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1. INTRODUCTION 

My doctoral thesis focuses on the characteristics of autoimmune disease-

associated interstitial lung diseases (ILDs) and the factors determining progression. 

Following the summary of the literary background, the thesis outlines the main objectives, 

the methodology of scientific publication, the primary results, and endeavors to discuss 

them.  
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1.1. Interstitial lung diseases (ILDs) 

ILDs otherwise known as diffuse parenchymal lung diseases (DPLDs) can affect 

the lung interstitium, terminal bronchioles, alveoli, alveolar capillary network causing 

diffuse inflammatory and – or fibrous lesions leading to functional worsening of the 

lungs. ILDs consist of a heterogenous group of patients (nearly 200 distinct often rare 

diseases) showing similar clinical appearances including symptoms, pulmonary function 

tests (PFT), radiological manifestations (1-3). From an etiological point of view we 

differentiate ILDs with known and unknown origin (3-5). The accurately recorded 

medical history (family and smoking history, occupation, medications, irradiation, 

exposures to organic and anorganic substances) has an extraordinary importance in 

finding the diagnosis (3, 6, 7). The categorization of ILDs is shown in Figure 1. 

 

Figure 1. Categorization of ILDs (3, 8, 9). CTD: connective tissue disease, HP: hypersensitivity 

pneumonitis, IIPs: idiopathic interstitial pneumonias, ILDs: interstitial lung diseases, LAM: 

lymphangioleiomyomatosis. 

Typical clinical symptoms of ILDs are exertional dyspnea and dry cough. 

Abnormal auscultation findings are often detectable above the lungs, in advanced stages 
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velcro-like inspiratory fibrotic crackles might be present, predominantly on the lung 

bases. In cases of a more progressed disease, the use of respiratory accessory muscles and 

digital clubbing can be present (1, 3, 6, 10). Laboratory tests often show the absence of 

abnormal changes, immunoserological tests are important in the differential diagnosis of 

ILD associated with connective tissue disease (CTD) (11-14). PFTs can be normal, 

however patients are mostly characterized by a mild restrictive ventilatory defect with 

decreased static parameters: forced vital capacity (FVC), total lung capacity (TLC), vital 

capacity (VC), functional residual capacity (FRC) and residual volume (RV). A 

proportionate decline in forced expiratory volume in 1 second (FEV1) may be observed. 

Consequently, it is generally expected that the ratio of FEV1 to FVC remains normal or 

even increased. ILDs with simultaneous airway involvement (e.g. asthma bronchiale) 

show concomitant decrease in FEV1/FVC ratio. The diffusion capacity of the lungs for 

carbon monoxide (DLCO) is often reduced in ILDs (3). Arterialized blood gases (ABG) 

can vary from normal to severe hypoxaemia (partial respiratory failure). In the case of 

normal ABG parameters measured at rest, an ABG analysis during physical exertion is 

recommended, for which the 6-minute walk test (6MWT) is an excellent and well-defined 

diagnostic measurement. End-stage global respiratory failure, when associated with 

decreased carbon dioxide elimination can lead to hypercapnia (15). When ILD is 

suspected the gold standard diagnostic imaging modality is high-resolution computed 

tomography (HRCT) (3, 6). Additionally a bronchoscopic procedure for bronchoalveolar 

lavage (BAL) cellular evaluation (lymphocyte, neutrophil, eosinophil, mast cell counts) 

is helpful in the diagnosis. In case of appropriate clinical and radiological context the 

bronchoalveolar lavage (BAL) sample might support the identification or exclusion of 

certain types of ILDs. BAL fluid lymphocytosis (>15%) might indicate NSIP, sarcoidosis, 

HP, drug-induced pneumonitis or CTD-ILD, while neurophil pattern might suggest 

idiopathic pulmonary fibrosis (IPF) (>3%), or possibly CTD-ILD. Usually macrophage 

predominance with smoking history refers to respiratory bronchiolitis interstitial lung 

disease (RB-ILD) or desquamative intersitital pneumonia (DIP). Eosinophilic pattern 

might be related to eosinophilic pneumonia or eosinophilic granulomatosis with 

polyangitiis (former Churg-Strauss syndrome). Nevertheless, a normal BAL cell 

distribution does not exclude the presence of disease (16). BAL cellular patterns are 

summarized in Table 1. 
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Table 1. Summary of BAL cellular patterns in healthy adults and in patients with ILD 

based on the Official Clinical Practice Guideline of the American Thoracic Society (ATS) 

(16).  

I. Normal Adults (nonsmokers) BAL Differential Cell Counts 

• Alveolar macrophages  

• Lymphocytes (CD4+/CD8+= 0.9–2.5)  

• Neutrophils  

• Eosinophils  

• Squamous epithelial*/ciliated columnar 

epithelial cells** 

• 85% 

• 10-15% 

• <= 3% 

• <1% 

• <=5% 

II. Interstitial lung diseases 

Disorders associated with increased percentage of specific BAL cell types 

Lymphocytic cellular pattern Eosinophilic cellular pattern Neutrophilic cellular pattern 

>15% lymphocytes 

• Sarcoidosis (CD4/CD8 

>4) 

• NSIP 

• HP 

• Drug-induced 

pneumonitis 

• CTD 

• Radiation pneumonitis 

• COP 

• Lymphoproliferative 

disorders 

>1% eosinophils 

• Eosinophilic 

pneumonias 

• Drug-induced 

pneumonitis 

• Bone marrow transplant 

• Asthma, bronchitis 

• Churg-Strauss 

syndrome 

• Allergic 

bronchopulmonary 

aspergillosis 

• Bacterial, fungal, 

helminthic, 

Pneumocystis infection 

• Hodgkin’s disease 

>3% neutrophils 

• CTD 

• IPF 

• Infection: bacterial, 

fungal 

• Bronchitis 

• Asbestosis 

• Acute respiratory 

distress syndrome 

• Diffuse alveolar 

damage 

BAL: bronchoalveolar lavage, COP: cryptogen organizing pneumonia, CTD: connective tissue disease, 

IPF: idiopathic pulmonary fibrosis, NSIP: nonspecific interstitial pneumonia. * The presence of squamous 

epithelial cells indicates upper airway secretion contamination. ** Epithelial cells > 5% suggest suboptimal 

sample (BAL cellular patterns should be interpreted with caution). 
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Notably, transbronchial cryobiopsy or video assisted thoracic surgery (VATS) 

might help in establishing the diagnosis when the clinical features are uncertain and the 

HRCT pattern is non-diagnostic (17). However, it is important to note that surgery of the 

ILD lung is associated with high risk of exacerbation of the underlying disease, and has 

a low, but unacceptable mortality rate for a diagnostic procedure (6).  

Ultimately, a multidisciplinary discussion (MDD) is considered to be the 

diagnostic and management reference standard of ILDs. MDDs are participated by 

pulmonologists, radiologists and a pathologist, if a histopathologic sample is available. 

Due to the high number of CTD-ILDs in many cases rheumatologists and immunologists 

are also involved in the work of the MDD. In the future more accurate diagnostic 

guidelines are required in this field (9, 18-20).  
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 1.1.1. Idiopathic interstitial pneumonias (IIPs) 

Idiopathic interstitial pneumonias are characterized by the absence of 

environmental exposure (e.g., dusts, gases, drugs) and are not associated with 

autoimmune diseases. IIP-s include major, rare and unclassified groups as it is shown in 

Figure 2.  

 

Figure 2. Idiopathic interstitial pneumonias (3, 6, 8-10). AIP: acute interstitial pneumonia, COP: 

cryptogenic organizing pneumonia, DIP: desquamative interstitial pneumonia, IIPs: idiopathic 

interstitial pneumonias, IPF: idiopathic pulmonary fibrosis, LIP: lymphoid interstitial pneumonia, 

NSIP: nonspecific interstitial pneumonia, PPFE: pleuroparenchymal fibroelastosis, RB-ILD: 

respiratory bronchiolitis interstitial lung disease. 
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The etiology and pathogenesis of IIPs are still unclear. It is possible to assume 

some kind of inflammatory process in the background, however, according to recent 

theories, the structural changes in the lungs are caused by a pathological healing process 

and regeneration defect. First, the alveolar epithelial cells of the lung and the subepithelial 

basal membrane get damaged, and due to fibroblast proliferation and an abnormal wound 

healing response extracellular matrix (ECM) gets deposited leading to fibrotic changes of 

the lungs. In many ILDs an interaction of environmental damage, infections and genetic 

risk factors might be the trigger causing structural change in the interstitium as described 

above (21-23). However, it should be emphasized that not all IIPs develop fibrosis. Key 

cytokines and molecules involved in pathogenesis are transforming growth factor (TGF) 

-β (enhances collagen production), platelet-derived growth factor (PDGF), tumor necrosis 

factor (TNF) – α, vimentin and actin adhesion molecules for excessive ECM deposition), 

interferon (IFN) -γ deficiency. Familial forms have been associated with α1-antitrypsin 

inhibitor alleles on chromosome 14 and heterogeneous mutations in SFTPC, SFTPA2, 

TERT, TERC genes (10, 23-28). Genome-wide analysis researches found an association 

between a variant of the MUCB promoter (MUC5B) and the appearance of sporadic as 

well as familial IPF (21-23, 29-31). 

The prototype and –very often- a progressive form of IIPs is IPF. IPF occurs 

typically in men who are former or current smokers over the age of 60, while iNSIP with 

more favorable prognosis has a female predominance and is more common in non-

smokers (10, 23, 32, 33). The most common symptoms are exercise induced dyspnea and 

dry cough, as described in the introduction (3, 6, 10). The new diagnostic algorithm 

according to recent clinical practice guidelines is shown in Figure 3 (17). The most 

common radiological HRCT patterns are listed in Table 2. (6, 23, 34).  
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Figure 3. Diagnostic algorithm for idiopathic pulmonary fibrosis (IPF) modified from the Official 

ATS/ European Respiratory Society (ERS)/ Japanese Respiratory Society (JRS)/ Latin American 

Thoracic Society (ALAT) Clinical Practice Guideline (2022) (17). BAL: bronchoalveolar lavage, 

HRCT: high-resolution computed tomography, IPF: idiopathic pulmonary fibrosis, SLB: surgical 

lung biopsy, UIP: usual interstitial pneumonia, TBLC: transbronchial lung cryobiopsy. *BAL 

may be performed before MDD in some patients evaluated in experienced centers.** 

Transbronchial lung cryobiopsy (TBLC) may be preferred to surgical lung biopsy (SLB) in 

centers with appropriate expertise and/or in some patient populations. A subsequent SLB may be 

justified in some patients with nondiagnostic findings on TBLC. # Only in exceptional cases. 
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Table 2. Common radiological patterns of IIPs (modified from references (6, 23, 34)). 

 Usual interstitial 

pneumonia (UIP) 

Probable (p) UIP Indeterminate 

for UIP 

Nonspecific 

interstitial 

pneumonia 

(NSIP) 

Distribution subpleural, basal 

predominant 

subpleural, basal 

predominant 

subpleural, basal 

predominant, 

often variable 

subpleural, basal 

predominant 

HRCT 

pattern 

reticulation, 

honeycombing with or 

without peripheral 

traction bronchiectasis 

or bronchiolectasis, 

GGO (ground glass 

opacity) only within the 

fibrotic areas 

reticular pattern with 

peripheral traction 

bronchiectasis or 

bronchiolectasis 

without 

honeycombing, mild 

GGO 

pattern suggestive 

of fibrosis, which 

is only discretely 

suggestive of UIP 

traction 

bronchiectasis, 

GGO 

overspreads 

fibrosis 

  

Managing IIPs is challenging for respiratory physicians. In ILD-s where 

inflammatory processes dominate the clinical picture (on HRCT often presenting as 

alveolitis), corticosteroids and other immunosuppressive agents might have a therapeutic 

effect (8, 22, 23, 35). Alternatively, azathioprine (AZA) (side effects: hepatotoxicity, 

bone marrow suppression) cyclophosphamide (side effects: hemorrhagic cystitis, nausea, 

vomiting, bone marrow suppression) may be given as a second-line drug, even in 

combination with corticosteroids, especially in acute IIP and cryptogenic organizing 

pneumonia (COP) (22, 23). Consequently, blood count and liver function tests should be 

performed at baseline and during treatment. In the case of smoking-related IIP, smoking 

cessation can lead to regression of the inflammation (22, 23).  
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In IPF, as frontline therapy antifibrotics are recommended to slow the 

fibroproliferative progression (35). Nintedanib is a triple intracellular tyrosine kinase 

inhibitor targeting different growth factor receptors (fibroblast-derived growth factor 

(FDGF), PDGF, VEGF). Randomized controlled trials confirmed its favorable effects 

associated with lung function stabilization, exacerbation reduction and maintaining 

quality of life in IPF. Most frequent adverse events are diarrhea, nausea, nasopharyngitis, 

cough and elevated liver enzymes (36-38). The other antifibrotic drug is pirfenidone, 

which mainly inhibits TGF-β-stimulated collagen synthesis and has anti-inflammatory 

and antioxidant effects. It reduces decline in FVC and improves progression-free survival. 

(39-44). Possible adverse events are nausea, rash, dyspepsia, dizziness, photosensitivity 

reaction, anorexia, elevated transaminases (45-47). Additionally, due to increased risk of 

mortality and hospitalization the use of immunosuppression is not recommended in IPF, 

only during exacerbations high-dose glucocorticosteroids can be initiated (10, 21, 23, 48-

51).  

In addition to these specific therapies, long term oxygen therapy (LTOT) can be 

initiated to support physical activity in the case of hypoxia (52). Lung transplantation is 

the only option that improves survival in fast progressing fibrotic IIPs. For these patients 

lung transplantation is a major indication (23, 53). Promising trials are available regarding 

stem cell-based therapies as novel therapeutic methods (23, 54). 

The role of the ILD MDD in differential diagnosis is crucial. It is important to 

distinguish IIPs from other ILDs of known etiology. Extrapulmonary symptoms like skin, 

joint, and internal organ involvement are characteristic of autoimmune ILD. A small 

percentage of patients with iNSIP may develop manifest connective tissue disease (CTD) 

-ILD. The term interstitial pneumonia with autoimmune features (IPAF) has been 

established for cases exhibiting autoimmune characteristics but not meeting the criteria 

for CTDs (23, 55).  
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1.1.2. Connective tissue disease-associated interstitial lung disease (CTD-ILD)  

CTDs, including systemic sclerosis (SSc), rheumatoid arthritis (RA), systemic 

lupus erythematosus (SLE), idiopathic inflammatory myopathies (IIM), Sjögren’s-

syndrome (SS) might affect the respiratory tract and develop ILD. Notably, in some cases 

the diagnostic criteria of systemic autoimmune disorders are not completely fulfilled and 

at this point the definition of “lung-dominant” CTD should be considered (56-58). 

Moreover, dose-dependent and immune-mediated drug-induced ILDs complicate the 

verification of the exact etiology (59, 60).  

  



18 

 

1.1.2.1. Systemic sclerosis associated interstitial lung disease (SSc-ILD)  

SSc is one of the most common systemic autoimmune disorders affecting 

inflammatory and tissue regeneration pathways. The most common symptoms of SSc are 

skin sclerosis, puffy fingers and Raynaud phenomenon. Depending on skin localization 

and internal organ involvement (61) immunologists differentiate limited cutaneous (lc) 

SSc, diffuse cutaneous (dc) SSc, sine scleroderma (ss) SSc and SSc with overlap 

syndrome (61-63). Discussing subtypes in detail lies beyond the scope of this thesis. 

Direct and indirect pulmonary involvements are distinguished, and lung parenchymal 

abnormalities occur more often in the early period of dsSSc, however they are not as 

prevalent in lcSSc (64). Table 3. shows a summary of the direct and indirect respiratory 

manifestations (13, 65).  

Table 3. Pulmonary manifestations in SSc (65).  

Direct pulmonary manifestations 

PAH 

ILD with or without PH 

Airway disease 

Pleural involvement 

Indirect pulmonary manifestations 

Gastro-esophageal reflux and aspiration 

Infection 

Drug toxicity  

Malignancy 

Respiratory muscle weakness 

Restrictive lung disease from skin involvement 

Secondary cardiac involvement 

Combination of direct and indirect pulmonary manifestations 

Other lung diseases unrelated to SSc 

COPD/emphysema 

Asthma bronchiale 

Pulmonary nodules 

COPD: chronic obstructive pulmonary disease, ILD: interstitial lung diseases, PAH: pulmonary arterial 

hypertension, PH: pulmonary hypertension. 
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Out of these, ILD develops in approximately 80% of SSc patients (in 25-30% a 

progressive form exists) and together with pulmonary hypertension (PH) - which can 

manifest in all form in SSc, including isolated pulmonary arterial hypertension (PAH), 

ILD associated PH and combinations of these - are the leading cause of mortality (13, 66-

71). Typical morphological pattern on HRCT is basal and subpleural NSIP, mainly with 

fibrotic reticulation, traction bronchiectasis and GGO, the latter is rarely reversible. 

Smaller numbers of patients present with UIP or other scarcer patterns (13, 65, 72-74). 

Interestingly, honeycombing occurs more in lsSSc (75). Main pulmonary SSc symptoms 

include dry cough and exercise induced dyspnea. PFT shows restrictive ventilatory defect 

with the reduction of TLC, FVC, FEV1 and DLCO (13, 76-78) . Using a simple staging 

system proposed by Goh et al. prognosis of the disease can be estimated based on HRCT 

extension and FVC (Figure 4.) (79).  

 

Figure 4. Staging system of limited and extensive disease. Figure is based on HRCT scores and 

Goh criteria (79). FVC: forced vital capacity, HRCT: high-resolution computed tomography.   
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Factors favoring the development of SSc-ILD include African-American 

ethnicity, high skin score, hypothyroidism, cardiac involvement, gastroesophageal reflux 

and the presence of anti-topoisomerase I (anti-SCL-70), anti-endothelial cell, anti-

U11/U12 ribonucleoprotein antibodies (13, 65, 80-82). The showing of anti-centromere 

is less prevalent in SSc-ILD, but more common in lsSSc and PAH, whereas anti-SCL-70 

positivity is more common in dsSSc and Ssc-ILD, but less likely to be associated with 

PAH (13, 65). Other factors that are linked with severe restrictive lung disease are a 

decreased baseline FVC and DLCO with an extensive ILD and presence of honeycombing 

on HRCT. Elevated serum C-reactive protein and Krebs von den Lungen-6 level and 

younger age at the time of the diagnosis also worsen prognosis. (65, 69, 83-87).  

Risk factors of progression and mortality alternate each other as expected (69, 85). 

The progression of disease in SSc-ILD may differ depending on whether there is a 

significant, moderate, or major decline in FVC or if FVC remains stable or improves. The 

rate of progression can be rapid or slow, with a longer duration of stable disease or 

improvement (87). Notably, a prospective analysis of The European Scleroderma Trials 

And Research (EUSTAR) database in 2021 found no association between degree of 

progression and mortality (87). Treatment of SSc is routinely based on 

immunosuppressive drugs adjusted by immunologists due to the primary disorder and 

there is no universal treatment guideline for lung dominant SSc (61, 88-90). In SSc-ILD 

cyclophosphamide (CYC) proved to have benefits on lung function, pulmonary and skin 

symptoms compared to placebo and AZA (91, 92). Later, in the Scleroderma Lung Study 

II (SLS II) mycophenolate mofetil (MMF) also showed significant improvement in PFTs, 

lung radiology, pulmonary symptoms and skin score with having a more favorable 

adverse event profile compared to CYC and placebo (93-95). As MMF is better tolerated 

than CYC, it is considered the first therapeutic choice in SSc-ILD (13, 93, 94, 96, 97). In 

case of side effects, AZA may be an option as it is revealed in a few earlier studies (98, 

99). Use of corticosteroids is recommended only in low dosage as corticosteroid therapy 

can increase the risk of scleroderma renal crisis (100-102). Methotrexate (MTX) is 

beneficial for skin related symptoms in early dsSSc, but there is no evidence for 

improvement in any other organ manifestations, including lungs (88). Some promising 

results are available on biological treatments, such as rituximab (RTX) and Interleukin-6 

(IL-6) antagonists showing lung function stabilizing effect (103-106). In a Phase III 
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randomized controlled trial the drug tocilizumab was found to be effective in preserving 

lung function and slowing down the decline in FVC in patients with SSc-ILD (105, 107). 

Randomized trials were conducted to investigate the safety and efficacy of hemopoetic 

stem cell transplantation, however, it is not a generally accepted treatment protocol (108-

110). 

In progressive forms of SSc-ILD nintedanib is a promising therapeutic option. In 

the SENSCIS (A Trial to Compare Nintedanib with Placebo for Patients with 

Scleroderma Related Lung Fibrosis) randomized, placebo-controlled trial its beneficial 

effect was proven regarding lung function decline (annual change in FVC amounted -52.4 

ml per year with nintedanib and -93.3 ml per year in the placebo group, p=0.04). Notably, 

during the SENSCIS study numerous patients were on continuous MMF treatment. The 

side effect profile of nintedanib seemed to be tolerable, with gastrointestinal symptoms 

being observed in the majority of cases (111). In the ongoing (assessed May 2023) 

placebo-controlled Scleroderma Lung Study III (ClinicalTrials.gov indicator: 

NCT03221257) the effects of pirfenidone treatment combining with MMF are currently 

being investigated. The tolerable adverse event profile of pirfenidone is already known, 

though we still have to wait for data on its effectiveness (112). In end-stage organ failure 

lung transplantation can be considered, however, it is a controversial topic as lung 

transplantations and not routinely performed in systemic autoimmune disorders. Only a 

few centers worldwide are offering the procedure to a carefully selected group of SSc 

patients (53, 113-115). Palliation and nonpharmacological care, such as rehabilitation are 

important for maintaining the quality of life in this special patient group (116).  

In summary, slower progression rate of lung function in SSc-ILD may be 

unnoticed by clinicians leading to a delay in the timing of treatment initiation. Therefore, 

close monitoring of this population, and considering risk factors of progression is 

necessary. Combined application of immunosuppressive (ISU) therapy and antifibrotics 

might be advantageous in the future. However, further randomized controlled trials and 

optimal initiation of therapy are necessary (87).  
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1.1.2.2. Rheumatoid arthritis associated interstitial lung disease (RA-ILD) 

RA is a systemic inflammatory disorder leading to polyarthritis, joint destruction 

and synovitis, mainly the metacarpophalangeal and proximal phalangeal joints are 

involved. In the immunserologic tests rheumatoid factor (RF), anti-cyclic citrullinated 

peptide antibody (anti-CCP) are detectable. Pulmonary manifestation is the most common 

extra-articular involvement. Normally, pulmonary symptoms begin after symmetric 

polyarthritis, however, in rare forms of RA respiratory manifestation can overtake joint 

involvements. The complete respiratory system, such as lung parenchyma (ILD (UIP, 

NSIP, COP, LIP, DIP) and rheumatoid nodules), pleura (effusion and nodules), airways 

(obliterative or follicular bronchiolitis, airway hyperreactivity, cricoarytenoid arthritis, 

laryngeal rheumatoid nodules, vocal cord paralysis) and vasculature (PH, vasculitis) 

might be affected. ILD occurs mostly in smoking males over the age of 50. The UIP 

radiological pattern is the most prevalent which is also the main cause of RA disease 

related deaths (14, 117, 118). After identification of the respiratory symptoms and 

radiological signs on the chest X-ray examination, HRCT evaluation and MDD are 

required. In cases where the diagnosis is not clearly established or in cases where infection 

is suspected BAL and / or transbronchial-, cryo-, or surgical lung biopsy are 

recommended (117).  

Treatment is challenging in RA and a multidisciplinary approach in agreement 

with rheumatologists is necessary. As frontline therapy conventional synthetic disease 

modifying anti-rheumatic drugs (DMARD) such as MTX, leflunomide, sulfasalazine or 

glucocorticoids are approved alone or in combination. With such treatment clinical 

remission of NSIP and COP is more likely (117, 119, 120). In the case of no significant  

improvement or when poor prognostic factors are present biological DMARDs, such as 

tumor necrosis inhibitors, RTX or IL-6 inhibitors are favored for improving joint 

complaints, disease activity and severity (117, 119). Introduction of new DMARD 

therapies demands close monitoring due to drug-induced ILDs and increased risk of 

infections (117). In progressive forms of RA-ILD antifibrotic treatment as a second-line 

additive therapy might be a good option in reducing FVC decline and lung involvement 

progression as it is highlighted in section 1.5. (39, 43, 44, 121).  
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1.1.2.3. Other CTD-ILDs 

The respiratory tract and lung parenchyma might also be affected diversely in later 

stages of other rheumatic disorders with a wide variety of symptoms, from mild to life 

threatening pulmonary involvement. It has to be pointed out, that in rare forms of the 

disease the pulmonary manifestation can precede skin and musculoskeletal lesions (122). 

In SLE pleuritis, pleural effusion, airway manifestations, organizing pneumonia (OP), 

infections of the lung parenchyma, acute lupus pneumonitis, diffuse alveolar hemorrhage, 

pulmonary embolism due to antiphospholipid syndrome, often PH can be detected. ILD 

is only recognized in rare cases of SLE and the disease course is more benign in contrast 

to other CTD-ILDs. Shrinking lung syndrome in SLE refers to diaphragm dysfunction 

(122-128). SS mostly causes exocrine gland inflammation and can appear as a primary 

disorder or in association with other CTDs. In the case of pulmonary manifestation, distal 

airways might be affected and ILD – most frequently fibrosing NSIP (45%), occasionally 

OP, UIP or LIP- may be present in this chronic autoimmune disorder (122, 129). The 

combined presence of the autoimmune diseases that are mentioned above is called mixed 

connective tissue disease (MCTD). Its main clinical involvement of the respiratory 

system are serositis, PH and ILD (122, 130-134).  

The term of IIM comprises disorders with myositis. Myalgia, skin involvement 

(periorbital rash, erythematous papules on the chest, neck, extensor surfaces of elbows 

and, Gottron papules) and extra-muscular manifestations including lung involvement can 

be present in IIMs. The latter has a significant effect on mortality and morbidity (135-

140). ILD is the most common respiratory manifestation in IIM and occurs mostly in 

dermatomyositis and in anti-tRNA synthetase syndrome. It may be present before 

musculoskeletal and skin lesions (135, 141). Anti-melanoma differentiation-associated 

protein 5 (MDA5) positive ILD marks a severe form of acute ILD in dermatomyositis 

(142, 143). On HRCT, NSIP, OP or their overlapping form are most often visible. UIP 

pattern is associated with the presence of anti-Jo-1 antibodies (135, 144-146). 
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Diagnosis is crucial in systemic autoimmune disorders because of treatment 

benefits. In Hungary specialized treatments are initiated by immunologists. Clinical 

symptoms, specific serological findings are important pillars in diagnosis. Additionally, 

in some cases histological biopsy is needed (e.g. in IIMs). Bronchoscopy and BAL cell 

distribution in existing respiratory involvement is helpful in excluding other pulmonary 

diseases (e.g. infection, malignancy, diffuse alveolar hemorrhage) (122). PFT supports 

the differentiation between obstructive airway and restrictive interstitial involvement, 

decrease in diffusion parameters suggest the presence of ILD or PH. Reduced maximal 

inspiratory and expiratory pressures refer to diaphragm dysfunction. Surgical lung biopsy 

or transbronchial cryobiopsy are only considered in a few exceptional cases (135). In 

SLE, SS and MCTD treatment is needed only in symptomatic forms, and in cases of high 

disease activity, it tends to be more profitable in NSIP. Nonsteroidal anti-inflammatory 

drugs and colchicine seem to be beneficial in pleuritis. In progressive forms, the 

antifibrotic nintedanib is adjustable as it is discussed in Section 1.5. (17, 122). 

Management in IIM-ILD is based on corticosteroids and ISU drugs (MMF, CYC, RTX, 

AZA), adjusted and controlled according to disease severity(135). 
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1.1.3. Interstitial pneumonia with autoimmune features (IPAF)  

In recent years, many studies have been conducted on cases where interstitial 

pneumonia is clinically and serologically associated with autoimmune characteristics and 

it can be assumed that there is an autoimmune disorder in the background that does not 

yet meet the definition of obvious CTDs. For this reason numerous nomenclatures were 

born such as undifferenciated CTD (UCTD), lung-dominant CTD, autoimmune-featured 

ILD, early CTD, overlap CTD – created by research groups all over the world (57, 147-

151). In 2015 Task Force on Undifferenciated Forms of CTD-associated ILD of the ERS 

and the ATS proposed a new concept for this phenomenon: interstitial pneumonia with 

autoimmune features (IPAF) (55) (Figure 5).  

 

Figure 5. Position of IPAF in ILD continuum (152). CTD: connective tissue disease, IIP: 

idiopathic interstitial pneumonia, IPAF: interstitial pneumonia with autoimmune features, IPF: 

idiopathic pulmonary fibrosis, UCTD: undifferentiated connective tissue disease, UILD: 

undifferentiated interstitial lung disease. 

Therefore, IPAF as a research entity is established for a special subgroup of 

patients characterized by IIP, who have the clinical feature of underlying CTD, but lack 

the current criteria for CTDs. It is a controversial topic, whether IPAF is a pulmonary 

manifestation of a systemic disorder or an autoimmune process affecting primary the 

lungs (153). The classification criteria of IPAF is based on 4 pillars: presence of an 

interstitial pneumonia on HRCT imaging or surgical lung biopsy, exclusion of alternative 

ILD etiologies, such as occupational and enviromental exposures, insufficiency for the 
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criteria of current CTDs, one feature from at least two of clinical, serological and 

morphological domains (55, 153). Classification criterias and different domains are 

summarized in Table 4. 
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Table 4. Classification criteria of IPAF (modified from reference 153).  

1. Presence of an interstitial pneumonia (by HRCT or surgical lung biopsy) and, 

2. Exclusion of alternative aetiologies and, 

3. Does not meet criteria of a defined connective tissue disease and, 

4. At least one feature from at least two of these domains: 

A. clinical domain 

B. serological domain 

C. morphological domain 

A. Clinical domain 

1. Distal digital fissuring (i.e. “mechanic’s hands”) 

2. Distal digital tip ulceration 

3. Inflammatory arthritis or polyarticular morning stiffness ⩾60 min 

4. Palmar telangiectasia 

5. Raynaud’s phenomenon 

6. Unexplained digital oedema 

7. Unexplained fixed rash on the digital extensor surfaces (Gottron’s sign) 

B. Serological domain 

1. ANA ⩾1:320 titre, diffuse, speckled, homogeneous patterns or  

a. ANA nucleolar pattern (any titre) or 

b. ANA centromere pattern (any titre) 

2. Rheumatoid factor ⩾2× upper limit of normal 

3. Anti-CCP 

4. Anti-dsDNA 

5. Anti-Ro (SS-A) 

6. Anti-La (SS-B) 

7. Anti-ribonucleoprotein 

8. Anti-Smith 

9. Anti-topoisomerase (Scl-70) 

10. Anti-tRNA synthetase (e.g. Jo-1, PL-7, Pl-12, EJ, OJ, KS, Zo, tRS) 

11. Anti-PM/Scl 

12. Anti-MDA-5 

C. Morphological domain 

1. Suggestive radiology patterns by HRCT: 

a. NSIP 

b. OP 

c. NSIP with OP overlap 

d. LIP 

2. Histopathology patterns or features by surgical lung biopsy: 

a. NSIP 

b. OP 

c. NSIP with OP overlap 

d. LIP 

e. Interstitial lymphoid aggregates with germinal centres 

f. Diffuse lymphoplasmacytic infiltration (with or without lymphoid follicles) 

3. Multicompartment involvement (in addition to interstitial pneumonia): 

a. Unexplained pleural effusion or thickening 

b. Unexplained pericardial effusion or thickening 

c. Unexplained intrinsic airways disease* (by PFT, imaging or pathology) 

d. Unexplained pulmonary vasculopathy 

ANA: antinuclear antibody, Anti-CCP: anti-cyclic citrullinated peptide antibody, ds: double-stranded, 

HRCT: high-resolution computed tomography, LIP: lymphoid interstitial pneumonia, NSIP: nonspecific 

interstitial pneumonia, OP: organizing pneumonia, PFT: pulmonary function testing, SS: Sjögren's 

syndrome, tRNA: transfer ribonucleic acid * Includes airflow obstruction, bronchiolitis or bronchiectasis. 
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So far, mainly retrospective researches have been available about IPAF, we are 

aware of only a few prospective cohort studies (154-159). In most studies the mean age 

of patients is 60-70 years and the majority of patients are female. (154-158, 160-162). 

However, in some studies a male predominance was proven (156, 160, 161). In the PFT 

a slight restrictive pattern with DLCO reduction is characteristic (154-157, 160, 161). Most 

common clinical symptoms are Raynaud phenomenon and inflammatory arthritis. Most 

frequently detected antibodies are anti-nuclear antibodies (ANA) and anti-SSA (Ro52 

and Ro60) and NSIP is the predominant radiological pattern (163). UIP pattern was not 

added to morphological domains as there is a probability that there is an underlying 

autoimmune process with UIP pattern. However, patients with UIP might have IPAF, if 

they meet at least one clinical or serological domain or other morphologic involvement 

(55). Notably, when UIP pattern is confirmed, a worse, IPF-like prognosis is expected. In 

comparison to non-UIP pattern, which is associated with a much more favorable, CTD-

ILD like prognosis and survival (151, 153, 164). In a prospective nationwide multicentre 

cohort study IIP patients were divided according to their presentation of the IPAF criteria. 

This study shed light on, what autoimmune characteristics are accompanied with more 

favourable prognosis (159). 

Only a few studies focused on treatment approach for IPAF. Therapeutic strategy 

is mainly based on ISU drugs due to CTD similarity and encouraging results are available 

for CYC, while MMF effectiveness requires more clinical investigations (163, 165-168). 

In case of UIP pattern, patients might benefit from the progression moderating effect of 

antifibrotics, such as pirfenidone and nintedanib (39, 44). 

The boundary between early or incomplete CTDs, UCTD and IPAF is probably 

very uncertain and the criteria systems of the latter two groups might overlap with each 

other. In many cases, IPAF and UCTD might progress into real CTD (RA, SS, IIM) (151, 

169). There would be a great demand for accurate differentiation and the exact 

establishment of criteria systems, in order to better understand the nature of the diseases, 

as well as the correct therapeutic approaches (153).  
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1.1.4. Progressive pulmonary fibrosis (PPF) 

While IPF is the most common form of progressive ILD, a progressive fibrosing 

phenotype can develop in conditions other than IPF, despite clinicians choosing the best 

available treatment. Progressive pulmonary fibrosis (PPF) is accompanied by similar 

disease course like IPF, with worsening and/or severe respiratory symptoms, reduced 

lung function, deterioration of quality of life and ultimately increased risk of mortality. 

Previously, the literature and clinical trials referred to these entities as progressive 

fibrosing ILD (PF-ILD). However, the classification criteria were not uniform leading to 

much confusion. The most widely accepted diagnosis included worsening of clinical 

symptoms (dyspnea), an increase in the extent of the radiological pattern, and impaired 

PFT values (35, 42, 170, 171). In 2022, an unified definition was created under the name 

of progressive pulmonary fibrosis (PPF) published in the clinical practice guideline of the 

world's major respiratory societies (ATS, ERS, JRS, ALAT) (17). For setting up diagnosis 

two of the following three points must be fulfilled: 

1. Worsening of respiratory symptoms within 1 year 

2. Physiological progression 

• Absolute decline in FVC ≥ 5% predicted within 1 year of follow-up 

• Absolute decline in DLCO (corrected for hemoglobin) ≥10% predicted within 

1 year of follow-up 

3. Radiological progression in extent or severity within 1 year (e.g. of traction 

bronchiectasis or bronchiolectasis, GGO, reticular abnormality, honeycombing, 

increased lobar volume loss) (17). 

There is no guideline for the monitoring of PPF, but it is preferable to use the IPF 

protocol and repeat PFT-s and 6MWT-s every 4-6 months, accompanied by HRCT every 

12-24 months. Or if clinically indicated (worsening of symptoms or suspicion of 

exacerbation), earlier (17). In the therapeutic point of view, the guideline makes a clear 

recommendation to apply the antifibrotic drug nintedanib, if the patient progresses to PPF 

despite standard treatment of the underlying disease. Efficacy of nintedanib was proven 

in the Efficacy and Safety of Nintedanib in Patients with Progressive Fibrosing Interstitial 

Lung Disease (INBUILD) trial. In this randomized, double-blind study patients from 15 

countries, with different types of PPF (CTD-ILD, hypersensitivity pneumonitis (HP), 
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iNSIP, unclassifiable IIP) received nintedanib or placebo during a 52-week follow-up 

period. The annual rate of FVC decline was significantly lower in patients on the 

nintedanib arm compared to placebo treatment group (mean: -80.8 ml vs. – 187.8 ml/year) 

for the entire population (39). At the same time, the new guideline encourages further 

research on the field of using pirfenidone as its application in PPF has insufficient 

evidence so far (17, 43). 
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2. OBJECTIVES 

1. Determination of the patient characteristics, clinical symptoms and serological 

findings in CTD-ILD and IPAF population in Hungary 

2. Evaluating the decline in functional stability and estimating the prevalence of PF-

ILD* in the CTD-ILD and IPAF population 

3. Investigation of factors influencing progression of disease in CTD-ILD and IPAF 

4. Determining patient characteristics and clinical symptoms in the Hungarian SSc-

ILD population 

5. Analysis of HRCT pattern and involvement, lung function abnormalities and 

serological findings in SSc-ILD 

6. Evaluating the distribution of PF-ILD according to treatment subgroups in SSc-

ILD and factors of functional decline 

* At the time of the studies PPF guideline was still not in place, PF-ILD is representing 

functional decline as in later PPF guideline. 
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3. METHODS 

3.1. CTD-ILD/IPAF study population 

Our study cases were chosen from ILD patients who were discussed during MDD 

at the Department of Pulmonology at Semmelweis University (172). Data were processed 

between the evaluation period of January 2017 and June 2019, retrospectively. During 

this time our MDD viewed 511 ILD suspected cases. Out of these ILD was confirmed 

among 380 subjects (74.4%) and these were divided into four groups by MDD experts: 

(1) ILDs with known etiology (N=136, 26.4 %) including mainly confirmed CTD-ILD 

(N=107, 20.9%) and HP (N=29, 5,7%) cases; (2) IIPs including idiopathic pulmonary 

fibrosis (IPF), idiopathic non-specific interstitial pneumonia (iNSIP), and other IIPs; (3) 

granulomatous diseases; and (4) other rare forms of ILDs according to current guidelines 

(8, 10) (Figure 6.). IPAF subjects were classified into the first group due to their 

autoimmune traits, in spite of that, IPAF was taken into consideration as a separate entity. 

In summary, this study focused on ILDs with autoimmune features and the study 

population consisted of 63 CTD-ILD [32 SSc (50.8%), 13 RA (20.6%), 6 SLE (9.5%), 4 

DM/PM (6.4%), 2 vasculitis (3.2%)], 6 other type of ILD (9.5%) and 44 IPAF patients. 

(Figure 6.) (173). CTD diagnosis was set up according to the internationally accepted 

American College of Rheumatology/European League Against Rheumatism 

Collaborative Initiative (EULAR-ACR) clinical and serologic criteria by rheumatology 

specialists working at specific centers in Central Hungary. CTDs consisted of RA, SSc, 

SLE, vasculitis, IIM (PM/DM), and other categories (MCTD and UCTD) (63, 174-180). 

IPAF diagnosis was made using the classification criteria proposed by ERS/ATS in 2015, 

considering clinical, serological and morphological domains as described in the 

Introduction chapter (55, 153). To examine the suspicion of underlying CTD, all IPAF 

patients were referred to rheumatologists at the time of diagnosis or later on, when clinical 

symptoms appeared. During the observational period none of them progressed manifest 

CTD (173).  
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In each case a detailed medical history including comorbidities and physical 

examination was performed at baseline. The follow-up visits focused on clinical 

symptoms, such as dry or productive cough, sputum production, chest and joint pain and 

infections were assessed thoroughly. Baseline PFT, HRCT and ABG measurements were 

completed at the time of ILD diagnosis. 6MWT as performed to assess functional exercise 

capacity. This test checks how far a person can walk quickly on a flat surface in 6 minutes. 

It helps understand how the body responds during exercise, involving breathing, heart, 

circulation, muscles, and nerves. During the 6MWT, dyspnea at baseline and post-test 

was assessed using the Borg scale, where a score of 0 indicated no dyspnea, and a score 

of 10 represented dyspnea at its most severe (181). HRCT examination was also 

performed in both inspiration and expiration phase using Philips Ingenuity Core 64 and 

Philips Brilliance 16 CT scanners. The radiological features of each ILD morphology, 

such as NSIP, pUIP and UIP can be reviewed in details in the Introduction section. The 

extent of GGO, fibrosis, bronchiectasis and honeycombing were identified by MDD 

specialists for all the 5 lung lobes based on visual scoring method (182). PFTs consisted 

of the measurement of FVC, FEV1, FEV1/FVC and TLC according to ATS and current 

ERS guidelines (183, 184). DLCO was assessed with the single breath CO method and 

transfer coefficient of the lung for carbon monoxide (KLCO) was also determined (PDD-

301/s, Piston, Budapest, Hungary). Multidimensional gender–age–physiology (GAP) 

index was calculated which is originally an important tool in IPF to predict mortality, but 

it is also validated for CTD-ILD (185, 186). Blood sampling for autoantibodies consisted 

of ANA, RF, anti-CCP, anti-RNA polymerase, anti-centromere, anti-proliferating cell 

nuclear antigen (APCNA), anti-Ku, anti-P-ribosomal, anticytoplasmic, anti-cytoskeleton, 

anti-chromatin, anti-Smith, anti-myeloperoxidase, anti-proteinase-3, anti-Jo-1, anti-SS-

A, anti-SS-B, anti-SCL-70, anti-ribonucleoprotein (RNP), and anti-neutrophil 

cytoplasmic antibodies (ANCA). The long-term follow-up included pulmonary (PFT 

measurements, blood samplings, ABG, chest X-ray or HRCT) and rheumatology controls 

according to the patients’ disease requirements. PF-ILD was determined as annual 

relative FVC decline ≥5% and parallel deterioration of clinical symptoms or progression 

of fibrosis on HRCT (170). Follow-up time was available in 59 cases (CTD-ILD=34, 

IPAF=25), an average of 24 months(173). 
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3.1.1. Statistical analysis 

Analysis was performed using the GraphPad software (GraphPad Prism 5.0 

Software, Inc., La Jolla, CA, United States) and SPSS v25 (IBM Corporation, Armonk, 

NY, United States). Parametric variables are expressed as mean ± standard deviation. 

Normality of the data was examined with Kolmogorov–Smirnov test. Student’s t-test for 

normally distributed data; a Mann–Whitney U-test was used for evaluation the 

differences between subgroups. Comparison of categorical variables was implemented 

with Chi squared test and two-tailed Fisher’s exact test. Cox proportional hazards 

regression model was used to detect possible prognostic factors of progression. All % 

values are expressed for the whole study population (all patients) or respective subgroups 

as indicated. A p-value <0.05 was defined as statistically significant (173). 
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3.2. SSc-ILD study population 

In our retrospective study we evaluated SSc-ILD patients (based on ICD10 J84 

and M34 codes) discussed by the MDD of the Department of Pulmonology at 

Semmelweis University. Establishing a diagnosis of SSc and initiating treatment were 

determined by experts at immunological-rheumatological centers in central Hungary, 

guided by the EULAR-ACR criteria. (63). The prevalence of dcSSc (93%) was 

predominant in comparison to lcSSc which was only present in 4 cases. The treatment of 

patients with skin involvement was carried out by dermatology specialists and this 

research did not assess skin manifestations in detail. All patients were presented and 

discussed by the MDD. Thus, during the evaluation period between January 2017 and 

June 2019, 54 SSc-ILD patients were identified and out of these, 42 subjects had 

longitudinal functional and radiological data until June 2021. Study subgroups were 

formed based on the currently ongoing therapy of the participants. The subgroups were 

the following: patients without treatment (n = 12), patients undergoing ISU therapy (CYC 

or MMF with or without low-dose glucocorticoids), n = 21) and patients receiving 

biological therapy (RTX or tocilizumab) (n = 9). The patient enrollment is summarized 

in Figure 6.(187)  

In our longitudinal investigation data were acquired from e-MedSolution 

informatic system. Medical history, including pulmonary symptoms, exposures, body 

mass index (BMI), comorbidities and medication were registered. Dyspnea was assessed 

by using the Borg dyspnea scale (188). Patients BMI were categorized based on World 

Health Organization (WHO) definition: underweight range - under 18.5 kg/m2, healthy 

weight range - between 18.5 kg/m2 and 24.9, overweight range – between 25.0 and 29.9 

kg/m2, and obese range between 30.0 and 39.9 kg/m2. Physical examination, chest X-ray 

were performed and ILD was verified by HRCT examination. Processes of HRCT and 

PFT measurements match the technique described in the Methods part of CTD-

ILD/IPAF(173, 187). 

To predict mortality GAP score was calculated. Physical activity was measured 

by using the 6MWT. Arterialized capillary blood gases (ABGs), blood samples for 

serologic antibodies used in clinical routine were also performed(187).  
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The follow-up period and treatment time until June 2021 amounted to at least 31 

months (in the longest case 53 months) included PFTs, DLCO, KLCO tests, radiological 

check-ups and therapy management. In our study we defined PF-ILD as an annual relative 

FVC decline ≥5% and a deterioration of clinical symptoms or a progression of features 

on HRCT, simultaneously. Rheumatological controls took place independently (170, 

187). 

3.2.1. Statistical analysis 

For statistical analysis we used Graph Pad software (GraphPad Prism 5.0 

Software, Inc., La Jolla, CA, USA) and Microsoft Excel (Microsoft Corporation, 

Redmond,DC, USA). Continuous variables are presented as mean and standard deviation. 

Testing for normality of the distribution was performed by Kolmogorov-Smirnow test. 

Differences between the groups were compared with Student’s t test (for normally 

distributed continuous data), otherwise the Mann–Whitney U test was used. For 

investigation parametric variables between therapeutic subgroups Analysis of variance 

(ANOVA) and Tukey’s post hoc analysis were applied. We used the chi-squared test and 

two-tailed Fisher’s exact test for analyzing the non-parametric data. Predictors of the 

progression were calculated using the odds ratio and plot analysis. Correlation test 

between the BMI and FVC was performed by logarithmic transformation. All % values 

are expressed for the whole study population (all patients) or respective subgroups as 

indicated. A p-value < 0.05 was determined as statistically significant (187).  
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4. RESULTS 

4.1. Determination of the patient characteristics, clinical symptoms and serological 

findings in the CTD-ILD and IPAF population in Hungary 

In our first study 107 patients with autoimmune featured ILD or confirmed CTD 

fulfilled the inclusion criteria for enrollment, and they were divided into CTD-ILD 

(N=63) and IPAF (N=44) subgroups. The patient characteristics and clinical symptoms 

are summarized in Table 5.  

Table 5. Patient characteristics (173). 

Parameters All patients 

(N = 107) 

CTD-ILD 

(N = 63) 

IPAF 

(N = 44) 

p-value 

Age (years) 63.8 ± 13.9 59.7 ± 14.1 69.6 ± 11.5 <0.001 

Sex (male/female) N 32:75 13:50 19:25 0.018 

Ever smoker/Non-smoker N 44:63  22:41 22:22 0.118 

Symptoms N (%) – – – – 

Dyspnea 74 (69.2) 37 (58.7) 37 (84.1) 0.006 

Cough 63 (58.6) 34 (54.0) 29 (65.9) 0.237 

Dry cough 38 (35.5) 19 (30.2) 19 (43.2) 0.218 

Sputum 25 (23.4) 15 (23.8) 10 (22.7) 1.000 

Chest pain 20 (18.7) 10 (15.9) 10 (22.7) 0.452 

Joint pain 57 (53.3) 36 (57.1) 21 (47.7) 0.431 

Clubbing 12 (11.2) 4 (6.4) 8 (18.2) 0.068 

Weight loss 16 (15.0) 3 (4.8) 13 (29.6) 0.001 

Crackles 63 (58.9) 31 (49.2) 32 (72.7) 0.017 

Raynaud’s phenomenon 32 (29.9) 27 (42.9) 5 (11.4) <0.001 

CTD subtype N (%) – – – – 

RA – 13 (20.6) – – 

SSc – 32 (50.8) – – 

SLE – 6 (9.5) – – 

Vasculitis – 2 (3.2) – – 

DM/PM – 4 (6.4) – – 

Others (MCTD, UCTD) – 6 (9.5) – – 

P-value indicates the comparison between CTD-ILD and IPAF groups. BMI: body mass index, CTD-ILD: 

connective tissue disease-associated interstitial lung disease, IPAF: interstitial pneumonia with autoimmune 

features, MCTD: mixed connective tissue disease, PM/DM: polymyositis/dermatomyositis, RA: 

rheumatoid arthritis, SSc: systemic sclerosis, SLE: systemic lupus erythematosus, UCTD: undifferentiated 

connective tissue disease. Statistically significant values were highlighted with bold in the tables. 
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The average age was 63.8 years and CTD subjects were notably younger 

compared to the IPAF subgroup (59.7 vs. 69.6, p<0.001). There was a female 

predominance in the whole study population, notably there was a significant difference 

in women between the 2 subgroups in favor of the CTD subgroup. There was a balanced 

smoking exposure in the IPAF subgroup, while two thirds of patients in the CTD 

subgroup considered themselves non-smokers. In the whole population the most common 

symptoms were in decreasing order of prevalence: dyspnea (69.1%), crackles (58.9%), 

cough (58.6%). More than half of the patients had articular involvement. In summary, 

significantly more patients suffered from dyspnea, weight loss, crackles in the IPAF 

group and Raynaud’s phenomenon occurred more often in the CTD subgroup. GAP index 

points were remarkably better in the CTD-ILD subgroup in contrast to the IPAF 

population (1.8 vs. 2.5, p=0.07). In the serological testing ANA, anti-chromatin and RF 

antibodies were most frequently present. It has to be pointed out that no serological 

differences were detected between the two groups (Table 6) (173).  
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Table 6. Autoimmune serology (173). 

Autoantibodies N (%) All patients  

(N= 107) 

CTD-ILD  

(N = 63) 

IPAF  

(N = 44) 

p-value 

ANA  71 (66.4) 43 (68.3) 28 (63.6) 0.330 

RF  22 (20.6) 11 (17.5) 11 (25.0) 0.466 

Anti-CCP  10 (9.4) 5 (7.9) 5 (11.4) 0.738 

Anti-RNA-polymerase  0 0 0 – 

Anti-centromere  1 (0.9) 1 (1.6) 0 – 

Anti-PCNA  2 (1.9) 1 (1.6) 1 (2.3) 1.000 

Anti-Ku  0 0 0 0 

Anti-P-ribosomal  0 0 0 0 

Anti-cytoplasmatic  27 (25.2) 17 (27.0) 10 (22.7) 0.658 

Anti-cytoskeleton  0 0 0 0 

Anti-chromatin 32 (29.9) 19 (30.1) 13 (29.6) 1.000 

Anti-Smith 4 (3.7) 2 (3.2) 2 (4.6) 1.000 

Anti-myeloperoxidase 2 (1.9) 2 (3.2) 0 – 

Anti-proteinase-3 1 (0.9) 1 (1.6) 0 – 

Anti-Jo-1 3 (2.8) 2 (3.2) 1 (2.3) 1.000 

Anti-SS-A 18 (16.8) 12 (19.1) 6 (13.6) 0.602 

Anti-SS-B 5 (4.7) 3 (4.8) 2 (4.6) 1.000 

Anti-SCL-70 17 (15.9) 17 (27.0) 0 – 

Anti-RNP 10 (9.3) 8 (12.7) 2 (4.6) 0.192 

ANCA 8 (7.5) 4 (6.4) 4 (9.1) 0.714 

P-value indicates the comparison between CTD-ILD and IPAF groups. ANA: anti-nuclear antibodies, 

ANCA: anti-neutrophil cytoplasmic antibodies, Anti-CCP: anti-cyclic citrullinated peptide antibodies, 

Anti-SCL-70: anti-topoisomerase I antibodies, Anti-RNP: anti-ribonucleoprotein antibodies, APCNA: anti-

proliferating cell nuclear antigen, CTD-ILD: connective tissue disease-associated interstitial lung disease, 

IPAF: interstitial pneumonia, RF: rheumatoid factor. Statistically significant values were highlighted with 

bold in the tables. 

This section of the thesis does not cover the baseline functional and radiological 

characteristic of the subgroups (173). 
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4.2. Evaluating the decline in functional stability and estimating the prevalence of 

PF-ILD in the CTD-ILD and IPAF population 

During the observation period an average of 24 months 34 CTD-ILD (23.5% 

males; mean age 58.4 ± 13.0 years) and 25 IPAF (48.0% males; mean age 69.0 ± 12.5 

years) patients had longitudinal functional data. The annual FVC decline from baseline 

was more pronounced among IPAF cases in comparison to the CTD-ILD cases (-53.1 ± 

0.3 ml vs. 16.7 ± 0.2 ml; p=0.294) (Figure 7). However, 68.0% (17/25 patients) were 

stable or did not worsen in the IPAF subgroup as compared to 82.4% (28/34 patients) in 

the CTD-ILD subgroup (p=0.200). According to the definition described in the Methods 

section during the follow-up period 14 patients fulfilled our PF-ILD criteria: 6 cases in 

the CTD-ILD subgroup (RA (N=3), SSc (N=2), other (N=1)) and 8 in the IPAF subgroup 

(173). 

 

Figure 7. Longitudinal follow-up of CTD-ILD and IPAF patients: percent change in FVC. Each 

column represents an individual person. CTD-ILD: connective tissue disease-associated 

interstitial lung disease, FVC: forced vital capacity, IPAF: interstitial pneumonia with 

autoimmune features, PF-ILD: progressive fibrosing ILD (173). 
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4.3. Investigation of factors influencing progression of disease in CTD-ILD and 

IPAF 

In our study, we detected possible prognostic factors for functional progression of 

disease (PF-ILD) in autoimmune mediated ILDs. These factors include malignancy as a 

comorbidity, anti-SS-A antibody positivity, and post-exercise pulse increase at the 

6MWT (Table 7). Altogether 7 patients (2 males, 5 females) suffered from malignancies. 

The following cancerous diseases were present: chronic lymphocytic leukemia (N=1), 

lung (N=2), ovarian (N=1), breast (N=1), esophageal (N=1), and laryngeal cancer (N=1) 

(173). 
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Table 7. Factors influencing functional progression (173). 

Factor HR 95% CI p-value 

Patient comorbidities    

Hypertension 1.3 0.3 to 4.7 0.721 

Thyroid disorder 11.9 0.8 to 182.8 0.076 

Malignancy 8.2 1.3 to 50.8 0.024 

PH 1.5 0.3 to 6.9 0.584 

Smoking 1.1 0.3 to 4.7 0.891 

BMI 0.9 0.8 to 1.1 0.21 

ABG    

pH 21.8 0.0 0.936 

pCO2 0.1 0.8 to 1.2 0.990 

pO2 0.9 0.8 to 1.1 0.366 

6MWT    

Distance (m) 1.0 1.0 to 1.0 0.309 

SpO2 baseline 1.7 0.8 to 3.6 0.173 

SpO2 post-exercise 0.9 0.6 to 1.3 0.474 

Pulse baseline 1.0 0.9 to 1.1 0.783 

Pulse post-exercise 1.1 1.0 to 1.3 0.043 

Borg scale baseline 0.7 0.1 to 4.4 0.722 

Borg scale post-exercise 0.6 0.2 to 1.8 0.403 

HRCT pattern 1.2 0.6 to 2.5 0.632 

Autoantibodies    

RF 3.3 0.2 to 46.0 0.380 

Anti-CCP 1.6 0.1 to 18.2 0.730 

Anti-PCNA 0.0 0.0 0.992 

Anti-cytoplasmatic 5.4 0.6 to 48.1 0.134 

Anti-chromatin 0.5 0.1 to 2.8 0.411 

Anti-Jo-1 6.1 0.1 to 482.1 0.416 

Anti-SS-A 13.1 1.7 to 100.5 0.013 

Anti-SS-B 2.2 0.0 to 279.5 0.745 

Anti-SCL-70 1.0 0.1 to 12.9 0.980 

Anti-RNP N 2.1 0.2 to 27.6 0.579 

ANCA 0.0 0.0 0.997 

6MWT: 6-min walk test, ABG:  arterialized capillary blood gases, ANCA: anti-neutrophil cytoplasmic 

antibodies, Anti-CCP: anti-cyclic citrullinated peptide antibodies, Anti-SCL-70: anti-topoisomerase I 

antibodies, APCNA: anti-proliferating cell nuclear antigen; BMI: body mass index, CI: confidence interval, 

HR: hazard ratio, HRCT: high- resolution computed tomography, PH: pulmonary hypertension, pH: 

potential of hydrogen, RF: rheumatoid factor. Statistically significant values were highlighted with bold in 

the tables. 
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4.4. Determining patient characteristics and clinical symptoms in the Hungarian 

SSc-ILD population 

Patient characteristics and serological patterns are summarized in Table 8 and 9. 

The SSc-ILD population had a mean age of 58.7 years, nevertheless, this was higher in 

the no treatment subgroup (66.1 years). In the whole population a female predominance 

was present (87.0%) and 74.1% of the subjects were non-smokers. Most patients were in 

Stage I (0-3 points) in their GAP index, while only 2 of the followed patients were in 

Stage II (4-5 points). The average BMI was in physiological range in the no treatment 

subgroup (23.6 kg/m2). On the other hand, overweight was noted in both the ISU (25.0 

kg/m2) and in the biological treatment subgroups (26.4 kg/m2). Respiratory symptoms, 

like dyspnea and crackles were present in the largest proportion, followed by Raynaud’s 

phenomenon, joint pain and finger clubbing. Among those who were on ISU therapy 

cough appeared significantly less in comparison to other subgroups. Gastrointestinal 

symptoms were present in 18.5% of cases, mainly in the no treatment subgroup (187). 
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Table 8. Patient characteristics (187). 

Parameters All patients  

(N=54) # 

No treatment 

(N=12) 

ISU therapy 

(N=21) 

Biological 

therapy (N=9) 

Age (year) 58.7±13.3 66.1±13.7 59.12±12.4 62.7±10.0 

Sex (Male:Female) N  

7:47 (12.3:87.0) 

1:11 

(8.3 : 91.7) 

3:18 

(14.3:85.7) 

1:8 

(11.1:88.9) 
GAP score n (%)     

Stage I (0-3 points) 48 (88.9) 12 (100) 20 (95.2) 8 (88.9) 

Stage II (4-5 points) 6 (11.1) 0 1 (5) 1 (1.1) 

Stage III (6-8 points) 0 0 0 0 

Ever smoker/Non-smoker N 14:40 

40 (74.1) 

4:8 

(33.3:66.7) 

5:16 

(23.8:76.2) 

2:7 

(22.2:77.8) 
BMI (kg/m2) 24.8±4.3 23.6±3.1 25.0±4.4 26.4±4.5 

Overweight N (%) 21 (38.9) 3 (25.0) 8 (38.1) 5 (55.6) 

PF-ILD N (%) 15 (27.8) 5 (41.7) 7 (33.3) 3 (33.3) 

Symptoms N (%)     

Dyspnea 26 (48.2) 6 (50.0) 8 (38.1) 5 (55.6) 

Cough 15 (27.8) 4 (33.3) 1 (4.8)* 4 (44.4) 

Chest pain 5 (9.3) 0 0 0 

Joint pain 8 (14.81) 1 (8.3) 5 (23.8) 1 (11.1) 

Clubbing 1 (1.91) 0 0 1 (11.1) 

Weight loss 3 (5.6) 1 (8.3) 1 (4.86) 1 (11.1) 

Crackles 15 (27.8) 5 (41.7) 6 (28.6) 2 (22.2) 

Raynaud’s phenomenon 38 (70.5) 8 (66.7) 13 (61.9) 5 (55.6) 

GIT involvement 10 (18.5) 5 (41.7)*** 2 (9.5) 3 (33.3) 

HRCT patter N (%) 

 

    

NSIP  34 (63.0) 11 (91.7) 15 (71.4) 3 (33.3)** 

UIP/pUIP  8 (14.8) 1 (8.3) 2 (9.5) 4 (44.4)*** 

Other or no data  10 (18.5) 0 4 (19.0) 2 (22.2) 

# total number of patients were 54, but out of these only 42 had follow-up data, * p<0.05 ISU vs. No 

treatment and biological therapy subgroup ** p<0.05 Biological therapy subgroup vs. No treatment 

subgroup, *** p<0.05 Biological therapy subgroup vs. ISU subgroup. BMI: body mass index, GIT: 

gastrointestinal, HRCT: high- resolution computed tomography, NSIP: nonspecific interstitial pneumonia, 

RF: rheumatoid factor, p(UIP): possible usual interstitial pneumonia. Statistically significant values were 

highlighted with bold in the tables 
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Table 9. Serological pattern (187) . 

Parameters All patients 

(N=54) # 

No treatment 

(N=12) 

ISU therapy 

(N=21) 

Biological therapy 

(N=9) 

Serological pattern N (%)     

ANA 23 (42.6) 8 (66.7) 12 (57.1) 3 (33.3) 

ACA 1 (1.9) 1 (8.3) 0 0 

RF 3 (5.6) 2 (1.7) 1 (4.8) 0 

Anti-CCP 1 (1.9) 0 1 (4.8) 0 

Anti-RNA-polymerase 2 (3.7) 1 (8.3) 1 (4.8) 0 

Anti-cytoplasmatic 5 (9.3) 1 (8.3) 2 (9.5) 2 (22.2) 

Anti-chromatin 12 (22.2) 5 (41.7) 6 (28.6) 1 (11.1) 

Anti-Smith 1 (1.9) 1 (8.3) 0 0 

Anti-Jo-1 1 (1.9) 0 1 (4.8) 0 

Anti-SSA 2 (3.7) 0 2 (9.5) 0 

Anti-SSB 1 (1.9) 1 (8.3) 0 0 

Anti-SCL-70 18 (33.3) 8 (66.7) 9 (42.9)** 1 (11.1) 

Anti-RNP 4 (7.4) 3 (25) 1 (4.8) 0 

Anti-dsDNS 3 (5.6) 1 (8.3) 1 (4.8) 1 (11.1) 

# total number of patients were 54, but out of these only 42 had follow-up data. Statistically significant 

values were highlighted with bold in the tables. ** p<0.05 ISU vs. No treatment subgroup. ACA: , anti-

centromere antibodies, ANA: anti-nuclear antibodies, ANCA: anti-neutrophil cytoplasmic antibodies, Anti-

CCP: anti-cyclic citrullinated peptide antibodies, Anti-RNP: anti-ribonucleoprotein antibodies, Anti-SCL-

70: anti-topoisomerase I antibodies.  

4.5. Analysis of HRCT pattern and involvement, lung function abnormalities and 

serological findings in SSc-ILD 

NSIP morphological pattern (principally less than 20% of lung involvement) was 

present in most cases on HRCT, proceeded by UIP and pUIP pattern (relatively equal 

involvement below and above 20%) (Table 8.). In the ISU and the no treatment subgroups 

patients were affected with NSIP much more frequently in contrast to the patients 

receiving biological treatment, where pUIP and UIP patterns were significantly more 

predominant (187).Analysis of lung function showed a mild restrictive functional decline. 

PFT data at baseline is summarized in Table 10. 
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Table 10. Lung function, ABG, 6MWT functional parameters (187). 

Parameters All patients 

(N=54) # 

No treatment 

(N=12) 

ISU (N=21) Biological 

therapy (N=9) 

Lung function     

FVC (L) 2.5±0.8 2.5±0.8 2.8±0.8 2.2±0.6 

FVC (%predicted) 89.8±23.2 97.6±21.7 92.4±26.6 82.2±17.2 

FEV1(L) 2.2±0.6 2.1±0.6 2.3±0.7 2.0±0.6 

FEV1(%predicted) 90.2±21.8 97.9±21.6 92.2±23.1 85.3±21.5 

FEV1/FVC (%) 84.7±6.3 83.4±6.3 84.9±4.9 86.9±12.4 

TLC (L) 3.9±1.1 4.0±1.0 4.1±1.4 3.8±1.0 

TLC (%predicted) 78.4±21.00 81.4±16.2 81.1±23.0 79.2±23.4 

Diffusion parameters     

DLCO (mmol/min/kPa) 5.9±2.0 6.2±1.8 6.2±2.1 5.1±1.3 

DLCO (%predicted) 75.2±22.0 86.9±24.5 77.4±20.7 66.7±14.7 

KLCO (mmol/min/kPa/l) 1.4±0.4 1.3±0.3 1.4±0.4 1.3±0.3 

KLCO (%predicted) 70.0±18.12 66.0±15.6 70.5±18.9 67.0±16.7 

ABG     

pH 7.4±0.0 7.4±0.0 7.4±0.0 7.4±0.1 

pCO2 (mmHg) 38.0±4.7 34.4±3.1 43.4±11.1 36.7±3.6 

pO2 (mmHg) 74.2±10.5 84.2±13.1 71.2±12.1 72.2±14.6 

6MWT     

Distance (m) 444.2±119.8 365.3±233.9 468.8±108.0 342.0±106.6 

SpO2 baseline (%) 94.9±2.8 96.7±3.2 97.3±2.1 93.9±4.4 

SpO2 post-exercise (%) 89.9±10.0 82.7±19.9 95.3±2.4 87.6±8.1 

Desaturation (%) 4.9±9.3 14.0±16.6 2.5±2.4 8.0±6.3 

Pulse baseline (1/min) 84.8±14.6 78.7±11.9 82.9±9.6 86.4±11.6 

Pulse post-exercise (1/min) 108.5±23.1 100.3±29.5 108.4±17.6 106.7±26.4 

Borg scale baseline (0-10) 0.2±0.5 1.7±2.9 0.1±0.3 1.0±1.4 

Borg scale post-exercise (0-10) 1.8±2.5 2.7±3.8 1.6±1.2 3.1±2.5 

# total number of patients were 54, but out of these only 42 had follow-up data. No statistically significant 

difference was detected. 6MWT: 6-min walk test, ABG: arterialized capillary blood gases, DLCO: diffusing 

capacity for carbon monoxide, FEV1: forced expiratory volume in 1 s, FVC: forced vital capacity, KLCO: 

transfer coefficient of the lung for carbon monoxide, TLC: total lung capacity. 

 

  



48 

 

Annual FVC decline was prominent in the no treatment subgroup (−10.2 ± 13.0%) 

in contrast to patients who were on ISU (−3.9 ± 5.1%) or biological treatment (−1.04 ± 

7.8%). Patients receiving biological treatment showed the lowest degree of annual FVC 

decline, even showing functional improvement in 4 cases. There was no significant 

difference in lung function test results between the 3 observed subgroups. However, in 

the treated subgroups annual FVC declined only in a moderate rate compared to the no 

treatment subgroup. A slight deterioration in DLCO was recognized in all 3 subgroups, 

especially in patients who received biological therapy (Figure 8) (187). 

 

 

(a) 

 

(b) 

Figure 8. (a) Annual FVC changes in all SSc-ILD patients and in the specific treatment groups. 

Description of what is contained in the first panel; (b) Annual DLCO changes in each specific 

treatment group. NT: No treatment, I: ISU therapy, B: Biological therapy (187). 
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Among the 13 antibodies tested in this study (Table 9)., more frequent occurring 

were- in growing order - the following: ANA, anti-SCL-70, anti-chromatin and anti-

cytoplasmatic antibodies. Anti-SCL-70 was significantly more predominant in the ISU 

subgroup in comparison with the other 2 longitudinally followed subgroups (187). 
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4.6. Evaluating the distribution of PF-ILD according to treatment subgroups in 

SSc-ILD and factors of functional decline 

In our study out of 42 patients who possessed longitudinal data, 15 patients 

fulfilled our PF-ILD criteria explained in Methods above. During-follow up the remaining 

27 patients were stable and no traits of progressive functional decline were identified. PF-

ILD was detected in the highest percentage in the no treatment subgroup (41.7%), while 

two thirds of subjects were stable or showed improvement during adjusted treatments 

(187).  

Based on our plot analysis being overweight (BMI >= 25 kg/m2, established by 

the definition of WHO) and absence of anti-SCL-70 antibodies  proved to be a favoring 

factor for functional stability (Figure 9) (187).  

 

Figure 9. Risk factors of progression. Anti-SCL-70: anti-topoisomerase I antibodies, BMI: body 

mass index, DLCO: capacity of the lungs for carbon monoxide, FVC: forced vital capacity, ISU: 

immunosuppression, NSIP: nonspecific interstitial pneumonia, (p)UIP: (possible) usual 

interstitial pneumonia (187).  
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More than the half of the patients (55.6%) receiving biological treatment were 

overweight, while patients in the no treatment subgroup were the least affected (25%). 

For stable SSc-ILD patients a significantly higher BMI was characteristic compared to 

PF-ILD cases (25.71 kg/m2 vs. 22.9 kg/m2; p=0.03). A clear negative correlation was 

explored between baseline BMI and annual FVC decline (r = −0.97, r2 = 0.93, p < 0.001) 

(Figure 10) (187). 

 

Figure 10. Negative correlation between BMI and annual FVC decline (%). BMI: body mass 

index, FVC: forced vital capacity (187). 

Esophagus dysmotility and other gastrointestinal (GIT) involvements affected 10 

patients, mainly patients with low or normal BMIs in comparison with overweight 

patients (p=0.019). However, GIT symptoms were equally represented in PF-ILD and 

non PF-ILD groups and no statistical association was found between GIT symptoms and 

PF-ILD (187).  

  



52 

 

5. DISCUSSION 

Our studies represent CTD-ILD circumstances under real world conditions from 

an East-Central European country. Functional progression, its risk factors and also, 

characteristic of the new category of PPF in this special patient population was assessed.  

5.1. Patient characteristics  

Our two original single center studies are the first to summarize the patient 

characteristics of CTD-ILDs in Hungary. During the examined period out of 511 cases, 

20.9% met the criteria of CTD-ILD or IPAF, they were discussed and defined by MDD, 

in line with international data (154, 158).  In our second study, data of 54 SSc-ILD 

patients were processed.  CTD-ILD patients are usually in their sixties, are non-smokers, 

women and present with cough, exercised induced dyspnea or basal crackles. The latter 

is the well-known symptomatic triad of the active disease (3, 6, 10, 59, 173, 189).  

One of the uniqueness of our first study is the characterization of the IPAF group, 

which has been less studied so far. The disease prognosis falls somewhere between that 

of IPF and CTD-ILD, strongly influenced by their HRCT pattern (158, 190). The entire 

IPAF group is characterized by female dominance and half of the group had verifiable 

exposure to tobacco smoke. A significant number of patients had respiratory symptoms 

at baseline. According to our results IPAF patients are older, are more often smokers and 

are more symptomatic compared to CTD-ILD patients. Over the years, manifest CTD 

might evolve from IPAF cases. Thus, using the IPAF criteria in MDD might remark IIPs 

with autoimmune characteristics or “premature” CTD-ILDs, giving hope that patients 

will benefit from ISU treatment and the inflammatory process of the lungs may even be 

reversible, although the fibrotic remodeling is ongoing. However, the classification 

criteria of IPAF is a debated issue and in the future nailfold capillary microscopy might 

play a major role in the diagnostic procedure as microvascular malformations precede 

seropositivity, or Raynaud's phenomenon can be a warning sign for latent CTD (158). 
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5.2. Functional progression of pulmonary fibrosis  

In the field to the new guideline appeared, the definition of PPF was a debated 

condition without international agreement in the field. Many have defined it in different 

ways based on the worsening of clinical symptoms, radiological appearance, lung 

function changes and quality of life. (39, 170, 191) Our functional progression criteria 

explained in the Method Section is up-to-date with latest PPF ATS/ERS/JRS/ALAT 

guideline (17). 

In our research, we determined PF-ILD (this definition is accordance with PPF) 

incidence in autoimmune featured ILDs (CTD-ILD, especially in SSc-ILD and IPAF) 

looking at two domains: symptoms and functional decline.  

In our first article the majority of patients were stable both in the IPAF (68.0%) 

and in the CTD-ILD subgroup (82.4%). Unfortunately, there was a significant progressive 

deterioration during follow-up in a small proportion (13.1%) of patients and more than 

half of them met the diagnosis of IPAF (N=8), while 6 patients had manifest CTD-ILD 

(RA (N=3), SSc (N=2), other (N=1)(173)).  

In the SSc study 35.7% of patients fulfilled functional PPF criteria using the 

mentioned two domains, similarly to international data (87, 192). PPF prevalence was 

equal in the ISU and biological therapy subgroups, while it was frequenter in the treatment 

free group (33.3 to 41.7%). Patients who have preserved lung function and mild 

symptoms are at risk for developing PPF, as treatment initiation may be delayed by 

immunologists and respiratory specialists may overlook slight functional loss between 

control visits. SSc-ILD is heterogeneous disorder in which patients with mild symptoms, 

limited HRCT involvement and normal lung function should be monitored with more 

carefully. More detailed international guidelines about treatment initiation and SSc-ILD 

treatment are required in this field to prevent disease progression.  

It is important to note that PPF is defined by very subtle changes regarding 

progression. However, our data were not focusing on the radiological progression, 

therefore the number of PPF might have been underestimated (17).  
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5.3. Risk factors of progression  

Prior to the definition of PPF, various definitions existed for progressive fibrosing 

(PF) ILD, resulting in non-uniform classification criteria. According to literary data, the 

most significant predictive factors of progression in CTD-ILD are age, male sex, smoking 

history, UIP pattern and traction bronchiectasis on HRCT, reduced FVC and DLCO at 

baseline (35, 69). In our studies, we detected other important prognostic factors that 

represent a risk for the development of clinical-functional PPF (PF-ILD) in autoimmune 

featured ILD. Our first research confirmed that possible prognostic factors for PPF are 

the presence anti-SS-A antibodies, post-exercise pulse increase at 6MWT, and 

malignancy (173). Our second study shows that the presence of anti-SCL-70 is possible 

factors worsening disease progression. Interestingly, overweight patients have lower risk 

for functional deterioration (187). 

Anti-SS-A (Ro52 and Ro60) antibodies positivity have a useful role in clinical 

field. However, clinical associations are not completely established yet. It is included in 

the diagnostic criteria of SSc and is associated with more serious ILDs in anti-synthetase 

syndrome and IIMs and these patients react less for immunosuppression (193-195). 

Separated detection of Ro52 and Ro60 is not disease specific, although, in the clinical 

practice it is contributed to the correct diagnostic of CTDs, for example anti-SS-A/Ro60+ 

is associated with SLE, anti-SS-A/Ro52+ act as a marker of ILD in SSc and has diagnostic 

value in PM/DM (196-199). Ro52 and Ro60 should be separately examined in IPAF 

patients. (55). 

Post-exercise pulse increase at the 6MWT is possibly another predictor of 

progression in CTD-ILD. In advanced disease, reduced diffusion capacity is associated 

with lower blood oxygen levels and hypoxemia. In the presence of an intact circulatory 

system, the body compensates for impaired lung function with a positive chronotropic 

response during exercise and in advanced ILD at rest, indicating a more severe lung 

involvement (200, 201). Secondary pulmonary hypertension (PH) frequently develops in 

ILD patients, such as in SSc-ILD, and is known to play a significant role in morbidity and 

mortality, indicating a worse prognosis. Secondary PH contributes to poorer 

hemodynamics and increased heart rate in this sense (202, 203). However, chronotropic 

response is influenced by comorbidities and the use of beta blockers.  
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It is known that patients, with concomitant malignancy and IPF have a poor 

survival (204). In our study, malignancy as a comorbidity proved to be a risk factor that 

favors disease progression. 

It is a well-known fact, that the likelihood of progressive ILD is higher when anti–

Scl-70 antibodies are present and anti-centromere antibodies are absent (69). And our 

data harmonize with this. Finally, the most surprising novelty of our SSc study is the 

determination of the role of BMI. There was a clear negative association between BMI 

and functional decline demonstrating that BMI is an essential clinical marker in SSc-ILD 

and it is easy to follow. This condition between functional stability and overweight is 

already known in plenty of respiratory disease. For example, the recognized role of the 

obesity paradox in COPD (205). In the INPULSIS, INBUILD and CAPACITY studies 

the post hoc analysis of low BMI and weight loss at baseline are associated with severe 

functional decline (206-208). Only limited data are available in extremely obese 

population. In our research, there was no significant difference in GIT involvement 

between PPF and the stable group, and more patients with normal BMI complained of 

GIT symptoms as compared to patients with decreased BMI. Therefore, lower BMI was 

not caused by GIT involvement. The lowest mean BMI was observed in the no treatment 

subgroup, where the annual FVC decline was the highest. In the ISU and in the biological 

subgroup the mean BMI showed overweight and parallelly, the majority of patients 

showed functional stability. Regular BMI monitoring has an impact on the timing of 

therapy initiation, especially in patients with normal lung function and mild symptoms.  

5.4. Limitations and strengths 

Our studies have several notable limitations, primarily due to their retrospective 

single-center design and the limited number of patients included. To address these 

limitations and obtain more comprehensive insights, it is crucial to conduct further 

prospective studies that specifically evaluate this particular subgroup of ILD patients.   

However, it is worth highlighting that our studies contribute valuable data by representing 

the distribution of ILD cases in an Eastern European country for the first time. 

Furthermore, our researches are unique in that it is based on a long-term longitudinal 

follow-up of ILD patients with autoimmune characteristics. The disease population 

covered the two primary rheumatology centers in the Central Hungary region.  
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6. CONCLUSIONS 

1. In our study we determined patient characteristics, clinical symptoms and 

serological findings in the CTD-ILD and IPAF population in Hungary. The 

average age was 63.8 ± 13.9 years and there was a female predominance in sex. 

Smoking status was equally distributed in IPAF population, while CTD-ILD 

patients were more frequently non-smokers. Most observed symptoms were 

dyspnea (69.1%), crackles (58.9%), cough (58.6%) and more than half of the 

patients had joint involvement. ANA, anti-chromatin and RF antibodies were most 

frequently present, with no serological differences between the two groups. 

2. During follow-up out of the 59 patients 14 (23.7%) fulfilled our PF-ILD criteria, 

while 68% of IPAF and 82.4% of CTD-ILD patients had stable disease.  

3. Factors supporting functional progression in autoimmune featured ILDs (both 

CTD and IPAF) were malignancy, anti-SS-A antibody positivity and post-

exercise pulse increase at the 6MWT. 

4. Patient characteristics and clinical symptoms of the Hungarian SSc-ILD 

population were additionally described. Patients had a mean age of 58.7 ± 13.3 

years and were mainly nonsmoking women. Patients on ISU and biological 

treatment had a slight over normal excess in BMI. Dyspnea, crackles, Raynaud’s 

phenomenon, joint pain, and finger clubbing proved to be typical clinical signs 

and symptoms. GIT symptoms occurred in 18.5%, by and large in untreated 

patients. 

5. Our study analyzed the HRCT pattern, lung function abnormalities and serological 

findings in SSc-ILD. NSIP with less than 20% was the most common radiological 

pattern, followed by UIP and pUIP. Baseline PFT data showed a mild restrictive 
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pattern. Functional decline appeared mainly in untreated patients, while those who 

received therapy were more stable during the follow-up.  

6. Our study evaluated  the distribution of PF-ILD according to treatment subgroups 

in SSc-ILD and factors predicting functional decline: out of 42 patients 15 fulfilled 

the PPF criteria of functional decline- with the highest proportion in untreated 

cases (41.7%). Total of 27 patients were stable during follow-up, mainly on 

adjusted treatment. Overweight (BMI >= 25 kg/m2) and the absence of anti-SCL-

70 positivity have been confirmed as favoring factors of functional stability. 
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7. SUMMARY 

This PhD thesis outlines the features of the CTD-ILD and IPAF patient 

population, highlighting the susceptibility of females and the importance of considering 

CTD-ILD in non-smoker ILD patients experiencing respiratory symptoms. A 

concomitant malignancy, anti-SS-A positivity, post-exercise pulse increase at the 6MWT 

might indicate worse disease prognosis in CTD-ILD. Thorough monitoring of BMI is 

recommended as low BMI or weight loss might be signs of functional decline and PPF. 

PPF is characterized by worsening of clinical symptoms, in many cases the rapid 

progression can lead to early death. With close monitoring, early recognition of 

progression, optimal treatment initiation may preserve stability of the lung function, this 

finding is especially important in symptomfree patients with physiological PFT. A 

multidisciplinary approach- based on the principle that four eyes see more than two -is 

recommended. Future studies are required in this field. BMI is an important prognostic 

factor in SSc-ILD progression and an initial low and normal BMI or weight loss should 

be followed closely by the clinical care team. The thorough monitoring of BMI in clinical 

practice is required and especially patients with normal BMI should be followed closely 

for deterioration. The timing of the introduction of ISU and biological therapy remains a 

major challenge for clinicians. A higher awareness and possibly lower threshold for 

therapy initiation is needed in patients with preserved lung function and a normal BMI. 

Although it is important to note that patients with a normal BMI were presented more 

often with GIT symptoms. However GIT involvement was not associated with the 

progressive form of ILD. Regular PFT and BMI follow ups should be performed in all 

SSc patients starting from the initial diagnosis, and anti-SCL-70 positivity is helpful when 

considering therapy introduction. Important further investigations should include detailed 

progression reports of the radiological changes, and new studies are needed to determine 

a follow-up protocol for imaging.   



59 

 

8. REFERENCES 

1. Kolinics-Farkas A, Müller V. Az interstitialis tüdőbetegségek diagnosztikája és 

az idiopathiás tüdőfibrosis kezelése felnőttekben. Orvoskepzes. 2020:609-15. 

2. A. Ferreira, Collard HR. Idiopathic interstitial pneumonias. In: du Bois RM, 

Richeldi L, editors. Interstitial Lung Diseases: European Respiratory Society; 2009. p. 

pp. 87-111. 

3. American Thoracic S, European Respiratory S. American Thoracic 

Society/European Respiratory Society International Multidisciplinary Consensus 

Classification of the Idiopathic Interstitial Pneumonias. This joint statement of the 

American Thoracic Society (ATS), and the European Respiratory Society (ERS) was 

adopted by the ATS board of directors, June 2001 and by the ERS Executive Committee, 

June 2001. Am J Respir Crit Care Med. 2002;165(2):277-304. 

4. Dsouza K, de Andrade JA. The Diagnostic Approach to Interstitial Lung Disease. 

Curr Pulmonol Rep. 2018;7(4):149-59. 

5. Meyer KC. Diagnosis and management of interstitial lung disease. Transl Respir 

Med. 2014;2:4. 

6. Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ, Lederer DJ, et al. 

Diagnosis of Idiopathic Pulmonary Fibrosis. An Official ATS/ERS/JRS/ALAT Clinical 

Practice Guideline. Am J Respir Crit Care Med. 2018;198(5):e44-e68. 

7. Edwards DA, Ausiello D, Salzman J, Devlin T, Langer R, Beddingfield BJ, et al. 

Exhaled aerosol increases with COVID-19 infection, age, and obesity. Proceedings of the 

National Academy of Sciences. 2021;118(8):e2021830118. 

8. Travis WD, Costabel U, Hansell DM, King TE, Lynch DA, Nicholson AG, et al. 

An Official American Thoracic Society/European Respiratory Society Statement: Update 

of the International Multidisciplinary Classification of the Idiopathic Interstitial 

Pneumonias. Am J Resp Crit Care. 2013;188(6):733-48. 

9. Az Emberi Erőforrások Minisztériuma egészségügyi szakmai irányelve az 

interstitialis tüdőbetegségek (ILD) diagnosztizálásáról és az idiopathiás tüdőfibrosis 

(IPF) kezeléséről felnőttekben. 2020 EüK 7 szám EMMI közlemény. 2020. 

10. Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK, et al. An official 

ATS/ERS/JRS/ALAT statement: idiopathic pulmonary fibrosis: evidence-based 



60 

 

guidelines for diagnosis and management. Am J Respir Crit Care Med. 2011;183(6):788-

824. 

11. Antoniou KM, Margaritopoulos GA, Tomassetti S, Bonella F, Costabel U, Poletti 

V. Interstitial lung disease. Eur Respir Rev. 2014;23(131):40-54. 

12. Restrepo JF, del Rincon I, Battafarano DF, Haas RW, Doria M, Escalante A. 

Clinical and laboratory factors associated with interstitial lung disease in rheumatoid 

arthritis. Clin Rheumatol. 2015;34(9):1529-36. 

13. Wells AU. Systemic sclerosis. In: Wuyts WA CV, Spagnolo P, et al., eds., editor. 

Pulmonary Manifestations of Systemic Diseases (ERS Monograph). Sheffield: European 

Respiratory Society; 2019. p. pp. 90–105. 

14. Mackintosh JA SA, De Sadeleer LJ, et al. Rheumatoid arthritis. In: Wuyts WA 

CV, Spagnolo P, et al., eds., editor. Pulmonary Manifestations of Systemic Diseases (ERS 

Monograph). Sheffield: European Respiratory Society; 2019. p. pp. 44–67. 

15. Swigris JJ, Streiner DL, Brown KK, Belkin A, Green KE, Wamboldt FS, et al. 

Assessing exertional dyspnea in patients with idiopathic pulmonary fibrosis. Resp Med. 

2014;108(1):181-8. 

16. Meyer KC, Raghu G, Baughman RP, Brown KK, Costabel U, du Bois RM, et al. 

An Official American Thoracic Society Clinical Practice Guideline: The Clinical Utility 

of Bronchoalveolar Lavage Cellular Analysis in Interstitial Lung Disease. Am J Resp Crit 

Care. 2012;185(9):1004-14. 

17. Raghu G, Remy-Jardin M, Richeldi L, Thomson CC, Inoue Y, Johkoh T, et al. 

Idiopathic Pulmonary Fibrosis (an Update) and Progressive Pulmonary Fibrosis in 

Adults: An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline. Am J Respir Crit 

Care Med. 2022;205(9):18-47. 

18. Walsh SLF. Multidisciplinary evaluation of interstitial lung diseases: current 

insights: Number 1 in the Series "Radiology" Edited by Nicola Sverzellati and Sujal 

Desai. Eur Respir Rev. 2017;26(144). 

19. Grewal JS, Morisset J, Fisher JH, Churg AM, Bilawich AM, Ellis J, et al. Role of 

a Regional Multidisciplinary Conference in the Diagnosis of Interstitial Lung Disease. 

Ann Am Thorac Soc. 2019;16(4):455-62. 



61 

 

20. Fésü D, Bohács A, Eszes N, Vincze K, Fejér B, Maurovich-Horvát P, et al. 

Interstitialis tüdőbetegségek multidiszciplináris megközelítése. Medicina Thoracalis. 

2021;0238-2571. 

21. Richeldi L, Collard HR, Jones MG. Idiopathic pulmonary fibrosis. Lancet. 

2017;389(10082):1941-52. 

22. Society TER. ERS Handbook of Respiratory Medicine. In: Marina Aiello AF, 

Panayota Tzani, Sara Chiesa and Dario Olivieri, editor. Idiopathic interstitial 

pneumonias2019. p. 886. 

23. Nagy A. Idiopathiás interstitialis pneumoniák. In: Müller V, Bohács A, Eszes N, 

Horváth G, Lázár Z, Losonczy G, et al., editors. Tüdőgyógyászat zsebkönyv szakvizsgára 

készülőknek: Semmelweis Kiadó; 2022. p. 231-6. 

24. Armanios MY, Chen JJL, Cogan JD, Alder JK, Ingersoll RG, Markin C, et al. 

Telomerase mutations in families with idiopathic pulmonary fibrosis. New Engl J Med. 

2007;356(13):1317-26. 

25. Tsakiri KD, Cronkhite JT, Kuan PJ, Xing C, Raghu G, Weissler JC, et al. Adult-

onset pulmonary fibrosis caused by mutations in telomerase. P Natl Acad Sci USA. 

2007;104(18):7552-7. 

26. Wang Y, Kuan PJ, Xing C, Cronkhite JT, Torres F, Rosenblatt RL, et al. Genetic 

defects in surfactant protein A2 are associated with pulmonary fibrosis and lung cancer. 

Am J Hum Genet. 2009;84(1):52-9. 

27. Nogee LM, Dunbar AE, Wert SE, Askin F, Hamvas A, Whitsett JA. A mutation 

in the surfactant protein C gene associated with familial interstitial lung disease. New 

Engl J Med. 2001;344(8):573-9. 

28. Kropski JA, Lawson WE, Young LR, Blackwell TS. Genetic studies provide clues 

on the pathogenesis of idiopathic pulmonary fibrosis. Dis Model Mech. 2013;6(1):9-17. 

29. Fingerlin TE, Murphy E, Zhang W, Peljto AL, Brown KK, Steele MP, et al. 

Genome-wide association study identifies multiple susceptibility loci for pulmonary 

fibrosis. Nat Genet. 2013;45(6):613-20. 

30. Noth I, Zhang YZ, Ma SF, Flores C, Barber M, Huang Y, et al. Genetic variants 

associated with idiopathic pulmonary fibrosis susceptibility and mortality: a genome-

wide association study. Lancet Resp Med. 2013;1(4):309-17. 



62 

 

31. Evans CM, Fingerlin TE, Schwarz MI, Lynch D, Kurche J, Warg L, et al. 

Idiopathic Pulmonary Fibrosis: A Genetic Disease That Involves Mucociliary 

Dysfunction of the Peripheral Airways. Physiol Rev. 2016;96(4):1567-91. 

32. Coultas DB, Zumwalt RE, Black WC, Sobonya RE. The Epidemiology of 

Interstitial Lung-Diseases. Am J Resp Crit Care. 1994;150(4):967-72. 

33. Belloli EA, Beckford R, Hadley R, Flaherty KR. Idiopathic non-specific 

interstitial pneumonia. Respirology. 2016;21(2):259-68. 

34. Tarnoki D, Tarnoki A, Karlinger K, Monostori Z. Az interstitialis tüdőbetegségek 

képalkotása multidiszciplináris kitekintéssel: Medicina Könykiadó Zrt.; 2020. 77-87 p. 

35. George PM, Spagnolo P, Kreuter M, Altinisik G, Bonifazi M, Martinez FJ, et al. 

Progressive fibrosing interstitial lung disease: clinical uncertainities, consensus 

recommendations, and research priorities. Lancet Respir Med. 2020;8(9):925-34. 

36. Richeldi L, Costabel U, Selman M, Kim DS, Hansell DM, Nicholson AG, et al. 

Efficacy of a Tyrosine Kinase Inhibitor in Idiopathic Pulmonary Fibrosis. New Engl J 

Med. 2011;365(12):1079-87. 

37. Richeldi L, du Bois RM, Raghu G, Azuma A, Brown KK, Costabel U, et al. 

Efficacy and safety of nintedanib in idiopathic pulmonary fibrosis. N Engl J Med. 

2014;370(22):2071-82. 

38. European Medicines Agency: Ofev - European Public Assessment Report - 

Product information. 2022. 

39. Flaherty KR, Wells AU, Cottin V, Devaraj A, Walsh SLF, Inoue Y, et al. 

Nintedanib in Progressive Fibrosing Interstitial Lung Diseases. N Engl J Med. 

2019;381(18):1718-27. 

40. Wells AU, Flaherty KR, Brown KK, Inoue Y, Devaraj A, Richeldi L, et al. 

Nintedanib in patients with progressive fibrosing interstitial lung diseases-subgroup 

analyses by interstitial lung disease diagnosis in the INBUILD trial: a randomised, 

double-blind, placebo-controlled, parallel-group trial. Lancet Respir Med. 2020;8(5):453-

60. 

41. Cottin V, Richeldi L, Rosas I, Otaola M, Song JW, Tomassetti S, et al. Nintedanib 

and immunomodulatory therapies in progressive fibrosing interstitial lung diseases. 

Respir Res. 2021;22(1):84. 



63 

 

42. Brown KK, Martinez FJ, Walsh SLF, Thannickal VJ, Prasse A, Schlenker-Herceg 

R, et al. The natural history of progressive fibrosing interstitial lung diseases. Eur Respir 

J. 2020;55(6). 

43. Behr J, Neuser P, Prasse A, Kreuter M, Rabe K, Schade-Brittinger C, et al. 

Exploring efficacy and safety of oral Pirfenidone for progressive, non-IPF lung fibrosis 

(RELIEF) - a randomized, double-blind, placebo-controlled, parallel group, multi-center, 

phase II trial. BMC Pulm Med. 2017;17(1):122. 

44. Maher TM, Corte TJ, Fischer A, Kreuter M, Lederer DJ, Molina-Molina M, et al. 

Pirfenidone in patients with unclassifiable progressive fibrosing interstitial lung disease: 

a double-blind, randomised, placebo-controlled, phase 2 trial. Lancet Respir Med. 

2020;8(2):147-57. 

45. Noble PW, Albera C, Bradford WZ, Costabel U, Glassberg MK, Kardatzke D, et 

al. Pirfenidone in patients with idiopathic pulmonary fibrosis (CAPACITY): two 

randomised trials. Lancet. 2011;377(9779):1760-9. 

46. King TE, Jr., Bradford WZ, Castro-Bernardini S, Fagan EA, Glaspole I, Glassberg 

MK, et al. A phase 3 trial of pirfenidone in patients with idiopathic pulmonary fibrosis. 

N Engl J Med. 2014;370(22):2083-92. 

47. European Medicines Agency: Esbriet -  European Public Assessment Report - 

Product Information. 2022. 

48. Martinez FJ, Raghu G. Prednisone, Azathioprine, and N-Acetylcysteine for 

Pulmonary Fibrosis Reply. New Engl J Med. 2012;367(9):870-1. 

49. Davies HR, Richeldi L, Walters EH. Immunomodulatory agents for idiopathic 

pulmonary fibrosis. Cochrane Database Syst Rev. 2003(3):CD003134. 

50. Richeldi L, Davies HR, Ferrara G, Franco F. Corticosteroids for idiopathic 

pulmonary fibrosis. Cochrane Database Syst Rev. 2003(3):CD002880. 

51. Gay SE, Kazerooni EA, Toews GB, Lynch JPr, Gross BH, Cascade PN, et al. 

Idiopathic pulmonary fibrosis: predicting response to therapy and survival. Am J Respir 

Crit Care Med. 1998;157(4 Pt 1):1063-72. 

52. Bell EC, Cox NS, Goh N, Glaspole I, Westall GP, Watson A, et al. Oxygen 

therapy for interstitial lung disease: a systematic review. European Respiratory Review. 

2017;26(143). 



64 

 

53. Weill D, Benden C, Corris PA, Dark JH, Davis RD, Keshavjee S, et al. A 

consensus document for the selection of lung transplant candidates: 2014-An update from 

the Pulmonary Transplantation Council of the International Society for Heart and Lung 

Transplantation. J Heart Lung Transpl. 2015;34(1):1-15. 

54. Cruz FF, Rocco PRM. The potential of mesenchymal stem cell therapy for chronic 

lung disease. Expert Rev Resp Med. 2020;14(1):31-9. 

55. Fischer A, Antoniou KM, Brown KK, Cadranel J, Corte TJ, du Bois RM, et al. 

An official European Respiratory Society/American Thoracic Society research statement: 

interstitial pneumonia with autoimmune features. Eur Respir J. 2015;46(4):976-87. 

56. Bryson T, Sundaram B, Khanna D, Kazerooni EA. Connective tissue disease-

associated interstitial pneumonia and idiopathic interstitial pneumonia: similarity and 

difference. Semin Ultrasound CT MR. 2014;35(1):29-38. 

57. Fischer A, du Bois R. Interstitial lung disease in connective tissue disorders. 

Lancet. 2012;380(9842):689-98. 

58. Khanna D, Mittoo S, Aggarwal R, Proudman SM, Dalbeth N, Matteson EL, et al. 

Connective Tissue Disease-associated Interstitial Lung Diseases (CTD-ILD) - Report 

from OMERACT CTD-ILD Working Group. J Rheumatol. 2015;42(11):2168-71. 

59. Shao T, Shi X, Yang S, Zhang W, Li X, Shu J, et al. Interstitial Lung Disease in 

Connective Tissue Disease: A Common Lesion With Heterogeneous Mechanisms and 

Treatment Considerations. Front Immunol. 2021;12:684699. 

60. Matsuno O. Drug-induced interstitial lung disease: mechanisms and best 

diagnostic approaches. Respir Res. 2012;13:39. 

61. Allanore Y, Simms R, Distler O, Trojanowska M, Pope J, Denton CP, et al. 

Systemic sclerosis. Nat Rev Dis Primers. 2015;1:15002. 

62. Perelas A, Silver RM, Arrossi AV, Highland KB. Systemic sclerosis-associated 

interstitial lung disease. Lancet Respir Med. 2020;8(3):304-20. 

63. van den Hoogen F, Khanna D, Fransen J, Johnson SR, Baron M, Tyndall A, et al. 

2013 classification criteria for systemic sclerosis: an American college of 

eheumatology/European league against rheumatism collaborative initiative. Arthritis 

Rheum. 2013;65(11):2737-47. 



65 

 

64. Vonk MC, Walker UA, Volkmann ER, Kreuter M, Johnson SR, Allanore Y. 

Natural variability in the disease course of SSc-ILD: implications for treatment. Eur 

Respir Rev. 2021;30(159). 

65. Solomon JJ, Olson AL, Fischer A, Bull T, Brown KK, Raghu G. Scleroderma lung 

disease. Eur Respir Rev. 2013;22(127):6-19. 

66. Cappelli S, Bellando Randone S, Camiciottoli G, De Paulis A, Guiducci S, 

Matucci-Cerinic M. Interstitial lung disease in systemic sclerosis: where do we stand? 

Eur Respir Rev. 2015;24(137):411-9. 

67. Steen VD, Medsger TA. Changes in causes of death in systemic sclerosis, 1972-

2002. Annals of the Rheumatic Diseases. 2007;66(7):940-4. 

68. Hoeper MM. Pulmonary hypertension in collagen vascular disease. Eur Respir J. 

2002;19(3):571-6. 

69. Khanna D TD, Denton CP, Renzoni EA, Desai SR, Varga J. . Etiology, Risk 

Factors, and Biomarkers in Systemic Sclerosis with 

Interstitial Lung Disease. Am J Resp Crit Care. 2020;201:650-60. 

70. Denton CP, Khanna D. Systemic sclerosis. Lancet. 2017;390(10103):1685-99. 

71. Haque A, Kiely DG, Kovacs G, Thompson AAR, Condliffe R. Pulmonary 

hypertension phenotypes in patients with systemic sclerosis. Eur Respir Rev. 

2021;30(161). 

72. Desai SR, Veeraraghavan S, Hansell DM, Nikolakopolou A, Goh NS, Nicholson 

AG, et al. CT features of lung disease in patients with systemic sclerosis: comparison 

with idiopathic pulmonary fibrosis and nonspecific interstitial pneumonia. Radiology. 

2004;232(2):560-7. 

73. Shah RM, Jimenez S, Wechsler R. Significance of ground-glass opacity on HRCT 

in long-term follow-up of patients with systemic sclerosis. J Thorac Imaging. 

2007;22(2):120-4. 

74. Song JW, Do KH, Kim MY, Jang SJ, Colby TV, Kim DS. Pathologic and 

Radiologic Differences Between Idiopathic and Collagen Vascular Disease-Related 

Usual Interstitial Pneumonia. Chest. 2009;136(1):23-30. 

75. Goldin JG, Lynch DA, Strollo DC, Suh RD, Schraufnagel DE, Clements PJ, et al. 

High-resolution CT scan findings in patients with symptomatic scleroderma-related 

interstitial lung disease. Chest. 2008;134(2):358-67. 



66 

 

76. Steen VD, Conte C, Owens GR, Medsger TA, Jr. Severe restrictive lung disease 

in systemic sclerosis. Arthritis Rheum. 1994;37(9):1283-9. 

77. Steen VD, Medsger TA, Jr. Severe organ involvement in systemic sclerosis with 

diffuse scleroderma. Arthritis Rheum. 2000;43(11):2437-44. 

78. Steen VD, Owens GR, Fino GJ, Rodnan GP, Medsger TA, Jr. Pulmonary 

involvement in systemic sclerosis (scleroderma). Arthritis Rheum. 1985;28(7):759-67. 

79. Goh NS, Desai SR, Veeraraghavan S, Hansell DM, Copley SJ, Maher TM, et al. 

Interstitial lung disease in systemic sclerosis: a simple staging system. Am J Respir Crit 

Care Med. 2008;177(11):1248-54. 

80. Greidinger EL, Flaherty KT, White B, Rosen A, Wigley FM, Wise RA. African-

American race and antibodies to topoisomerase I are associated with increased severity 

of scleroderma lung disease. Chest. 1998;114(3):801-7. 

81. McNearney TA, Reveille JD, Fischbach M, Friedman AW, Lisse JR, Goel N, et 

al. Pulmonary involvement in systemic sclerosis: associations with genetic, serologic, 

sociodemographic, and behavioral factors. Arthritis Rheum. 2007;57(2):318-26. 

82. Marie I, Dominique S, Levesque H, Ducrotte P, Denis P, Hellot MF, et al. 

Esophageal involvement and pulmonary manifestations in systemic sclerosis. Arthritis 

Rheum. 2001;45(4):346-54. 

83. Ashmore P, Tikly M, Wong M, Ickinger C. Interstitial lung disease in South 

Africans with systemic sclerosis. Rheumatol Int. 2018;38(4):657-62. 

84. Steen V. Predictors of end stage lung disease in systemic sclerosis. Ann Rheum 

Dis. 2003;62(2):97-9. 

85. Winstone TA, Assayag D, Wilcox PG, Dunne JV, Hague CJ, Leipsic J, et al. 

Predictors of mortality and progression in scleroderma-associated interstitial lung 

disease: a systematic review. Chest. 2014;146(2):422-36. 

86. Wu WL, Jordan S, Becker MO, Dobrota R, Maurer B, Fretheim H, et al. Prediction 

of progression of interstitial lung disease in patients with systemic sclerosis: the SPAR 

model. Ann Rheum Dis. 2018;77(9):1326-32. 

87. Hoffmann-Vold AM, Allanore Y, Alves M, Brunborg C, Airó P, Ananieva LP, et 

al. Progressive interstitial lung disease in patients with systemic sclerosis-associated 

interstitial lung disease in the EUSTAR database. Ann Rheum Dis. 2021;80(2):219-27. 



67 

 

88. Kowal-Bielecka O, Fransen J, Avouac J, Becker M, Kulak A, Allanore Y, et al. 

Update of EULAR recommendations for the treatment of systemic sclerosis. Ann Rheum 

Dis. 2017;76(8):1327-39. 

89. Roofeh D, Khanna D. Management of systemic sclerosis: the first five years. Curr 

Opin Rheumatol. 2020;32(3):228-37. 

90. Rahaghi FF, Hsu VM, Kaner RJ, Mayes MD, Rosas IO, Saggar R, et al. Expert 

consensus on the management of systemic sclerosis-associated interstitial lung disease. 

Respir Res. 2023;24(1):6. 

91. Tashkin DP, Elashoff R, Clements PJ, Goldin J, Roth MD, Furst DE, et al. 

Cyclophosphamide versus placebo in scleroderma lung disease. N Engl J Med. 

2006;354(25):2655-66. 

92. Nadashkevich O, Davis P, Fritzler M, Kovalenko W. A randomized unblinded 

trial of cyclophosphamide versus azathioprine in the treatment of systemic sclerosis. 

Clinical Rheumatology. 2006;25(2):205-12. 

93. Tashkin DP, Roth MD, Clements PJ, Furst DE, Khanna D, Kleerup EC, et al. 

Mycophenolate mofetil versus oral cyclophosphamide in scleroderma-related interstitial 

lung disease (SLS II): a randomised controlled, double-blind, parallel group trial. Lancet 

Respir Med. 2016;4(9):708-19. 

94. Volkmann ER, Tashkin DP, Li N, Roth MD, Khanna D, Hoffmann-Vold AM, et 

al. Mycophenolate Mofetil Versus Placebo for Systemic Sclerosis-Related Interstitial 

Lung Disease: An Analysis of Scleroderma Lung Studies I and II. Arthritis Rheumatol. 

2017;69(7):1451-60. 

95. Baqir M, Makol A, Osborn TG, Bartholmai BJ, Ryu JH. Mycophenolate mofetil 

for scleroderma-related interstitial lung disease: A real world experience. PLoS One. 

2017;12(5):e0177107. 

96. Owen C, Ngian GS, Elford K, Moore O, Stevens W, Nikpour M, et al. 

Mycophenolate mofetil is an effective and safe option for the management of systemic 

sclerosis-associated interstitial lung disease: results from the Australian Scleroderma 

Cohort Study. Clin Exp Rheumatol. 2016;34(5):170-6. 

97. Fischer A, Brown KK, Du Bois RM, Frankel SK, Cosgrove GP, Fernandez-Perez 

ER, et al. Mycophenolate Mofetil Improves Lung Function in Connective Tissue Disease-

associated Interstitial Lung Disease. Journal of Rheumatology. 2013;40(5):640-6. 



68 

 

98. Berezne A, Ranque B, Valeyre D, Brauner M, Allanore Y, Launay D, et al. 

Therapeutic strategy combining intravenous cyclophosphamide followed by oral 

azathioprine to treat worsening interstitial lung disease associated with systemic sclerosis: 

A retrospective multicenter open-label study. Journal of Rheumatology. 

2008;35(6):1064-72. 

99. Paone C, Chiarolanza I, Cuomo G, Ruocco L, Vettori S, Menegozzo M, et al. 

Twelve-month azathioprine as maintenance therapy in early diffuse systemic sclerosis 

patients treated for 1-year with low dose cyclophosphamide pulse therapy. Clinical and 

Experimental Rheumatology. 2007;25(4):613-6. 

100. Steen VD. Kidney involvement in systemic sclerosis. Presse Med. 

2014;43(10):E305-E14. 

101. Steen VD, Medsger TA. Case-control study of corticosteroids and other drugs that 

either precipitate or protect from the development of scleroderma renal crisis. Arthritis 

Rheum-Us. 1998;41(9):1613-9. 

102. DeMarco PJ, Weisman MH, Seibold JR, Furst DE, Wong WK, Hurwitz EL, et al. 

Predictors and outcomes of scleroderma renal crisis - The high-dose versus low-dose D-

penicillamine in early diffuse systemic sclerosis trial. Arthritis Rheum-Us. 

2002;46(11):2983-9. 

103. Sircar G, Goswami RP, Sircar D, Ghosh A, Ghosh P. Intravenous 

cyclophosphamide vs rituximab for the treatment of early diffuse scleroderma lung 

disease: open label, randomized, controlled trial. Rheumatology (Oxford). 

2018;57(12):2106-13. 

104. Khanna D, Denton CP, Lin CJF, van Laar JM, Frech TM, Anderson ME, et al. 

Safety and efficacy of subcutaneous tocilizumab in systemic sclerosis: results from the 

open-label period of a phase II randomised controlled trial (faSScinate). Ann Rheum Dis. 

2018;77(2):212-20. 

105. Khanna D, Lin CJF, Furst DE, Goldin J, Kim G, Kuwana M, et al. Tocilizumab 

in systemic sclerosis: a randomised, double-blind, placebo-controlled, phase 3 trial. 

Lancet Respir Med. 2020;8(10):963-74. 

106. Daoussis D, Melissaropoulos K, Sakellaropoulos G, Antonopoulos I, Markatseli 

TE, Simopoulou T, et al. A multicenter, open-label, comparative study of B-cell depletion 



69 

 

therapy with Rituximab for systemic sclerosis-associated interstitial lung disease. Semin 

Arthritis Rheu. 2017;46(5):625-31. 

107. Khanna D, Lin CJF, Furst DE, Wagner B, Zucchetto M, Raghu G, et al. Long-

Term Safety and Efficacy of Tocilizumab in Early Systemic Sclerosis-Interstitial Lung 

Disease: Open-Label Extension of a Phase 3 Randomized Controlled Trial. Am J Respir 

Crit Care Med. 2022;205(6):674-84. 

108. Burt RK, Shah SJ, Dill K, Grant T, Gheorghiade M, Schroeder J, et al. Autologous 

non-myeloablative haemopoietic stem-cell transplantation compared with pulse 

cyclophosphamide once per month for systemic sclerosis (ASSIST): an open-label, 

randomised phase 2 trial. Lancet. 2011;378(9790):498-506. 

109. van Laar JM, Farge D, Sont JK, Naraghi K, Marjanovic Z, Larghero J, et al. 

Autologous hematopoietic stem cell transplantation vs intravenous pulse 

cyclophosphamide in diffuse cutaneous systemic sclerosis a randomized clinical trial. 

Jama-J Am Med Assoc. 2014;311(24):2490-8. 

110. Sullivan KM, Goldmuntz EA, Keyes-Elstein L, McSweeney PA, Pinckney A, 

Welch B, et al. Myeloablative Autologous Stem-Cell Transplantation for Severe 

Scleroderma. New Engl J Med. 2018;378(1):35-47. 

111. Distler O, Highland KB, Gahlemann M, Azuma A, Fischer A, Mayes MD, et al. 

Nintedanib for Systemic Sclerosis-Associated Interstitial Lung Disease. N Engl J Med. 

2019;380(26):2518-28. 

112. Khanna D, Albera C, Fischer A, Khalidi N, Raghu G, Chung L, et al. An Open-

label, Phase II Study of the Safety and Tolerability of Pirfenidone in Patients with 

Scleroderma-associated Interstitial Lung Disease: the LOTUSS Trial. Journal of 

Rheumatology. 2016;43(9):1672-9. 

113. Mackintosh JA, Stainer A, Barnett JL, Renzoni EA. Systemic Sclerosis 

Associated Interstitial Lung Disease: A Comprehensive Overview. Semin Resp Crit Care. 

2019;40(2):208-26. 

114. Sottile PD, Iturbe D, Katsumoto TR, Connolly MK, Collard HR, Leard LA, et al. 

Outcomes in systemic sclerosis-related lung disease after lung transplantation. 

Transplantation. 2013;95(7):975-80. 

115. Miele CH, Schwab K, Saggar R, Duffy E, Elashoff D, Tseng CH, et al. Lung 

Transplant Outcomes in Systemic Sclerosis with Significant Esophageal Dysfunction A 



70 

 

Comprehensive Single-Center Experience. Annals of the American Thoracic Society. 

2016;13(6):793-802. 

116. Kreuter M, Bendstrup E, Russell AM, Bajwah S, Lindell K, Adir Y, et al. 

Palliative care in interstitial lung disease: living well. Lancet Resp Med. 2017;5(12):968-

80. 

117. Kadura S, Raghu G. Rheumatoid arthritis-interstitial lung disease: manifestations 

and current concepts in pathogenesis and management. Eur Respir Rev. 2021;30(160). 

118. Shaw M, Collins BF, Ho LA, Raghu G. Rheumatoid arthritis-associated lung 

disease. Eur Respir Rev. 2015;24(135):1-16. 

119. Smolen JS, Landewe RBM, Bijlsma JWJ, Burmester GR, Dougados M, 

Kerschbaumer A, et al. EULAR recommendations for the management of rheumatoid 

arthritis with synthetic and biological disease-modifying antirheumatic drugs: 2019 

update. Ann Rheum Dis. 2020;79(6):685-99. 

120. Hallowell RW, Horton MR. Interstitial lung disease in patients with rheumatoid 

arthritis: spontaneous and drug induced. Drugs. 2014;74(4):443-50. 

121. Wu C, Lin H, Zhang X. Inhibitory effects of pirfenidone on fibroblast to 

myofibroblast transition in rheumatoid arthritis-associated interstitial lung disease via the 

downregulation of activating transcription factor 3 (ATF3). Int Immunopharmacol. 

2019;74:105700. 

122. Antoniou KM VE, Trachalaki A, et al. Systemic lupus erythematosus, Sjögren 

syndrome and mixed connective tissue disease. In: Wuyts WA CV, Spagnolo P, et al.,, 

editor. Pulmonary 

Manifestations of Systemic Diseases (ERS Monograph). Sheffield: European Respiratory 

Society; 2019. p. 106-23. 

123. Keane MP, Lynch JP. Pleuropulmonary manifestations of systemic lupus 

erythematosus. Thorax. 2000;55(2):159-66. 

124. Alamoudi OSB, Attar SM. Pulmonary manifestations in systemic lupus 

erythematosus: Association with disease activity. Respirology. 2015;20(3):474-80. 

125. Antolin J, Amerigo MJ, Cantabrana A, Roces A, Jimenez P. Systemic lupus 

erythematosus: clinical manifestations and immunological parameters in 194 patients. 

Subgroup classification of SLE. Clinical Rheumatology. 1995;14(6):678-85. 



71 

 

126. Cervera R, Khamashta MA, Font J, Sebastiani GD, Gil A, Lavilla P, et al. 

Morbidity and mortality in systemic lupus erythematosus during a 10-year period - A 

comparison of early and late manifestations in a cohort of 1,000 patients. Medicine. 

2003;82(5):299-308. 

127. Noel V, Lortholary O, Casassus P, Cohen P, Genereau T, Andre MH, et al. Risk 

factors and prognostic influence of infection in a single cohort of 87 adults with systemic 

lupus erythematosus. Annals of the Rheumatic Diseases. 2001;60(12):1141-4. 

128. Memet B, Ginzler EM. Pulmonary manifestations of systemic lupus 

erythematosus. Semin Respir Crit Care Med. 2007;28(4):441-50. 

129. Stojan G, Baer AN, Danoff SK. Pulmonary manifestations of Sjögren's syndrome. 

Curr Allergy Asthm R. 2013;13(4):354-60. 

130. Gunnarsson R, Aalokken TM, Molberg O, Lund MB, Mynarek GK, Lexberg AS, 

et al. Prevalence and severity of interstitial lung disease in mixed connective tissue 

disease: a nationwide, cross-sectional study. Ann Rheum Dis. 2012;71(12):1966-72. 

131. Saito Y, Terada M, Takada T, Ishida T, Moriyama H, Ooi H, et al. Pulmonary 

involvement in mixed connective tissue disease: Comparison with other collagen vascular 

diseases using high resolution CT. J Comput Assist Tomo. 2002;26(3):349-57. 

132. Bodolay E, Szekanecz Z, Devenyi K, Galuska L, Csipo I, Vegh J, et al. Evaluation 

of interstitial lung disease in mixed connective tissue disease (MCTD). Rheumatology. 

2005;44(5):656-61. 

133. Gunnarsson R, Andreassen AK, Molberg O, Lexberg AS, Time K, Dhainaut ASS, 

et al. Prevalence of pulmonary hypertension in an unselected, mixed connective tissue 

disease cohort: results of a nationwide, Norwegian cross-sectional multicentre study and 

review of current literature. Rheumatology. 2013;52(7):1208-13. 

134. Vegh J, Szodoray P, Kappelmayer J, Csipo I, Udvardy M, Lakos G, et al. Clinical 

and immunoserological characteristics of mixed connective tissue disease associated with 

pulmonary arterial hypertension. Scand J Immunol. 2006;64(1):69-76. 

135. Cottin V BT, Mainbourg S, et al. Inflammatory myopathies. In: Wuyts WA CV, 

Spagnolo P, et al., editor. Pulmonary Manifestations of Systemic Diseases (ERS 

Monograph). Sheffield: European Respiratory Society; 2019. p. pp. 68-89. 

136. Bohan A, Peter JB. Polymyositis and Dermatomyositis .2. New Engl J Med. 

1975;292(8):403-7. 



72 

 

137. Bohan A, Peter JB. Polymyositis and Dermatomyositis .1. New Engl J Med. 

1975;292(7):344-7. 

138. Lega JC, Reynaud Q, Belot A, Fabien N, Durieu I, Cottin V. Idiopathic 

inflammatory myopathies and the lung. Eur Respir Rev. 2015;24(136):216-38. 

139. Saketkoo LA, Ascherman DP, Cottin V, Christopher-Stine L, Danoff SK, Oddis 

CV. Interstitial Lung Disease in Idiopathic Inflammatory Myopathy. Curr Rheumatol 

Rev. 2010;6(2):108-19. 

140. Cottin V, Thivolet-Bejui F, Reynaud-Gaubert M, Cadranel J, Delaval P, 

Ternamian PJ, et al. Interstitial lung disease in amyopathic dermatomyositis, 

dermatomyositis and polymyositis. Eur Respir J. 2003;22(2):245-50. 

141. Hervier B, Devilliers H, Stanciu R, Meyer A, Uzunhan Y, Masseau A, et al. 

Hierarchical cluster and survival analyses of antisynthetase syndrome: Phenotype and 

outcome are correlated with anti-tRNA synthetase antibody specificity. Autoimmunity 

Reviews. 2012;12(2):210-7. 

142. Labrador-Horrillo M, Martinez MA, Selva-O'Callaghan A, Trallero-Araguas E, 

Balada E, Vilardell-Tarres M, et al. Anti-MDA5 antibodies in a large Mediterranean 

population of adults with dermatomyositis. J Immunol Res. 2014;2014. 

143. Moghadam-Kia S, Oddis CV, Sato S, Kuwana M, Aggarwal R. Anti-Melanoma 

Differentiation-Associated Gene 5 Is Associated With Rapidly Progressive Lung Disease 

and Poor Survival in US Patients With Amyopathic and Myopathic Dermatomyositis. 

Arthritis Care Res. 2016;68(5):689-94. 

144. Douglas WW, Tazelaar HD, Hartman TE, Hartman RP, Decker PA, Schroeder 

DR, et al. Polymyositis-dermatomyositis-associated interstitial lung disease. Am J Resp 

Crit Care. 2001;164(7):1182-5. 

145. Mehrjardi MZ, Kahkouee S, Pourabdollah M. Radio-pathological correlation of 

organizing pneumonia (OP): a pictorial review. Brit J Radiol. 2017;90(1071). 

146. Marie I, Josse S, Hatron PY, Dominique S, Hachulla E, Janvresse A, et al. 

Interstitial lung disease in anti-Jo-1 patients with antisynthetase syndrome. Arthritis Care 

Res (Hoboken). 2013;65(5):800-8. 

147. Mosca M, Neri R, Bombardieri S. Undifferentiated connective tissue diseases 

(UCTD): A review of the literature and a proposal for preliminary classification criteria. 

Clinical and Experimental Rheumatology. 1999;17(5):615-20. 



73 

 

148. Vij R, Noth I, Strek ME. Autoimmune-featured interstitial lung disease: a distinct 

entity. Chest. 2011;140(5):1292-9. 

149. Kinder BW, Collard HR, Koth L, Daikh DI, Wolters PJ, Elicker B, et al. Idiopathic 

nonspecific interstitial pneumonia - Lung manifestation of undifferentiated connective 

tissue disease? American Journal of Respiratory and Critical Care Medicine. 

2007;176(7):691-7. 

150. Fischer A, West SG, Swigris JJ, Brown KK, du Bois RM. Connective tissue 

disease-associated interstitial lung disease: a call for clarification. Chest. 

2010;138(2):251-6. 

151. Mackintosh JA, Wells AU, Cottin V, Nicholson AG, Renzoni EA. Interstitial 

pneumonia with autoimmune features: challenges and controversies. European 

Respiratory Review. 2021;30(162). 

152. Ferri C, Manfredi A, Sebastiani M, Colaci M, Giuggioli D, Vacchi C, et al. 

Interstitial pneumonia with autoimmune features and undifferentiated connective tissue 

disease: Our interdisciplinary rheumatology-pneumology experience, and review of the 

literature. Autoimmun Rev. 2016;15(1):61-70. 

153. Sambataro G, Sambataro D, Torrisi SE, Vancheri A, Pavone M, Rosso R, et al. 

State of the art in interstitial pneumonia with autoimmune features: a systematic review 

on retrospective studies and suggestions for further advances. Eur Respir Rev. 

2018;27(148). 

154. Oldham JM, Adegunsoye A, Valenzi E, Lee C, Witt L, Chen L, et al. 

Characterisation of patients with interstitial pneumonia with autoimmune features. 

European Respiratory Journal. 2016;47(6):1767-75. 

155. Chartrand S, Swigris JJ, Stanchev L, Lee JS, Brown KK, Fischer A. Clinical 

features and natural history of interstitial pneumonia with autoimmune features: A single 

center experience. Resp Med. 2016;119:150-4. 

156. Ahmad K, Barba T, Gamondes D, Ginoux M, Khouatra C, Spagnolo P, et al. 

Interstitial pneumonia with autoimmune features: Clinical, radiologic, and histological 

characteristics and outcome in a series of 57 patients. Respir Med. 2017;123:56-62. 

157. Ito Y, Arita M, Kumagai S, Takei R, Noyama M, Tokioka F, et al. Serological and 

morphological prognostic factors in patients with interstitial pneumonia with autoimmune 

features. Bmc Pulmonary Medicine. 2017;17. 



74 

 

158. Sambataro G, Sambataro D, Torrisi SE, Vancheri A, Colaci M, Pavone M, et al. 

Clinical, serological and radiological features of a prospective cohort of Interstitial 

Pneumonia with Autoimmune Features (IPAF) patients. Respir Med. 2019;150:154-60. 

159. Noriyuki Enomoto, Sakae Homma, Naohiko Inase, Yasuhiro Kondoh, Takeshi 

Saraya, Hajime Takizawa, et al. Prospective nationwide multicentre cohort study of the 

clinical significance of autoimmune features in idiopathic interstitial pneumonias. 

Thorax. 2022;77:143-53. 

160. Kelly BT, Moua T. Overlap of interstitial pneumonia with autoimmune features 

with undifferentiated connective tissue disease and contribution of UIP to mortality. 

Respirology. 2018;23(6):600-5. 

161. Yoshimura K, Kono M, Enomoto Y, Nishimoto K, Oyama Y, Yasui H, et al. 

Distinctive characteristics and prognostic significance of interstitial pneumonia with 

autoimmune features in patients with chronic fibrosing interstitial pneumonia. Resp Med. 

2018;137:167-75. 

162. Dai JH, Wang L, Yan X, Li H, Zhou KF, He J, et al. Clinical features, risk factors, 

and outcomes of patients with interstitial pneumonia with autoimmune features: a 

population-based study. Clinical Rheumatology. 2018;37(8):2125-32. 

163. DeDent AM FA. Interstitial pneumonia with autoimmune features. In: Wuyts WA 

CV, Spagnolo P, et al., eds, editor. Pulmonary Manifestations of Systemic Diseases (ERS 

Monograph). Sheffield: European Respiratory Society; 2019. p. pp. 140–52  

164. Kamiya H, Panlaqui OM. Systematic review and meta-analysis of the prognosis 

and prognostic factors of interstitial pneumonia with autoimmune features. BMJ Open. 

2019;9(12):e031444. 

165. Wiertz IA, van Moorsel CHM, Vorselaars ADM, Quanjel MJR, Grutters JC. 

Cyclophosphamide in steroid refractory unclassifiable idiopathic interstitial pneumonia 

and interstitial pneumonia with autoimmune features (IPAF). European Respiratory 

Journal. 2018;51(4). 

166. McCoy SS, Mukadam Z, Meyer KC, Kanne JP, Meyer CA, Martin MD, et al. 

Mycophenolate therapy in interstitial pneumonia with autoimmune features: a cohort 

study. Ther Clin Risk Manag. 2018;14:2171-81. 

167. Fernandes L, Nasser M, Ahmad K, Cottin V. Interstitial Pneumonia With 

Autoimmune Features (IPAF). Front Med (Lausanne). 2019;6:209. 



75 

 

168. Jee AS, Parker MJS, Bleasel JF, Troy LK, Lau EM, Jo HE, et al. Baseline 

Characteristics and Survival of an Australian Interstitial Pneumonia with Autoimmune 

Features Cohort. Respiration. 2021;100(9):853-64. 

169. Sebastiani M, Cassone G, De Pasquale L, Cerri S, Della Casa G, Vacchi C, et al. 

Interstitial pneumonia with autoimmune features: A single center prospective follow-up 

study. Autoimmunity Reviews. 2020;19(2). 

170. Cottin V, Hirani NA, Hotchkin DL, Nambiar AM, Ogura T, Otaola M, et al. 

Presentation, diagnosis and clinical course of the spectrum of progressive-fibrosing 

interstitial lung diseases. Eur Respir Rev. 2018;27(150). 

171. Maher TM, Brown KK, Kreuter M, Devaraj A, Walsh SLF, Lancaster LH, et al. 

Effects of nintedanib by inclusion criteria for progression of interstitial lung disease. Eur 

Respir J. 2021. 

172. Richeldi L, Launders N, Martinez F, Walsh SLF, Myers J, Wang B, et al. The 

characterisation of interstitial lung disease multidisciplinary team meetings: a global 

study. ERJ Open Res. 2019;5(2). 

173. Nagy A, Nagy T, Kolonics-Farkas A, Eszes N, Vincze K, Barczi E, et al. 

Autoimmune Progressive Fibrosing Interstitial Lung Disease: Predictors of Fast Decline. 

Front Pharmacol. 2021;12:778649. 

174. Kay J, Upchurch KS. ACR/EULAR 2010 rheumatoid arthritis classification 

criteria. Rheumatology (Oxford). 2012;51 Suppl 6:vi5-9. 

175. Petri M, Orbai AM, Alarcon GS, Gordon C, Merrill JT, Fortin PR, et al. Derivation 

and validation of the systemic lupus international collaborating clinics classification 

criteria for systemic lupus erythematosus. Arthritis Rheum-Us. 2012;64(8):2677-86. 

176. Aringer M. EULAR/ACR classification criteria for SLE. Semin Arthritis Rheum. 

2019;49(3S):S14-S7. 

177. Yates M, Watts RA, Bajema IM, Cid MC, Crestani B, Hauser T, et al. 

EULAR/ERA-EDTA recommendations for the management of ANCA-associated 

vasculitis. Ann Rheum Dis. 2016;75(9):1583-94. 

178. Lundberg IE, Tjarnlund A, Bottai M, Werth VP, Pilkington C, Visser M, et al. 

2017 European League Against Rheumatism/American College of Rheumatology 

classification criteria for adult and juvenile idiopathic inflammatory myopathies and their 

major subgroups. Ann Rheum Dis. 2017;76(12):1955-64. 



76 

 

179. Ortega-Hernandez OD, Shoenfeld Y. Mixed connective tissue disease: an 

overview of clinical manifestations, diagnosis and treatment. Best Pract Res Clin 

Rheumatol. 2012;26(1):61-72. 

180. Mosca M, Tani C, Vagnani S, Carli L, Bombardieri S. The diagnosis and 

classification of undifferentiated connective tissue diseases. J Autoimmun. 2014;48-

49:50-2. 

181. Laboratories ATSCoPSfCPF. ATS statement: guidelines for the six-minute walk 

test. Am J Respir Crit Care Med. 2002;166(1):111-7. 

182. Wangkaew S, Euathrongchit J, Wattanawittawas P, Kasitanon N. Correlation of 

delta high-resolution computed tomography (HRCT) score with delta clinical variables 

in early systemic sclerosis (SSc) patients. Quant Imaging Med Surg. 2016;6(4):381-90. 

183. Graham BL, Steenbruggen I, Barjaktarevic IZ, Cooper BG, Hall GL, Hallstrand 

TS, et al. Standardization of Spirometry 2019 Update An Official American Thoracic 

Society and European Respiratory Society Technical Statement. Am J Resp Crit Care. 

2019;200(8):70-88. 

184. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al. 

Standardisation of spirometry. Eur Respir J. 2005;26(2):319-38. 

185. Ley B, Ryerson CJ, Vittinghoff E, Ryu JH, Tomassetti S, Lee JS, et al. A 

multidimensional index and staging system for idiopathic pulmonary fibrosis. Ann Intern 

Med. 2012;156(10):684-91. 

186. Ryerson CJ, Vittinghoff E, Ley B, Lee JS, Mooney JJ, Jones KD, et al. Predicting 

survival across chronic interstitial lung disease: the ILD-GAP model. Chest. 

2014;145(4):723-8. 

187. Nagy A, Palmer E, Polivka L, Eszes N, Vincze K, Barczi E, et al. Treatment and 

Systemic Sclerosis Interstitial Lung Disease Outcome: The Overweight Paradox. 

Biomedicines. 2022;10(2):434. 

188. Muza SR, Silverman MT, Gilmore GC, Hellerstein HK, Kelsen SG. Comparison 

of scales used to quantitate the sense of effort to breathe in patients with chronic 

obstructive pulmonary disease. Am Rev Respir Dis. 1990;141(4):909-13. 

189. Oliveira RP, Ribeiro R, Melo L, Grima B, Oliveira S, Alves JD. Connective tissue 

disease-associated interstitial lung disease. Pulmonology. 2022;28(2):113-8. 



77 

 

190. Graney BA, Fischer A. Interstitial Pneumonia with Autoimmune Features. Ann 

Am Thorac Soc. 2019;16(5):525-33. 

191. Cottin V, Wollin L, Fischer A, Quaresma M, Stowasser S, Harari S. Fibrosing 

interstitial lung diseases: knowns and unknowns. Eur Respir Rev. 2019;28(151). 

192. Panagopoulos P, Goules A, Hoffmann-Vold AM, Matteson EL, Tzioufas A. 

Natural history and screening of interstitial lung disease in systemic autoimmune 

rheumatic disorders. Ther Adv Musculoskelet Dis. 2021;13:1759720x211037519. 

193. La Corte R, Lo Mo Naco A, Locaputo A, Dolzani F, Trotta F. In patients with 

antisynthetase syndrome the occurrence of anti-Ro/SSA antibodies causes a more severe 

interstitial lung disease. Autoimmunity. 2006;39(3):249-53. 

194. Vancsa A, Csipo I, Nemeth J, Devenyi K, Gergely L, Danko K. Characteristics of 

interstitial lung disease in SS-A positive/Jo-1 positive inflammatory myopathy patients. 

Rheumatol Int. 2009;29(9):989-94. 

195. Shiboski SC, Shiboski CH, Criswell LA, Baer AN, Challacombe S, Lanfranchi H, 

et al. American College of Rheumatology classification criteria for Sjogren's syndrome: 

A data-driven, expert consensus approach in the Sjogren's International Collaborative 

Clinical Alliance Cohort. Arthrit Care Res. 2012;64(4):475-87. 

196. Robbins A, Hentzien M, Toquet S, Didier K, Servettaz A, Pham BN, et al. 

Diagnostic Utility of Separate Anti-Ro60 and Anti-Ro52/TRIM21 Antibody Detection in 

Autoimmune Diseases. Front Immunol. 2019;10:444. 

197. Dugar M, Cox S, Limaye V, Gordon TP, Roberts-Thomson PJ. Diagnostic utility 

of anti-Ro52 detection in systemic autoimmunity. Postgrad Med J. 2010;86(1012):79-82. 

198. Hudson M, Pope J, Mahler M, Tatibouet S, Steele R, Baron M, et al. Clinical 

significance of antibodies to Ro52/TRIM21 in systemic sclerosis. Arthritis Res Ther. 

2012;14(2). 

199. Menendez A, Gomez J, Escanlar E, Caminal-Montero L, Mozo L. Clinical 

associations of anti-SSA/Ro60 and anti-Ro52/TRIM21 antibodies: Diagnostic utility of 

their separate detection. Autoimmunity. 2013;46(1):32-9. 

200. Panagiotou M, Church AC, Johnson MK, Peacock AJ. Pulmonary vascular and 

cardiac impairment in interstitial lung disease. Eur Respir Rev. 2017;26(143). 

201. Kato H, Menon AS, Slutsky AS. Mechanisms mediating the heart rate response 

to hypoxemia. Circulation. 1988;77(2):407-14. 



78 

 

202. Humbert M, Kovacs G, Hoeper MM, Badagliacca R, Berger RMF, Brida M, et al. 

2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension. 

Eur Respir J. 2023;61(1). 

203. Nikkho SM, Richter MJ, Shen E, Abman SH, Antoniou K, Chung J, et al. Clinical 

significance of pulmonary hypertension in interstitial lung disease: A consensus statement 

from the Pulmonary Vascular Research Institute's innovative drug development initiative-

Group 3 pulmonary hypertension. Pulm Circ. 2022;12(3):e12127. 

204. Barczi E, Nagy T, Starobinski L, Kolonics-Farkas A, Eszes N, Bohacs A, et al. 

Impact of interstitial lung disease and simultaneous lung cancer on therapeutic 

possibilities and survival. Thorac Cancer. 2020;11(7):1911-7. 

205. Divo MJ, Cabrera C, Casanova C, Marin JM, Pinto-Plata VM, de-Torres JP, et al. 

Comorbidity Distribution, Clinical Expression and Survival in COPD Patients with 

Different Body Mass Index. Chronic Obstr Pulm Dis. 2014;1(2):229-38. 

206. Jouneau S, Crestani B, Thibault R, Lederlin M, Vernhet L, Valenzuela C, et al. 

Analysis of body mass index, weight loss and progression of idiopathic pulmonary 

fibrosis. Respir Res. 2020;21(1):312. 

207. Jouneau S, Crestani B, Thibault R, Lederlin M, Vernhet L, Yang M, et al. Post 

hoc Analysis of Clinical Outcomes in Placebo- and Pirfenidone-Treated Patients with IPF 

Stratified by BMI and Weight Loss. Respiration. 2021:1-13. 

208. Kreuter M, Bendstrup E, Jouneau S, Maher TM, Inoue Y, Miede C, et al. Weight 

loss and outcomes in subjects with progressive pulmonary fibrosis: data from the 

INBUILD trial. Respir Res. 2023;24(1):71. 

 

  



79 

 

9. BIBLIOGRAPHY OF THE CANDIDATE’S PUBLICATIONS  

9.1. Publications related to the subjects of the thesis 

Nagy A, Nagy T, Kolonics-Farkas AM, Eszes N, Vincze K, Barczi E, Tarnoki AD, 

Tarnoki DL, Nagy G, Kiss E, Maurovich-Horvat P, Bohacs A, Müller V. Autoimmune 

Progressive Fibrosing Interstitial Lung Disease: Predictors of Fast Decline. Front 

Pharmacol. 2021 Dec 22;12:778649. doi: 10.3389/fphar.2021.778649. PMID: 35002713; 

PMCID: PMC8727590. 

Nagy A, Palmer E, Polivka L, Eszes N, Vincze K, Barczi E, Bohacs A, Tarnoki AD, 

Tarnoki DL, Nagy G, Kiss E, Maurovich-Horvat P, Müller V. Treatment and Systemic 

Sclerosis Interstitial Lung Disease Outcome: The Overweight Paradox. Biomedicines. 

2022 Feb 13;10(2):434. doi: 10.3390/biomedicines10020434. PMID: 35203643; 

PMCID: PMC8962393. 

Nagy A; Palmer E; Nagy T; Bárczi E; Vincze K; Eszes N; Tárnoki ÁD; Tárnoki DL; 

Bohács A; Maurovich-Horvát P et al. Interstitialis pneumonia autoimmun jelleggel: 

magyarországi betegjellemzők a nemzetközi adatok tükrében. Medicina Thoracalis 

(Budapest). 75: 2 pp. 59-65 , 7 p. (2022). 

 

9.2. Publications not related to the subjects of the thesis 

Bárczi E, Varga V, Nagy A, Eszes N, Jáky-Kováts Z, Müller V, Bohács A. Serological 

findings following the second and third SARS-CoV-2 vaccines in lung transplant 

recipients. Immun Inflamm Dis. 2022 Aug;10(8): e646. doi: 10.1002/iid3.646. PMID: 

35894705; PMCID: PMC9311263. 

Müller V, Polivka L, Valyi-Nagy I, Nagy A, Szekanecz Z, Bogos K, Vago H, Kamondi 

A, Fekete F, Szlavik J, Elek J, Surján G, Surján O, Nagy P, Schaff Z, Müller C, Kiss Z, 

Kásler M. Booster Vaccination Decreases 28-Day All-Cause Mortality of the Elderly 

Hospitalized Due to SARS-CoV-2 Delta Variant. Vaccines (Basel). 2022 Jun 

21;10(7):986. doi: 10.3390/vaccines10070986. PMID: 35891151; PMCID: 

PMC9321254. 



80 

 

Nagy A, Idiopathiás interstitialis pneumoniák, In: Muller V.; Bohacs A; Eszes N; Horvath 

G; Lazar Zs; Losonczy Gy; Tamási L; Varga JT (szerk.) Tüdőgyógyászat zsebkönyv 

vizsgára készülőknek. Budapest, Magyarország: Semmelweis Kiadó (2022) 295 p. pp. 

231-236. , 6 p. 

Nagy T, Toth NM, Palmer E, Polivka L, Csoma B, Nagy A, Eszes N, Vincze K, Bárczi 

E, Bohács A, Tárnoki ÁD, Tárnoki DL, Nagy G, Kiss E, Maurovich-Horvát P, Müller V. 

Clinical Predictors of Lung-Function Decline in Systemic-Sclerosis-Associated 

Interstitial Lung Disease Patients with Normal Spirometry. Biomedicines. 2022 Aug 

31;10(9):2129. doi: 10.3390/biomedicines10092129. PMID: 36140231; PMCID: 

PMC9495755. 

Percze AR, Nagy A, Polivka L, Barczi E, Czaller I, Kovats Z, Varga JT, Ballai JH, Muller 

V, Horvath G. Fatigue, sleepiness and sleep quality are SARS-CoV-2 variant independent 

in patients with long COVID symptoms. Inflammopharmacology. 2023 Apr 5:1–7. doi: 

10.1007/s10787-023-01190-4. PMID: 37020055; PMCID: PMC10075170. 

  



81 

 

9.3. Presentations/abstracts related to the subjects of the thesis 

Nagy A, Bárczi E, Farkas A, Bohács A, Vincze K, Eszes N, Erdélyi T, Tarnoki AD, 

Tarnoki DL, and Müller V. “Effect of Antifibrotic Therapies in Patients with Interstitial 

Pneumonia with Autoimmune Features,” EUROPEAN RESPIRATORY JOURNAL, 

vol. 56, no. Suppl. 64, 2020. 

Nagy A, Palmer E, Bárczi E, Farkas A, Erdélyi T, Vincze K, Eszes N, Bohács A, and 

Müller V. “Lung functional decline in patients with Interstitial Pneumonia with 

Autoimmune Features (IPAF),” EUROPEAN RESPIRATORY JOURNAL, vol. 58, no. 

Suppl. 65, 2021. 

Nagy A, Palmer E, Bárczi E, Bohács A, Vincze K, Eszes N, Tárnoki ÁD, Tárnoki DL, 

Maurovich-Horváth P, Müller V. Interstitialis pneumonia autoimmun jellemzőkkel 

(IPAF) betegek klinikai jellemzői és terápiás lehetőségek. A Magyar Tüdőgyógyász 

Társaság Allergológiai És Légzéspathológiai, Valamint ILD Szekcióinak Tudományos 

Ülése. 2021.05.27-29. (2021). Közlemény:32061626  

Mák B, Nagy A, and Müller V. 2023. Progresszív pulmonáris fibrózis autoimmun 

instersticiális tüdőbetegségekben – A funkcionális romlás prediktorai. MTT PULMO 

2023, A Magyar Tüdőgyógyász Társaság Allergológiai és Légzéspathológiai, valamint 

ILD Szekcióinak tudományos ülése, Kecskemét, 2023. március 23-25., Előadás B26 

 

  



82 

 

9.4. Presentations/abstracts not related to the subjects of the thesis 

Nagy A, Nagy T, Polivka L, et al. 2023. A korai tüdőérintettség indikátorai RA 

páciensekben. MTT PULMO 2023, A Magyar Tüdőgyógyász Társaság Allergológiai és 

Légzéspathológiai, valamint ILD Szekcióinak tudományos ülése, Kecskemét, 2023. 

március 23-25., Előadás B37. 

Tóth N, Nagy T, Bárczi E, Nagy A, Eszes N, Vincze K, Bohács A, Müller V. SARS-

CoV2 vaccination in Hungarian IPF patients (2022). European Respiratory Society (ERS) 

International Congress Barcelona. 2022. 09. 04-06., Poster presentation. 

Tóth N, Nagy T, Bárczi E, Nagy A, Eszes N, Vincze K, Bohács A, Müller V. SARS-

CoV2 elleni oltási tapasztalatok magyar IPF betegekben (2021). A Magyar 

Tüdőgyógyász Társaság 62. Nagygyűlése. Győr. 2022. 05. 18-21., Szóbeli prezentáció. 

 

  



83 

 

10. ACKNOWLEDGEMENTS 

I would like to express my deep appreciation to all those who have contributed to 

this work. First and foremost, I would like to thank Prof. Dr. Veronika Müller, who has 

provided invaluable guidance, support, and encouragement throughout this journey. Her 

expertise and knowledge has been an immense help in shaping this thesis. 

I would also like to extend my thanks to Dr. Tamás Nagy, Dr. Lőrinc Polivka, Dr. 

Erik Palmer and all of my Colleagues at the Department of Pulmnology. Their 

contributions have been invaluable and I am grateful for their friendship. Special thanks 

go to Dr. Ádám Domonkos Tárnoki and Dr. Dávid László Tárnoki, who contributed to 

the preparation of the articles on which my dissertation is based. 

Finally, I am most grateful to my family for supporting me throughout. 


