC). In the entire study population, AS and HC increased significantly between H...
	When the study population was stratified by rate of functional decline, in stable patients HC increased significantly between HRCT1 and HRCT2 from 12 ± 17 % to 17 ± 21 % (p < 0.0001) (Figure 3, Panel B), whereas AS and IS did not (Figure 3, Panel A-C)...
	When IS and HC were pooled together, the IS+HC score increased significantly both in stable patients (from 41 ± 17 % to 47 ± 21 %, p = 0.0005) and progressors (from 42 ± 16 % to 52 ± 25 %,; p = 0.001), respectively (Figure 3, Panel D). Finally, when r...
	Figure 2. Alveolar score, interstitial score, honeycombing and pooled interstitial score and honeycombing at treatment initiation (HRCT1) and after one year of treatment (HRCT2) in the entire study population. Values in the table below are expressed a...
	Figure 3. Change in alveolar score, honeycombing, interstitial score and pooled interstitial score and honeycombing between HRCT1 (at treatment initiation) and HRCT2 (after one year of treatment) in stable patients (n=48) and progressors (n=20). Value...
	Functional and radiological correlations
	In the entire study population, we observed a positive correlation between ΔFVC ml/month and ΔIS+HC/month (r=0.24, p=0.04) (Figure 4), while none of the correlations between ΔFVC ml/month and ΔAS, ΔIS and ΔHC was significant (r=0.10, p=0.40; r= -0.04,...
	The previously observed correlation between ΔFVC and ΔIS+HC/month was confirmed when the change in FVC was expressed as ΔFVC% predicted (r=0.25, p=0.04), whereas the correlations between ΔFVC% pred./month and ΔAS, ΔIS and ΔHC were not significant (r=0...
	For survival analysis and univariate and multivariate analysis of Cox proportional hazards regression testing, see Supplementary Materials.
	Figure 4. Correlation between change over time in FVC ml (ΔFVC ml/month) and change over time in the pooled Interstitial Score and Honeycombing (Δ pooled Interstitial Score and Honeycombing) in the entire study population. Negative values mean improve...
	DISCUSSION
	The present study aimed to assess whether and to what extent radiologic abnormalities evolve after 1 year of antifibrotic treatment and whether these changes correlate with different trajectories of disease course - as assessed by lung function - in p...
	IPF patients display a heterogeneous (and unpredictable) disease course, namely slow or rapid progression24-26. In a cohort of IPF patients stratified in slow and rapid progressors based on their pretreatment rate of FVC decay, we have recently shown ...
	Our study shows that progressors displayed a significant increase of AS over time despite treatment whereas stable patients did not. This is an interesting finding, although the significance of alveolar opacity or ground glass attenuation remains deba...
	Currently, longitudinal HRCT is used predominantly in clinical practice to identify complications of IPF, such as lung cancer or indirect sign of pulmonary hypertension. To the best of our knowledge, this is the first study that explores the role of c...
	Only Iwasawa et al. have investigated longitudinal radiologic abnormalities during treatment in patients with IPF34. The authors reported the utility of quantitative CT analysis for predicting the efficacy of pirfenidone. They compared treated and unt...
	The findings of our study should be interpreted in the light of some limitations, such as the relatively small number of patients. Nevertheless, our study population was larger than that evaluated in previous studies of IPF patients on antifibrotic tr...
	In conclusion, in patients with IPF on antifibrotic treatment, the extent of honeycombing increases over time both in patients experiencing functional decline and in those who remain functionally stable over 12 months, suggesting that CT is able to ca...
	SUPPLEMENTARY MATERIAL
	METHODS
	Statistical analysis
	The overall survival was calculated from diagnosis to death or lung transplantation with data censured at June 1st, 2019. The cumulative survival rate was calculated using Kaplan-Meier method and the difference in the survival time between the two gro...
	RESULTS
	Survival analysis and association between clinical – radiological parameters and survival
	Survival of stable patients was not statistically different from survival of progressors (HR 1.93, 95% CI 0.85 - 4.41; p= 0.11) (Figure 1).
	Figure 1. Survival analysis of stables and progressor patients. The gray line represents the survival in the stables and the red line represents the survival in the progressors. Kaplan Meier analysis was used with a log-rank test (HR 1.93, 95% CI 0.85...
	To detect factors predictive of disease progression in the entire IPF population, we used Cox proportional hazards regression analysis. Univariate analysis of factors associated with survival revealed that FVC (liters (L)) at diagnosis, FEV1 (L) at di...
	Table 1. Predictive factors of overall survival in the entire population of IPF patients treated with antifibrotics
	Values are expressed as HR (95%CI). Univariate and multivariate Cox proportional hazard regression tests were used to determine the relationship of clinical, functional and radiological characteristics with disease progression.
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