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1 INTRODUCTION 

1.1 Definition and classification of interstitial lung disease (ILD) 

Interstitial lung diseases are a heterogeneous group of acute or chronic 

disorders which involve the lung parenchyma and cause various degrees of 

inflammation and/or fibrosis of the lung. This spectrum of diseases involves not 

only the interstitium but also the alveoli and bronchi. Therefore the term ‘diffuse 

parenchymal lung diseases’ (DPLD) is also used. The classification of ILDs 

depends on the underlying aetiology or histomorphology.   

Idiopathic interstitial pneumonias (IIP) are a group of diffuse parenchymal 

lung diseases with unknown cause or association (Travis et al., 2013), Figure 1. 

Before an ILD is diagnosed as ‘idiopathic’, other underlying casualties such as 

connective tissue diseases (CTD), ILD caused by inhalation exposure such as 

silicosis or hypersensitivity pneumonitis and drug-induced ILD should be excluded.  

ILDs cause progressive fibrosis and impaired pulmonary function with 

ensuing respiratory insufficiency. Restrictive ventilatory impairment and reduced 

diffusion capacity are the usual findings of ILDs in the pulmonary function test.  

A precise medical history of co-existing diseases such as connective tissue 

diseases, occupational exposure to dusts, smoking history, exposure to feathers 

and mould is essential for the differential diagnosis of the ILDs, while the treatment 

options differs.  

Furthermore, clinical signs of connective tissue diseases as well as 

biomarkers play a crucial role in the differential diagnosis of CTD associated ILDs 

and exclusion of other ILDs. 
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IPF: Idiopathic pulmonary fibrosis, NSIP: Nonspecific interstitial pneumonia,  
RBILD: Respiratory bronchiolitis-interstitial lung disease, DIP: Desquamative interstitial pneumonia, 
AIP: Acute interstitial pneumonia, COP: Cryptogene organizing pneumonia 

Figure 1 Idiopathic interstitial pneumonias (IIPs) 

 

CTD-related ILDs (CTD-ILDs) can vary in their clinical, radiological and 

histological appearances. The treatment and prognosis of CTD-ILDs differs from 

the IIPs, albeit the radiological and histopathological patterns are similar. Whereas 

in IIPs the most common form is UIP (47% to 62%), followed by NSIP (14% to 

36%), in CTD-ILD the most frequent pattern is NSIP (Nicholson et al., 2000; Park 

et al., 2007). Other histopathological patterns which can be observed in CTD-ILDs 

include organising pneumonia (OP), lymphoid interstitial pneumonia (LIP), and 

diffuse alveolar damage (DAD). The patterns vary in frequency in the different 

CTDs (Tzelepis et al., 2008) Table 1.  
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Table 1 Types of interstitial lung disease encountered in connective tissue 

diseases  

 SSc PM/DM  PSS  RA SLE MCTD 

Usual interstitial pneumonia ++ ++ +  ++ + + 
Nonspecific interstitial pneumonia ++++ ++++ +  + ++ ++ 
Organizing pneumonia + ++ +  + + - 
Diffuse alveolar damage + ++ +  + ++ - 
Lymphocytic interstitial pneumonia - - +++  - - - 
SSc: systemic sclerosis, PM: polymyositis, DM: dermatomyositis, PSS: primary Sjögren’s 
syndrome, RA: rheumatoid arthritis, SLE: systemic lupus erythematosus, MCTD: mixed 
connective tissue disease, +: lowest frequency, ++++: highest frequency, -: rare pulmonary 
involvement.     

1.2 Spectrum of CTDs with associated ILD  

CTDs or collagen vascular diseases are a heterogeneous group of 

autoimmune diseases which involve connective tissues, skin, muscles, joints, 

lungs and other organs. Antibody related inflammatory reactions trigger organ 

damage due to autoimmunity with consecutive fibrotic changes (Fischer and 

Richeldi, 2014). Inflammatory changes can manifest in different parts of the 

pulmonary system, from airways to the lung parenchyma, and also in the pleura 

and the pulmonary vasculature (Fischer and du Bois, 2012), Table 2. 

Table 2 Pulmonary manifestations in CTD 

 ILD Airways  Pleural  Vascular DAH 

Systemic sclerosis +++ - -  +++ - 
Rheumatoid Arthritis ++ ++ ++  + - 
Primary Sjögren’s syndrome ++ ++ +  + - 
Mixed CTD ++ + +  ++ - 
Polymyositis/dermatomyositis +++ - -  + - 
Systemic lupus erythematosus + + +++  + ++ 
        

The signs show prevalence of each manifestation (-= no prevalence, +=low prevalence, 
++=medium prevalence, +++high prevalence). DAH=diffuse alveolar damage.  
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The CTDs consist of scleroderma (SSc, systemic sclerosis), poly-

/dermatomyositis (PM/DM), primary Sjögren syndrome (SjS), rheumatoid arthritis 

(RA), systemic lupus erythematosus (SLE), mixed CTD (MCTD), and 

undifferentiated CTD (UCTD) (Olson et al., 2012) Table 3. 

 

Table 3 CTDs and other autoimmune diseases with lung involvement 

Connective tissue diseases 

Rheumatoid arthritis  
Systemic sclerosis (scleroderma) 
Poly-/dermatomyositis (Anti-synthetase syndrome) 
Sjögren’s syndrome 

Systemic lupus erythematosus 

Mixed connective tissue disease 
Undifferentiated connective tissue disease 

Other autoimmune disorders 

Polyangiitis with granulomatosis (Wegener’s syndrome) 

Churg-Strauss vasculitis 

Antiphospholipid syndrome 

Behcet’s disease 

Relapsing polychondritis 

Spondyloarthropathy 
 

The pathophysiologic evolvement of the CTDs is triggered by an inflammatory 

reaction with consequent fibrotic changes of connective tissue in multiple organs. 

Endothelial damage, which might be triggered by autoantibodies, viral agents or 

reactive oxygen radicals is the earliest step in the development of the inflammatory 

cascade and fibrosis. Endothelial damage generates vasodilatation, increased 

capillary permeability and expression of vasoactive mediators such as endothelial 

leukocyte adhesion molecule 1, VCAM-1. Activated endothelial cells release 

endothelin-1, which stimulates leukocyte adhesion to endothelium, fibroblast 

activation and smooth muscle cell proliferation.  Fibroblasts and myofibroblasts 
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are playing an essential role in the development of fibrosis and derangement of the 

extracellular matrix. One of the pivotal mediators in the fibrotic process is 

transforming growth factor-ß (TGF-ß) (Varga and Abraham, 2007). 

Transforming growth factor-ß is a potent stimulus which activates the fibrotic 

cascade via connective tissue accumulation and myofibroblast proliferation. TGF-

ß activates (phosphorylates) the intracellular signalling transduction system 

SMAD2, SMAD3 and SMAD4 in the nucleus which triggers DNA transcription of 

type I collagen, connective tissue growth factor (CTGF) and fibronectin (Varga and 

Abraham, 2007). Smad independent signal pathways such as c-Abl, TAK1, 

phosphatidylinositol 3 kinase and mitogen activated protein kinases are also 

triggered by TGF-ß and play a role in the pathogenesis of fibrosis, cancer, and 

autoimmunity (Castelino and Varga, 2014). 

Another transcription factor playing a role in the development of fibrosis is the 

early growth response-1 (Egr-1), a zinc finger DNA binding protein, which is 

activated at sites of injury and regulates tissue response to acute injury by 

activating the synthesis of CTGF, plasminogen activator inhibitor-1, platelet derived 

growth factor and TGF-ß. Increased Egr-1 expression correlates with increased 

collagen accumulation in the bleomycin induced scleroderma mice and 

proliferation of myofibroblasts (Wu et al., 2009). Hence, it is associated with 

progression of fibrosis. 

 Rheumatoid Arthritis (RA) 

Rheumatoid arthritis (RA) usually manifests symmetrically as a progressive 

and destructive polyarthritis. It affects approximately 1% of the world population 

(Brown, 2007). It is the most frequent CTD. The incidence varies between 12 and 

70 per 100.000 in the male population. It is seen twice as much in the female 

population.  
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Extraarticular manifestations are usually vascular, cardiac and pulmonary. 

They occur in up to 40% of the patients and are associated with higher mortality 

and morbidity. Their incidence has not declined over the decades (Gabriel et al., 

2003; Turesson et al., 2003). On HRCT, ILD can be detected in up to 50% of 

patients with RA, but clinically significant RA-ILD is less frequent and affects 

approximately 10% of patients. Although approximately 40% of the RA patients die 

from cardiovascular diseases (Sihvonen et al., 2004), RA-ILD causes 10% to 20% 

of mortality in individuals with RA (Olson et al., 2011).  

 Systemic sclerosis (SSc) 

Systemic sclerosis shows features of progressive skin induration and 

sclerosis, fibrosis and small vessel vasculopathy. Depending on the extension of 

skin involvement SSc is divided into limited cutaneous scleroderma (LcSSc), 

diffuse cutaneous scleroderma (DcSSc) and SSc without skin involvement. The 

prevalence of SSc varies between 50 and 300/million (Chifflot et al., 2008).  

The clinical manifestation of SSc include skin thickening of fingers spreading 

to metacarpophalangeal joints, fingertip lesions, telangiectasia, abnormal nailfold 

capillaries, interstitial lung disease, pulmonary hypertension, Raynaud’s 

phenomenon and SSc related autoantibodies (van den Hoogen et al., 2013).   

Autoantibodies against topoisomerase I, also called anti-Scl-70 are usually 

detected in patients with DcSSc and often associated with development of SSc-

ILD and ensuing lung fibrosis. On the other hand detection of anticentromere 

antibody is less likely to be associated with SSc-ILD and usually correlates with 

pulmonary hypertension (Bonella and Costabel, 2014).  

SSc-ILD and pulmonary hypertension are the most common causes of SSc 

related mortality (Steen and Medsger, 2007). Non-specific interstitial pneumonia 

(NSIP) is the most frequent histological pattern in SSc-ILD. The mortality correlates 
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rather with decreased DLCO and FVC and the presence of pulmonary 

hypertension than with the histomorphological pattern (Bouros et al., 2002). 

 Polymyositis/Dermatomyositis (PM/DM) - (Anti-synthetase 

syndrome)  

PM/DM are subacute inflammatory diseases which manifest in proximal 

muscles, DM affects also the skin. Clinical presentation of PM/DM is mainly 

progressive muscle weakness. However other organ manifestations such as 

pulmonary involvement, cardiac involvement and dysphagia are common. The 

incidence of PM/DM ranges from 1 to 6 per 1 million and these diseases 

predominantly affect the female population (Dalakas and Hohlfeld, 2003).  

Anti-synthetase syndrome is a subgroup of PM/DM and characterized by 

positivity of an anti-tRNA synthetase autoantibody and the features of myositis, 

inflammatory arthralgias or arthritis, Raynaud’s phenomenon (RP), ‘mechanic’s 

hands’ (roughened skin over the tips of hands), ILD and esophageal dysmotility. 

Patients with anti-synthetase syndrome present usually clinical features of ILD with 

dyspnoea at the early stages of the clinical course; the symptoms of myositis may 

remain subclinical (Fischer et al., 2009).  

Pulmonary complications are the major cause of mortality and morbidity of 

PM/DM. Hypoventilation related atelectasis or pneumonia due to thoracic muscle 

weakness occurs in 5% (Fathi et al., 2007). Furthermore 11% of individuals suffer 

from opportunistic infections and 17% of PM/DM patients develop aspiration 

pneumonia due to pharyngeal muscle weakness during the course of disease 

(Marie et al., 2005). PM/DM related ILD is present in approximately 30% of the 

patients (Schnabel et al., 2003). NSIP is the most common histopathological ILD 

pattern in PM/DM, followed by UIP, organizing pneumonia, diffuse alveolar 

damage and lymphocytic interstitial pneumonia (LIP) (Connors et al., 2010). 
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 Sjögren Syndrome (SjS) 

Sjögren syndrome (SjS) is an autoimmune disease which manifests with 

inflammation of the exocrine glands due to lymphocytic infiltration. Especially the 

salivary and lacrimal glands are frequently affected with consequent symptoms of 

dry mouth (xerostomia) and dry eyes (keratoconjunctivitis sicca) (Goules et al., 

2014). 

The incidence of Sjögren syndrome is 6.92 per 100 000 and the prevalence 

is 60.82 cases per 100 000 population (Qin et al., 2015). Two of the following three 

diagnostic criteria are defining a Sjögren Syndrome: 

1. Focal lymphocytic sialadenitis with a focus score 1³ focus/4 mm2 in a 

salivary gland biopsy. 

2. Positive antibody levels of serum anti-SSA/Ro and/or anti-SSB/La or 

rheumatoid factor and elevated antinuclear antibody (ANA) titres > 1:320. 

3. Evidence of keratoconjunctivitis sicca with ocular staining score ³3 (under 

the exclusion of current use of eye drops for glaucoma and exclusion of 

ocular operations in the last 5 years) (Shiboski et al., 2012). 

Sjögren syndrome can be primary or secondary to another connective tissue 

disease, such as rheumatoid arthritis or SLE (Kreider and Highland, 2014). The 

most frequent interstitial lung involvement is NSIP. Further lung manifestations are 

UIP, LIP, bronchiolitis, bronchiectasis, amyloid changes and pulmonary lymphoma 

(Ito et al., 2005; Kreider and Highland, 2014). 

 Mixed connective tissue disease (MCTD) 

Mixed connective tissue disease (MCTD) is an overlap syndrome between at 

least two autoimmune diseases including SLE, SSc, PM/DM and rheumatoid 

arthritis. MCTD is associated with elevated levels of serum antibodies to U1 

ribonuclear protein component of the spliceosome (U1RNP), which is seen as the 

hallmark of the disease. Common clinical manifestations include Raynaud’s 
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syndrome, swollen hands, arthritis, sclerodactyly, polymyositis, interstitial lung 

fibrosis, pulmonary hypertension and nephritis (Aringer and Smolen, 2007). 

Presence of pulmonary hypertension and ILD is associated with increased 

morbidity and mortality. ILD is detected in 52% of patients. The most common 

interstitial lung change on HRCT is reticular pattern (35%) and severe lung fibrosis 

is seen in 19% of the individuals (Gunnarsson et al., 2012). 

 Undifferentiated connective tissue disease (UCTD) 

Undifferentiated connective tissue disease is a distinct entity, which does not 

fulfil all criteria of a defined CTD, however shows some signs and symptoms of 

CTD with serological changes. 

A broader definition of UCTD-ILD was initially set up by Kinder with wider 

inclusion criteria of symptoms and serological markers (Kinder et al., 2010). These 

criteria were narrowed down to more specific symptoms and serological parameter 

by Corte (Corte et al., 2012). 

Recently a new term, interstitial pneumonia with autoimmune features (IPAF), 

was proposed for patients with ILD without fulfilling definitive CTD criteria (Fischer 

et al., 2015). The new definition of this term includes the presence of an ILD without 

alternate aetiology, and the absence of a defined CTD, and at least one feature 

suggestive of autoimmunity from at least two of three main domains: the clinical, 

serological and morphological domain. The clinical domain includes extrathoracic 

features suggestive of CTD, the serological domain a panel of autoantibodies 

associated with CTDs, and the morphological domain radiological or 

histomorphological patterns such as organising pneumonia and/or NSIP or 

multicompartment involvement. Multicentre prospective trials are necessary to 

validate these criteria (Strek and Costabel, 2016). 
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1.3 Treatment Options for CTD-ILDs 

Immunosuppressive therapies constitute the main treatment options in CTD-

ILDs. The selection of agents, combination of medications, time to commencement 

of therapy and duration of treatment usually depend on clinical expertise rather 

than evidence base recommendations.  

The few existing randomised controlled trials were conducted only in SSc –

ILD. They showed the efficacy and tolerability of cyclophosphamide versus placebo 

and the non-inferiority of mycophenolate mofetil to cyclophosphamide in SSc-ILD. 

The need for further randomised controlled trials in CTD-ILDs is high. 

 

Corticosteroids 

A small retrospective study of corticosteroid monotherapy for SSc-ILD 

showed an improvement of forced vital capacity (FVC) (158 ml) in comparison to a 

non-treatment group (-61 ml), but there was no significant survival difference 

between both groups (Ando et al., 2013).  

In cases of organizing pneumonia, often seen in polymyositis, the treatment 

is usually started with higher doses of oral corticosteroids, often in the range of 0.5-

1 mg/kg body weight of prednisone. In very severe cases also pulse therapy (500-

1000 mg/day i.v.) is applied, despite the lack of prospective trials (Aggarwal and 

Oddis, 2012). Corticosteroids are usually combined with other immunosuppressive 

agents as steroid sparing agents (Fischer and Chartrand, 2015). 

 

Cyclophosphamide 

Cyclophosphamide is an alkylating agent with the highest level of evidence in 

the treatment of CTD-ILDs. There are two randomized placebo controlled trials with 

cyclophosphamide in the treatment of SSc-ILD.  
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Tashkin et al. showed an improvement of FVC (2.53%, p=0.03) after one-

year treatment with cyclophosphamide (2mg/kg body weight per day) in 

scleroderma patients in comparison to placebo. This improvement lasted for 18 

months, however declined after 24 months (Tashkin et al., 2007). Hence, there is 

a demand for maintenance treatment with sequential immunosuppressive therapy 

due to the dose-limiting toxicity of cyclophosphamide, mainly haemorrhagic cystitis, 

gonadal dysfunction, bladder cancer and hematologic malignancies (Ognenovski 

et al., 2004; Somers et al., 2005). Hoyles et al. showed a slight improvement of 

FVC (p=0.08) in SSc-ILD patients, who received low dose corticosteroid in 

combination with initial cyclophosphamide (600 mg/m2 body surface area) 

intravenously 6 times in monthly intervals, followed by substitution of 

cyclophosphamide with azathioprine (2.5 mg/kg/d maximal dosage 200 mg) in 

comparison to placebo for a total treatment duration of one year (Hoyles et al., 

2006) . Beside these randomised controlled studies several retrospective studies 

showed a similar tendency of improvement of lung functions (Poormoghim et al., 

2012). 

 

Mycophenolate Mofetil 

Mycophenolate mofetil is an inhibitor of monophosphate dehydrogenase, 

which acts through inhibition of purine synthesis and consequently reduced T cell 

proliferation. The efficacy and safety of MMF in the treatment of SSc have been 

shown in several retrospective studies (Tzouvelekis et al., 2012). Fischer et al. 

could demonstrate a stabilisation or an improvement of FVC in different CTD-ILD 

groups (44 SSc-ILD, 32 PM/DM-ILD, 18 RA-ILD) under MMF in a retrospective 

study (Fischer et al., 2013). Tashkin et al. compared MMF versus oral 

cyclophosphamide in a randomised controlled trial. MMF showed fewer toxicity and 

better tolerability, however a superiority of efficacy against cyclophosphamide was 

not shown. The course of % FVC did not vary significantly between the treatment 
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arms after 24 months of treatment (p=0.24) (Tashkin et al., 2016).  Meanwhile 

MMF is recommended by the Canadian Scleroderma Research Group as 

maintenance therapy for SSc-ILD (Walker and Pope, 2012). 

 

Azathioprine 

Azathioprine is a prodrug of mercaptopurine and broadly used as an 

immunosuppressant agent in different medical fields, especially in autoimmune 

diseases, transplantation medicine, inflammatory bowel diseases, and interstitial 

lung diseases (Maltzman and Koretzky, 2003).  

Azathioprine is a purine analog and inhibits the enzyme 

amidophosphoribosyltransferase also called glutamin 

phosphoribosylpyrophosphate amidotransferase which is required for DNA 

synthesis, via its activated metabolite methyl-thioinosine monophosphate. Due to 

the inhibition of the DNA synthesis, fast proliferating cells such as haematopoietic 

cells, especially T and B-lymphocytes, are depleted. Furthermore azathioprine 

causes T cell apoptosis by blocking the stimulation of CD28 via Rac1 (Poppe et 

al., 2006).  

Azathioprine is administered orally and its bioavailability varies between 5%–

37% (Zimm et al., 1983). Plasma half time is 26 to 80 minutes and of its metabolites 

3 to 5 hours (Hardman and Gilman, 2001). After digestion azathioprine is 

metabolised to 6-mercaptopurine. 6-mercaptopurine can be methylated to methyl-

mercaptopurine and S-adenosylhomocystine by thiopurine-S-methyltransferase 

(TPMT). Almost 15 to 20% of patients show an altered metabolism of azathioprine, 

favouring a metabolization of 6-mercaptopurine to methyl-mercaptopurine instead 

of thioguanine nucleotides, consequently causing increased thiopurine 

hypermethylation and increased hepatotoxicity, myelosuppression and non-

response to treatment (Dubinsky et al., 2002). Approximately 0,3% of the 

population has decreased to absent enzyme activity due to inheritance of 
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(TPMTL/TPMTL) gene mutation. Almost 11% of the population has a heterozygote 

mutation and 89% has a homozygote wild type with normal to increased activity 

(Osterman et al., 2006). 

There are two retrospective studies on azathioprine in CTD-ILDs, randomized 

controlled trials are still missing. Oldham et al. performed a retrospective study 

comparing azathioprine with MMF in CTD-ILD patients which showed yearly 

improvement of FVC by 1.5% and of DLCO by 4.9% over four years in the 

azathioprine group. 27% of the patients had to discontinue treatment in the 

azathioprine group, compared to only 5% of patients in the MMF group. 11% of the 

patients had a disease progression in the azathioprine group, and 9% in the MMF 

group (Oldham et al., 2016). A small retrospective case series with 11 patients 

supports the efficacy of azathioprine in combination with low dose corticosteroid in 

scleroderma-ILD. In this study, FVC improved in 5 patients and remained stable in 

3 patients after 18 months. 3 patients had to discontinue azathioprine because of 

side effects (1 nausea, 1 leukopenia, 1 tuberculosis) (Dheda et al., 2004). 

 

Rituximab 

Rituximab is a monoclonal chimeric antibody against the CD20 surface 

antigen on B-lymphocytes which causes depletion of B cells for 6 to 9 months from 

the peripheral blood. Rituximab is broadly applied in the treatment of rheumatoid 

arthritis, immune thrombocytopenic purpura and antineutrophil cytoplasmic 

antibody (ANCA) associated vasculitis. 

A retrospective study with 50 non-IPF patients (33 of the cases with CTD-ILD) 

with severe lung function impairment (mean FVC 44% pred and mean DLCO 24.5% 

pred) and a significant decline in pulmonary function (13.3% FVC and 18.8% DLCO) 

6-12 months before rituximab showed an 8.9% improvement of FVC and no 

change in DLCO 6-12 months after initiation of rituximab therapy. In this study 2 

patients developed pneumonia and 10 patients died due to progression of ILD (Keir 
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et al., 2014). In another retrospective study of 24 CTD-ILD patients under rituximab 

treatment, there was no change in pulmonary function (Chartrand et al., 2016). A 

further retrospective study of 24 CTD-ILD patients showed an improvement of FVC 

(+4.1%) and stabilisation of DLCO (+2.1%); the effect was most pronounced in the 

myositis group of patients. 13 of 22 patients showed improvement or stabilisation 

of radiology, whereas 9 of 22 patients showed worsening (Sharp et al., 2016). 

Randomized controlled trials and their data with long term effects of rituximab 

in CTD-ILD are not available. Hence an evidence based recommendation for 

rituximab in CTD-ILDs is not given. 

 

Other Immunomodulatory Treatments 

Calcineurin antagonists, tacrolimus and cyclosporine, inhibit the activation of 

T-cells with ensuing dampening of inflammation. These drugs are widely used in 

transplantation medicine, whereas in the treatment of CTD-ILDs randomized 

controlled trials are lacking. Several retrospective case studies showed their 

efficacy in PM/DM induced ILDs (Takada et al., 2005). 

Anti-tumor necrosis factor (TNF)-a antibodies, such as infliximab and 

etanercept, are widely and effectively used in the treatment of rheumatoid arthritis 

as well as inflammatory bowel disease, on the other hand these are often 

associated with drug induced ILDs. Despite some case reports showing the 

efficacy of TNF-a inhibitors in CTD-ILDs (Horai et al., 2012), their application in 

therapy of CTD-ILDs with pre-existing parenchymal changes is rather limited. 

Imatinib is a tyrosine kinase inhibitor, which inhibits selectively the activity of 

BCR-Abl. It is mainly applied in the treatment of chronic myeloid leukaemia. Due 

to its antifibrotic effects on lung fibroblast in vitro and in vivo studies, several studies 

were performed to test its tolerability and efficacy in CTD-ILDs. Spiera et al. 

demonstrated an improvement of FVC of 6.4% compared with initial FVC after 12 
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months treatment in a phase IIa, open label, single arm study with SSc patients 

under imatinib 400 mg daily (Spiera et al., 2011). In another phase IIa study under 

a higher dose of imatinib 600mg daily, a high rate of adverse events with a 60% 

withdrawal rate was reported in 20 patients with SSc-ILD (Khanna et al., 2011). A 

newer phase II study in 22 SSc-ILD patients demonstrated an improvement or 

stabilisation of lung function in 55% of patients under 200mg imatinib daily for 6 

months in cyclophosphamide refractory cases (Fraticelli et al., 2014). So far there 

is no evidence based recommendations for the usage of imatinib in CTD-ILDs. 

1.4 KL-6 as a biomarker to assess ILD severity 

Krebs von den Lungen-6 (KL-6) is a human MUC1 mucin protein released by 

alveolar epithelial cells. Regenerating Typ II alveolar epithelial cells are the main 

source of KL-6 in lungs affected by inflammation and fibrosis. Serum KL-6 values 

are elevated in more than 70% of ILD patients, including IIPs, hypersensitivity 

pneumonia, CTD-ILD, acute respiratory distress syndrome, sarcoidosis, pulmonary 

alveolar proteinosis and radiation pneumonitis (Ishikawa et al., 2012). In regard to 

CTD-ILDs the serum levels of KL-6 have been found to be elevated in 89% of 

patients with RA-ILD, but in only 0.6% of RA patients without interstitial pneumonia 

(Oyama et al., 1997). 

KL-6 has been shown to correlate with disease severity in various CTD-ILDs. 

In patients with PM/DM an inverse correlation of KL-6 values with FVC, TLC and 

DLCO was shown (Fathi et al., 2012). In patients with SSc the fibrosis score on 

HRCT correlated with increased KL-6 levels (Bonella et al., 2011). Taken together, 

KL-6 is a valuable biomarker to assess disease severity in ILD, especially in IPF 

and CTD-ILD, correlating with pulmonary function tests, DLCO and being an 

independent predictor of disease progression (Bonella and Costabel, 2014). 
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1.5 Aim of the Study 

This retrospective study aimed to investigate the efficacy and tolerability of 

azathioprine in CTD-ILD patients. There are no prospective randomised controlled 

trials with azathioprine for the treatment of CTD-ILDs. A further aim was to explore 

the role of KL-6 as predictor of response to treatment in these patients.  
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2 METHODS 

2.1 Study Cohort 

Based on a retrospective chart review, 56 patients admitted to the 

Ruhrlandklinik between 2003 and 2014 with the diagnosis of a CTD-ILD and 

treated with azathioprine were included in this analysis, 33 patients were excluded 

due to various reasons (Figure 2). 

The study was approved by the Ethic Committee of the University of 

Duisburg-Essen (approval number 15-6613-BO). Data of the patients were 

collected in pseudo-anonymised form. 

In 15 of the 56 patients azathioprine was discontinued due to side effects 

within the first 3 months, and these patients were excluded from the efficacy 

analysis. A diagram of the study cohort is shown in Figure 2. 

 

 

Figure 2 Flow chart of patients  
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2.2 Diagnostic Criteria 

The diagnosis and the classification of the ILDs were made mostly based on 

HRCT findings (Raghu et al., 2011; Travis et al., 2013). A histological examination 

was usually not performed. Only one patient underwent surgical biopsy and one 

patient transbronchial biopsy. 

A diagnosis of CTD was based on history, physical examination, and 

laboratory assessment of autoantibodies related to disease. Patients were usually 

referred to our institution from a rheumatologist for the evaluation of lung 

involvement of a CTD and treatment options. If a CTD was first suspected in our 

hospital, patients were referred to a rheumatologist for the confirmation of a CTD 

and for further follow up. 

2.3 Azathioprine Intake 

After a diagnosis of CTD-ILD the patients received immunosuppressive 

treatment. If another immunosuppressant than azathioprine had been commenced 

prior to referral to the Ruhrlandklinik, this therapy was not changed as long as the 

patient had a stable disease (18 patients). Only in 2 cases (1 patient with hepatitis 

C, 1 patient with allopurinol intake) azathioprine was not initiated due to possible 

side effects to avoid toxicity. Azathioprine was commenced in 56 patients in 

combination with prednisone as a corticosteroid-sparing agent to reduce side 

effects of corticosteroids. 

The initial corticosteroid dose was 0,5 mg/kg body weight per day, 

approximately 40 mg per day on average. The dose was reduced by 10 mg per 

month until a maintenance dosage of 10 mg was achieved. In the long term, after 

9 to 12 months, the patients received 5 to 10mg prednisone per day.  

The initial azathioprine dose was 50 mg per day, which was increased by 50 

mg per week up to the maintenance dose of 2.0 mg/kg bodyweight per day, with a 
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range between 100mg and 200mg per day. The serum levels of thiopurine-S- 

methyltransferase were not measured prior to azathioprine initiation because it was 

not routinely available in our laboratory. Regular laboratory assessments of liver 

enzymes and blood cell counts were recommended weekly for the first 4 weeks 

and then every 4 weeks for surveillance of drug toxicity.  

2.4 Pulmonary Function Tests 

Measurements included maximum inspiratory vital capacity (IVC), forced vital 

capacity (FVC) and diffusion capacity of the lung for carbon monoxide (DLCO), 

total lung capacity (TLC), partial pressure of oxygen in arterial blood (PaO2), partial 

pressure of carbon dioxide in arterial blood (PaCO2), alveolar-arterial oxygen 

gradient (AaDO2) and arterial oxygen saturation (SaO2). 

2.5 Laboratory measurements 

Serum KL-6 was measured by using NANOPIA® KL-6 assay (SEKISUI 

Diagnostics, UK), for the quantitative measurement (Latex agglutination 

turbidimetric method) on a chemistry analyser (ADVIA 1800 Chemestry System, 

Siemens Medical Solutions Diagnostics, Tarrytown, NY, USA). The upper limit of 

normal was 458 U/mL as determined in 142 Caucasian healthy subjects (Bonella 

et al., 2016). 

Serum lactate dehydrogenase (LDH) was measured routinely as activity 

marker of ILDs. The normal value for LDH in our laboratory is < 240 IU/L. 

2.6 Follow up 

The patients were seen in the ILD outpatient clinic every 3 months. Beside 

the medical history and physical examination, chest X –ray, pulmonary function 

test, and blood sampling were performed at each follow up visit. 
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2.7 Definition of ILD progression and improvement 

ILD progression was defined as decrease of FVC ≥5% pred and/or DLCO 

≥10% pred. Patients who had decline in FVC < 5% pred and/or DLCO <10% pred 

were considered stable. Improvement was defined as positive change in FVC and 

DLCO at follow up. 

2.8 Statistical analysis 

Continuous variables were evaluated for a normal distribution with the 

Kolmogorov-Smirnov test. Normal distributive parametric data were presented as 

mean ± standard error of the mean (SEM) or standard deviation (SD), when 

indicated; non-normal distributive data were presented as median and interquartile 

range). Categorical variables, such as sex, age group, frequency of ILD pattern or 

CTD, were presented as either a percentage of the total or numerically, as 

appropriate. Comparison between two groups was done with Student’s t-test or 

Wilcoxon’s rank test for continuous variables, Chi-squared or Fischer’s exact test 

for categorical variables. Multiple comparisons were performed by Kruskal-Wallis 

test and stepwise step-down multiple comparisons. Spearman’s or Pearson’s 

correlation coefficient was obtained for linear correlations. Receiver operating 

characteristic (ROC) analysis was used to test the role of serum KL-6 and LDH as 

predictors of disease progression. P values lower than 0.05 were considered 

statistically significant. All statistical analyses were performed using SPSS 17.0 

(SPSS Inc., Chicago, IL, USA).   
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3 RESULTS 

3.1 Patients’ distribution and clinical characteristics 

 Demographics and clinical characteristics 

56 patients with CTD-ILD received azathioprine between 2003 and 2014 at 

our institution. Demographic and clinical characteristics of the subjects are 

summarized in the Table 4. 

The mean follow up time was 35 (range: 3-109 months) and the mean 

treatment duration was 34 (range: 3-105 months). The median time to ILD onset 

after CTD diagnosis was 3.3 years (range: 0-31 years). In two patients ILD 

preceded the diagnosis of CTD for 3 and 7 years.  

The most frequent ILD pattern was non-specific interstitial pneumonia (NSIP) 

with 70% (n=39), followed by usual interstitial pneumonia (UIP) with 16% (n=9) and 

organizing pneumonia (OP) with 4% (n=2). In 6 patients (11%) lung fibrosis was 

unclassifiable. 

With regard to the smoking history, 8 % of patients were current smokers, 47% 

ex-smokers and 45% non-smokers. The patients had mild to moderate restriction 

(FVC of 66 ± 18% pred) and a moderate to severe impairment of DLCO (42 ± 19% 

pred). The degree of respiratory insufficiency was mild. 

At treatment start both KL-6 and LDH were moderately elevated (Table 4). 
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Table 4 Demographics and characteristics of the studied subjects at baseline 

 N=56 

Gender  
Female/Male 31/25 

Smoking History 38 
Current Smoker/Ex-Smoker/Non-Smoker 3/18/17 

Age 64 ± 14 
Female 63 ± 11 
Male 65 ± 17 

Pulmonary function   

FVC, % pred (n=41) 66 ± 18 
DLCO, % pred (n=38) 42 ± 19 

Blood gas analysis   
PaO2, mmHg (n=55) 74 ± 10 
(A-a)DO2, mmHg (n=49) 29 ± 10 

Serum biomarkers†  
LDH, U/L (n=56) 294 ± 71 (153-563)* 
KL-6, U/mL (n=53) 1655±821 (313-6228)* 

N= number of patients. 
Data are presented as mean ± SEM unless otherwise stated  
* Data are mean ± ± SEM (min-max) 
† Reference values for serum biomarkers are indicated in the methods. 

 Demographics and clinical characteristics according to CTD 

The most frequent CTD was RA (37.5%) followed by SSc (25%), PM/DM 

(18%), UCTD (7%), MCTD (5%), Sjögren syndrome (4%), and psoriatic arthritis 

(4%) (Table 5). 

There was a prevalence of female subjects in all CTD-groups. The SSc 

patients were the youngest with a mean age of 55 ± 4 years, while the RA group 

was the oldest with a mean age of 71 ± 2.5 years.  

The NSIP pattern was the most common ILD pattern in all CTD-Subgroups. 

With regard to the pulmonary function impairment across the CTD groups, some 

differences were seen, but without statistical significance. RA patients had the 
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mildest restriction (FVC 70 ±19% pred), while UCTD patients the most severe (FVC 

51 ±19% pred). The mildest impairment of DLCO was seen in RA patients (46 ± 

15% pred), while UCTD patients showed the lowest DLCO levels (24 ± 19% pred) 

(Table 5).  

The highest serum KL-6 levels were measured in UCTD patients with 3742 ± 

2067U/mL, while RA patients showed the lowest KL-6 levels (1560 ± 1028 U/mL) 

(p=0.001 vs UCTD patients). No significant differences were seen in serum LDH 

levels among CTD patients (Table 5). 

Table 5 Demographics and clinical characteristics according to CTD at baseline 

Characteristics of 
subgroups 

Rheumatoid 
Arthritis 
(N=21) 

Systemic 
sclerosis 

(N=14) 

PM/DM 
 

(N=10) 

UCTD 
 

(N=4) 

Others* 
 

(N=7) 

Gender (F/M), n 11/10 8/6 7/3 2/2 5/2 

Age, years  71 ± 2.5 55± 4** 63.5 ± 5 61.5 ± 7 67 ± 2 

ILD Pattern, n      

UIP 4 2 1 1 1 

NSIP 14 12 6 2 5 

OP 1 0 1 0 0 

Unclassifiable 2 0 2 1 1 
Pulmonary function 

FVC, % pred  70 ±19 
(n=16) 

67 ±14 
(n=10) 

64 ± 22 
(n=8) 

51 ±19 
(n=3) 

60 ±8 
(n=4) DLCO, % pred  46 ±15 

(n=14) 
44 ± 24 
(n=9) 

41 ±16 
(n=8) 

24 ±19 
(n=2) 

41 ± 16 
(n=4) Blood gas analysis 

PaO2, mmHg  74 ± 10 
(n=20) 

75 ± 7 
(n=13) 

69 ± 14 
(n=10) 

71 ± 7 
(n=4) 

76 ± 8 
(n=7) (A-a)DO2, mmHg  32 ± 9 

(n=20) 
26 ± 8 
(n=10) 

29 ± 12 
(n=9) 

33 ± 9 
(n=4) 

25 ± 5 
(n=7) Serum biomarkers† 

LDH, U/L 291 ± 62  
(n=21) 

275 ± 47  
(n=14) 

332 ± 112  
(n=11) 

333 ± 78  
(n=4) 

258 ± 42 
(n=6) KL-6, U/mL 1560 ± 1028***  

(n=21) 
2500 ± 1543  

(n=14) 
2692 ± 
1256  
(n=9) 

3742 ± 2067  
(n=4) 

 3077 ± 2232  
(n=5) 

Otherwise indicated, data are expressed as mean ± SD. 

* sjögren syndrome (n=2), mixed connective tissue disease (n=3), psoriatic arthritis (n=2) 

**p<0.05 vs RA 

***p=0.001 vs UCTD  

† Reference values are indicated in the methods. 
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3.2 Analysis of Treatment Response 

Patients who remained stable or improved, were considered as treatment 

responders, those who progressed as non-responders (for definition of progression, 

stable disease, improvement see methods).  

In all patients, the mean FVC was 66 ± 18 % pred at the initiation of treatment 

and 63 ± 18 % pred at the last follow up visit (p=0.2), and the mean DLCO was 42 

± 19 % pred at the initiation of treatment and 40 ± 17% pred at the last follow up 

visit (p=0.25). There were 14/41 (34%) patients with progression of ILD and 27/41 

(66%) who remained stable or improved. 

In patients, who remained stable or improved the mean FVC was 62 ± 17 % 

pred at the initiation of treatment and 65 ± 17 % pred at the last follow up visit 

(p=0.036), and the mean DLCO was 38 ± 16 % pred at the initiation of treatment 

and 39 ± 17% pred at the last follow up visit (p=0.06) (Figure 3). 

In those who had ILD progression the mean FVC was 72 ± 19 % pred at the 

initiation of treatment and 58 ± 18 % pred at the last follow up visit (p=0.004), and 

the mean DLCO was 55 ± 15 % pred at the initiation of treatment and 44 ± 15% 

pred at the last follow up visit (p<0.001) (Figure 3). 

Since treatment duration was different between the patients, FVC and DLCO 

changes were adjusted for azathioprine intake per time. In the patients who 

remained stable or improved, the percent change of FVC per month was +0.14 ± 

0.05 % and of DLCO was +0.09 ± 0.08 %. In those who had progression, the 

percent change of FVC per month was -0.76 ± 0.6 % and of DLCO was -0.82 ± 

1.16 % (Figure 4). 
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Figure 3 Pulmonary function tests under azathioprine treatment  

Pulmonary function tests (FVC and DLCO) at start of therapy and end of follow up 

in patients who remained stable or improved (responders) (a, c) and those who 

had disease progression (non-responders) (b, d). Dots represent single values. 

Bold black lines represent mean values. 

0

20

40

60

80

100

120

treatment
start

last follow up 
visit

FV
C 

%
 p

re
d.

 

a

0

20

40

60

80

100

120

treatment
start

last follow up 
visit

FV
C 

%
 p

re
d.

 

b

p=0.036
p=0.004

Responders (n=27) Non-Responders (n=14)

0

10

20

30

40

50

60

70

80

90

100

treatment
start

last follow up 
visit

D
LC

O
 %

 p
re

d.
 

c

0

10

20

30

40

50

60

70

80

90

100

treatment
start

last follow up 
visit

D
LC

O
 %

 p
re

d.
 

d

p=0.06 p<0.001

Responders (n=27) Non-Responders (n=14)



 

30 

 

Figure 4 Percent change of lung function per month of treatment. Data present 

mean ± SEM. = FVC,       = DLCO 

 

Of the 41 patients treated with azathioprine for longer than 3 months, FVC data 6 

months prior to treatment with azathioprine were available in 21 patients, and 

DLCO data in 16 patients.  

 Figure 5 shows the mean values of FVC and DLCO at 6 months prior to 

start of treatment, at start of treatment, and 6 months after treatment.  
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Figure 5 Changes in FVC in 21 patients and DLCO in 16 patients from 6 months 

prior to start of treatment until 6 months after. Each line represents a patient. For 

the comparison of the means, represented by bold black lines, paired t-test was 

used. 

During the 6 months prior to initiating azathioprine, the mean decline in FVC 

was -9 ± 2% pred (p<0.001) and the decline in DLCO -8.5 ± 2% pred (p=0.012). 6 

months after treatment start, the mean change in FVC was 1 ± 1.4% pred (p=0.468) 

and for DLCO was -2.6 ± 1.8% pred (p=0.142).  

3.3 Subgroup Analysis 

 Changes of pulmonary function over time according to HRCT 

pattern 

There were no significant differences in change of FVC or DLCO over time 

between patients with UIP and NSIP pattern. In subjects with UIP pattern on HRCT 

(n=7) the mean FVC was 68 ± 16% pred at initiation of treatment and 63 ± 16% 
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pred at the end of follow up. Mean DLCO was 51 ± 15% pred at the initiation of 

treatment and 41 ± 05% pred at the end of follow up. 

In subjects with NSIP pattern on HRCT (n=28) the mean FVC was 67 ± 43% 

pred at initiation of treatment and 63 ± 19% pred at the end of follow up. Mean 

DLCO was 43 ± 18 % pred at initiation of treatment and 41± 15% pred at the end 

of follow up.  

 Changes of pulmonary function over time according to CTD 

subtypes 

There were no significant differences in pulmonary function tests at baseline 

and at end of follow up across the CTD-subgroups. In patients with RA, there was 

a significant difference in the change of FVC adjusted for azathioprine intake per 

time under treatment in comparison to the other CTD subgroups (-0.5 ± 0.8 vs. 

+0.05 ± 0.6 % pred per month, p=0.016 respectively). The same was seen for 

DLCO (-0.6 ± 1 vs. +0.1 ± 0.9 pred per month, p=0.047). 

3.4 Outcome  

During the treatment 2 patients developed malignancy (one case developed 

lung cancer and one non-Hodgkin lymphoma). Three patients died during follow up 

(two from ILD progression, one from acute exacerbation of the ILD) (Table 6). 

 
Table 6 Outcome of the studied subjects  

Outcome N (%) 

Improvement or stability of ILD* 27/41 (66%) 

Progression of ILD* 14/41 (34%) 

Malignancy  2/56 (4%) 

Death 3/56 (5%) 

* Patients with follow up or with azathioprine intake < 3 months were excluded from this analysis 



 

33 

 

3.5 Safety, Tolerability and Side Effects 

All patients (n=56) were included in the safety and tolerability analysis 

independent of intake time. 27% of the patients (n=15) had to discontinue treatment 

within 3 months due to side effects. All discontinuations were definitive. 73% of the 

patients (n=41) received azathioprine for longer than 3 months and had a mean 

treatment duration of 34 months. 

Side effects are reported in the Table 7. Infection 11/56 (20%) was the most 

common side effect, however increased liver enzymes with 8/56 (14%) was the 

most common cause of discontinuation. Other side effects were gastrointestinal 

disturbance, anaemia, leukocytopenia, pancytopenia, skin rash. In one case 

azathioprine was discontinued due to a non-specified adverse event. 

 

Table 7 Tolerability and safety of azathioprine  

Tolerability  

Azathioprine discontinuation  29/56 (52%) 

Side effects 17/56 (30%) 

ILD-Progression 9/56 (16%) 

Malignancy 2/56 (4%) 

Skin progression 1/56 (2%) 

Total Side Effects 31/56 (55%) 

Infection 11/56 (20%) 

Liver enzyme increase 9/56 (16%) 

Nausea/stomach discomfort 5/56 (9%) 

Skin rash 1/56 (2%) 

Pancytopenia 1/56 (2%) 

Anaemia 2/56 (4%) 

Leukocytopenia 2/56 (4%) 
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Among the patients who received azathioprine for longer than 3 months (n=41) 

the progression of the lung fibrosis was the most common reason for 

discontinuation (22%) (n=9), followed by infection (n=1), skin progression of CTD 

(n=1), liver enzyme elevation (n=1), and malignancy (n=2). The majority of these 

cases (66%) (n=27) could maintain the treatment with stable lung function. 

3.6 Serum KL-6 and LDH as biomarkers 

Serum KL-6 levels were measured at start of treatment with azathioprine and 

at the last follow up visit in 31 patients. The mean KL-6 serum level at start of 

treatment was 1655±821 U/mL and 1589±744 at the last follow up visit (p=0.254), 

as shown in Figure 6A. Serum LDH was measured at start of treatment and at the 

last follow-up visit in 40 patients. The mean LDH serum level at start of treatment 

was 294±71 U/mL and 287±66 at the last follow up visit (p=0.503) Figure 6B. 

 

 

Figure 6 Serum KL-6 (A) and LDH (B) at start of treatment and last follow-up visit 

in the studied subjects. Dots represent single values, black lines are the mean.  
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No correlation was seen between serum KL-6 levels and gender, age or 

smoking history. Patients with UIP pattern at HRCT tended to have higher KL-6 

levels at start of treatment than NSIP patients (3272±1226 vs 2256±1630 U/L, 

p=0.086), although the two groups did not differ in terms of FVC and DLCO at 

baseline (see page 31 and 32). 

Moreover, patients with a UIP pattern showed a greater decrease in serum 

KL-6 levels over time in comparison to NSIP patients (-34±21% vs -0.5±7%, 

p=0.027). This was not associated with the percent change of FVC and DLCO over 

time, which did not differ between the groups (see page 31 and 32).  

 

 

Figure 7 Correlation between serum KL-6 levels and DLCO % pred at start of 

treatment (A) and correlation between changes in serum KL-6 % and changes in 

DLCO% over time (B) in patients under azathioprine treatment. 

In those patients who received azathioprine for longer than 3 months, a weak 

negative correlation was seen between initial serum KL-6 and FVC at end of follow 

up (r=-0.46, p=0.031). A negative correlation was seen between initial serum KL-6 

and DLCO at the start of the treatment (r= -0.603; p= 0.003) (Figure 7A) as well 
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as between changes in serum KL-6 % and changes in DLCO% over time (r= -0.733; 

p=0.001) (Figure 7B). 

Serum KL-6 levels showed a decline in stable or improved patients during 

treatment, but this was not significant (p= 0.210) (Figure 8A). In patients who 

progressed KL-6 levels increased, but this was not significant (p= 0.192) (Figure 

8B). 

 

 

 

Figure 8 Serum KL-6 levels at start of treatment and last follow up visit in patients 

who remained stable or improved (n=17) A) and in those who progressed (n=14) 

B). Dots represent single values, black lines are the mean. 
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Serum LDH levels did not change during treatment, neither in those patients 

who remained stable or improved (p=0.659) (Figure 9A) nor in those who 

progressed (p=0.596) (Figure 9B). 

8 

 

Figure 9 Serum LDH levels at start of treatment and last follow up visit in patients 

who remained stable or improved (n=27) (A) and in those who progressed (n=13) 

(B). Dots represent single values, black lines are the mean. 
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In order to correct for the inter-individual variability of serum KL-6 levels, the 

change over time was normalized and expressed as percent change from baseline. 

The responders to the azathioprine treatment showed a decrease of KL-6 by 17±20% 

over time, and non-responders an increase by 31±35% (p=0.002) (Figure 10). 

 

 
Figure 10 Percent change of serum KL-6 baseline under azathioprine treatment. 

Percent change of serum KL-6 from baseline in patients who remained stable or 

improved (N=17) and those who had disease progression (N=14). Black lines 

represent the median. The box represents the interquartile range (middle 50% of 

values). The whisker plots show bottom and top quartile (lowest and highest 25% 

of values respectively). 
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In order to determine the best cut-off for change of KL-6 over time associated 

with response to treatment, a ROC analysis was performed. At a cut-off level of 

>5% decrease from baseline, serum KL-6 levels showed a sensitivity of 89%, 

specificity of 79% and accuracy of 84% for association with response to treatment, 

defined as stability or improvement in FVC (AUC 0.913; p<0.001). For Serum LDH 

no significant cut off was identified (Figure 11). 

 

 

Figure 11 Receiver operating characteristic analysis showing change in serum KL-

6 and LDH from baseline associated with response to treatment in those patients 

who received azathioprine treatment for longer than 3 months at the cut off of >5%  

change. AUC: area under the curve.  

Decrease of KL-6 >5%  
Sensitivity 89% 
Specificity 79% 
AUC=0.913 
p<0.001 

KL-6 LDH 
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4 DISCUSSION 

This retrospective study shows that azathioprine for CTD-ILD stabilised or 

ameliorated lung function in the majority of patients. This finding was supported by 

the relationship between changes of serum levels of KL-6, a well-established 

biomarker for assessing ILD severity, and the treatment response. 

Azathioprine has been broadly applied as corticosteroid-sparing 

immunosuppressant in the treatment of idiopathic interstitial pneumonia, especially 

NSIP, chronic hypersensitivity pneumonitis, and sarcoidosis (Baughman and 

Lower, 2015; Morisset et al., 2017; Poletti et al., 2012; Vorselaars et al., 2013). For 

the treatment of CTD-ILD data on the efficacy of azathioprine are scarce, albeit it 

is often used in daily practice. The efficacy of azathioprine in combination with 

corticosteroids in CTD-ILD has not been studied in any prospective randomized 

controlled trial. 

A small case series suggests efficacy of azathioprine for CTD-ILD (Dheda et 

al., 2004). This was a retrospective study with azathioprine in combination of low 

dose corticosteroid in 11 scleroderma-ILD patients showing that FVC improved in 

5 patients and remained stable in 3 patients after 18 months. 3 patients had to 

discontinue azathioprine because of side effects (1 nausea, 1 leukopenia, 1 

tuberculosis).  

Oldham et al. compared azathioprine versus MMF in a retrospective study of 

fibrotic CTD-ILD patients during long-term follow up. 27% of patients discontinued 

azathioprine due to non-respiratory side effects, versus 5% of MMF treated 

patients. The most common side effect of azathioprine was increased liver 

enzymes (7%). Disease progression was seen in 11% of patients in the 

azathioprine group and in 9% of the MMF group. FVC increased yearly by 1.53% 

and DLCO by 4.91% over four years under azathioprine. In our study 8 of 56 

patients (14%) had to discontinue treatment due to elevated liver enzymes. 
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Although infection 11/56 (20%) was the most common side effect, only 3/56 (5%) 

patients had to discontinue azathioprine due to infections. Progression of ILD was 

seen in 14 of our 41 patients (34%) who were treated for longer than 3 months. 

In our cohort there was a mild to moderate restriction with a mean FVC of 66% 

pred. DLCO showed a mean of 42% pred at baseline. 73% of our patients received 

azathioprine for longer than 3 months with a mean intake time of 34 months. After 

adjustment for azathioprine intake per time, stable patients showed a significant 

improvement in FVC (+0.14 ± 0.05 %) compared to those who progressed (-0.76 

± 0.6 %), for DLCO a similar trend was seen (+0.09 ± 0.08 % versus -0.82 ± 1.16 %). 

In a retrospective study of MMF treatment in a cohort of 125 CTD-ILD patients, 

the average decline of FVC was -2% pred and of DLCO was -11% pred before 

treatment start. At weeks 52, 104 and 156 after the implementation of treatment an 

improvement in FVC of 5%, 6%, and 7% pred respectively was observed (p < 0.05 

for all time points) (Fischer et al., 2013). In our study 6 months prior to azathioprine 

intake, the mean decline in FVC had been -9 ± 2% pred (p<0.001) and the decline 

in DLCO -8.5 ± 2% pred (p=0.012). 6 months after treatment start, the mean 

change in FVC was 1 ± 1.4% pred (p=0.468) and for DLCO was -2.6 ± 1.8% pred 

(p=0.142).  

In our study the changes of FVC or DLCO over time were not different 

between patients with a UIP or a NSIP pattern on HRCT. Solomon et al. observed 

a shorter survival in RA-UIP patients than in RA-NSIP patients (p=0.02) (Solomon 

et al., 2016). In our study, patients with RA showed a significant difference in the 

change of FVC adjusted for azathioprine intake per time under treatment in 

comparison to the other CTD subgroups (-0.5 ± 0.8 vs. 0.05 ± 0.6 % pred per 

month), p=0.016 respectively, indicating that they might not respond as well to 

treatment as the other CTD subgroups. 

KL-6 is a reliable serum biomarker to assess disease activity of ILDs and is 

widely used in Japan in the clinical daily practice. Oyama et al. showed increased 
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levels of KL-6 in 90% of RA patients with ILD manifestation, compared to only 0.6% 

of patients without ILD manifestation. In their study elevated KL-6 was not 

associated with the activity of RA in other organs but strongly correlated with the 

manifestation of interstitial pneumonia (Oyama et al., 1997). Bonella et al. showed 

a correlation between increased KL-6 values and decreased FVC or DLCO and a 

correlation between KL-6 and HRCT-fibrosis score in SSc patients (Bonella et al., 

2011).  

In the present study KL-6 values were elevated in all CTD-ILD groups, the 

highest value was seen in the UCTD group. No correlation was detected between 

serum KL-6 levels and gender, age or smoking history. Regarding HRCT patterns, 

patients with the UIP pattern had higher KL-6 levels at start of treatment than NSIP 

patients, although the two groups did not differ in term of FVC and DLCO at 

baseline. Regarding pulmonary function, the serum KL-6 levels showed a 

nonsignificant decline in stable or improved patients and a nonsignificant increase 

in patients, who progressed under treatment. These results indicate a potential 

utility of serum KL-6 to assess disease activity under treatment but this needs to 

be validated in further studies. Fathi et al. demonstrated inverse changes of KL-6 

values with FVC or DLCO in their PM/DM cohort as well (Fathi et al., 2012). Taken 

together these data support the potential utility of KL-6 as a biomarker to measure 

treatment response in CTD-ILDs.  

The mean serum LDH levels were elevated in all CTD-ILD groups at the start 

of treatment and did not decline at the end of the treatment. Regarding pulmonary 

function, the serum LDH levels did not change during treatment, neither in those 

patients, who remained stable or improved, nor in those who progressed. Hence 

LDH does not seem to have the same potential as a biomarker as KL-6 to indicate 

disease activity or progression. 

This study has several limitations. First, the design was retrospective and 

there was no comparison group with another immunosuppressive treatment and 
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also no control group without treatment. Hence we can not quantify the magnitude 

of treatment efficacy in comparison to other immunosuppressive drugs or placebo. 

Second, the CTD cohort was heterogeneous in terms of diagnosis, disease stage 

and severity. Third, we did not perform the thiopurine S-methyltransferase enzyme 

activity test with the bias that we have a higher incidence of side effects in 

comparison to other published cohorts. 

In conclusion, in the present study we could show that azathioprine has the 

potential to stabilise CTD-ILD for long-term in those patients who can tolerate the 

drug during the first 3 months. We could also show that KL-6 may have promise as 

a biomarker to assess response to treatment in CTD-ILD. Further randomised 

clinical trials are necessary to define the role of azathioprine in the treatment of 

CTD-ILD.  
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5 SUMMARY 

Immunosuppressive agents and corticosteroids are the standard treatments 

for patients with connective tissue disease associated ILD (CTD-ILD). This 

retrospective study aimed to provide data on tolerability and efficacy of 

azathioprine in CTD-ILDs.  

56 CTD-ILD patients treated with azathioprine between 2003 and 2014 were 

included in the study. Azathioprine was added to oral corticosteroids as a 

corticosteroid sparing agent. Patients were assessed every 3 months in the 

outpatient clinic. 

15 patients (27%) discontinued treatment due to side effects, mostly due to 

elevated liver enzymes, within the first 3 months. The mean treatment duration was 

34 months with a range of 3 to 105 months. 41 patients were treated for longer 

than 3 months, and 27 of those (66%) had stable or improved pulmonary function 

during treatment. In patients who remained stable or improved, the mean FVC was 

62 ± 17 % pred at the initiation of treatment and 65 ± 17 % pred at the last follow 

up visit (p=0.036), and the mean DLCO was 38 ± 16 % pred at initiation of treatment 

and 39 ± 17% pred at the last follow up visit (p=0.06). The mean serum level of 

Krebs von den Lungen-6 (KL-6) was elevated in all patients, it was 1655±821 U/mL 

at start of treatment and 1589±744 U/mL at the last follow up visit. Serum KL-6 

levels showed a decline in stable or improved patients during treatment, but this 

was not significant (p= 0.210).  

In conclusion, our findings confirm the role of azathioprine in treatment of 

CTD-ILD. While early drug intolerance is frequent, most patients who tolerated the 

drug well achieved long-term stabilisation or improvement of lung function. 

Randomised controlled trials are still needed to validate these results. KL-6 seems 

to be a promising biomarker for monitoring CTD-ILDs under treatment.  

  



 

45 

 

6 REFERENCES 

 
1. Aggarwal, R., and Oddis, C. V. (2012). Therapeutic advances in myositis. 

Curr Opin Rheumatol 24, 635-641. 
 
2. Ando, K., Motojima, S., Doi, T., Nagaoka, T., Kaneko, N., Aoshima, M., and 

Takahashi, K. (2013). Effect of glucocorticoid monotherapy on pulmonary function 
and survival in Japanese patients with scleroderma-related interstitial lung disease. 
Respir Investig 51, 69-75. 

 
3. Aringer, M., and Smolen, J. S. (2007). Mixed connective tissue disease: 

what is behind the curtain? Best Pract Res Clin Rheumatol 21, 1037-1049. 
 
4. Baughman, R. P., and Lower, E. E. (2015). Treatment of Sarcoidosis. Clin 

Rev Allergy Immunol 49, 79-92. 
 
5. Bonella, F., and Costabel, U. (2014). Biomarkers in connective tissue 

disease-associated interstitial lung disease. Semin Respir Crit Care Med 35, 181-
200. 

 
6. Bonella, F., Long, X., Ohshimo, S., Horimasu, Y., Griese, M., Guzman, J., 

Kohno, N., and Costabel, U. (2016). MUC1 gene polymorphisms are associated 
with serum KL-6 levels and pulmonary dysfunction in pulmonary alveolar 
proteinosis. Orphanet J Rare Dis 11, 48. 

 
7. Bonella, F., Volpe, A., Caramaschi, P., Nava, C., Ferrari, P., Schenk, K., 

Ohshimo, S., Costabel, U., and Ferrari, M. (2011). Surfactant protein D and KL-6 
serum levels in systemic sclerosis: correlation with lung and systemic involvement. 
Sarcoidosis Vasc Diffuse Lung Dis 28, 27-33. 

 
8. Bouros, D., Wells, A. U., Nicholson, A. G., Colby, T. V., Polychronopoulos, 

V., Pantelidis, P., Haslam, P. L., Vassilakis, D. A., Black, C. M., and du Bois, R. M. 
(2002). Histopathologic subsets of fibrosing alveolitis in patients with systemic 
sclerosis and their relationship to outcome. Am J Respir Crit Care Med 165, 1581-
1586. 

 
9. Brown, K. K. (2007). Rheumatoid lung disease. Proc Am Thorac Soc 4, 

443-448. 
 



 

46 

 

10. Castelino, F. V., and Varga, J. (2014). Emerging cellular and molecular 
targets in fibrosis: implications for scleroderma pathogenesis and targeted therapy. 
Curr Opin Rheumatol 26, 607-614. 

 
11. Chartrand, S., Swigris, J. J., Peykova, L., and Fischer, A. (2016). 

Rituximab for the treatment of connective tissue disease-associated interstitial lung 
disease. Sarcoidosis Vasc Diffuse Lung Dis 32, 296-304. 

 
12. Chifflot, H., Fautrel, B., Sordet, C., Chatelus, E., and Sibilia, J. (2008). 

Incidence and prevalence of systemic sclerosis: a systematic literature review. 
Semin Arthritis Rheum 37, 223-235. 

 
13. Connors, G. R., Christopher-Stine, L., Oddis, C. V., and Danoff, S. K. 

(2010). Interstitial lung disease associated with the idiopathic inflammatory 
myopathies: what progress has been made in the past 35 years? Chest 138, 1464-
1474. 

 
14. Corte, T. J., Copley, S. J., Desai, S. R., Zappala, C. J., Hansell, D. M., 

Nicholson, A. G., Colby, T. V., Renzoni, E., Maher, T. M., and Wells, A. U. (2012). 
Significance of connective tissue disease features in idiopathic interstitial 
pneumonia. Eur Respir J 39, 661-668. 

 
15. Dalakas, M. C., and Hohlfeld, R. (2003). Polymyositis and 

dermatomyositis. Lancet 362, 971-982. 
 
16. Dheda, K., Lalloo, U. G., Cassim, B., and Mody, G. M. (2004). Experience 

with azathioprine in systemic sclerosis associated with interstitial lung disease. Clin 
Rheumatol 23, 306-309. 

 
17. Dubinsky, M. C., Yang, H., Hassard, P. V., Seidman, E. G., Kam, L. Y., 

Abreu, M. T., Targan, S. R., and Vasiliauskas, E. A. (2002). 6-MP metabolite 
profiles provide a biochemical explanation for 6-MP resistance in patients with 
inflammatory bowel disease. Gastroenterology 122, 904-915. 

 
18. Fathi, M., Barbasso Helmers, S., and Lundberg, I. E. (2012). KL-6: a 

serological biomarker for interstitial lung disease in patients with polymyositis and 
dermatomyositis. J Intern Med 271, 589-597. 

 
19. Fathi, M., Lundberg, I. E., and Tornling, G. (2007). Pulmonary 

complications of polymyositis and dermatomyositis. Semin Respir Crit Care Med 
28, 451-458. 

 



 

47 

 

20. Fischer, A., Antoniou, K. M., Brown, K. K., Cadranel, J., Corte, T. J., du 
Bois, R. M., Lee, J. S., Leslie, K. O., Lynch, D. A., Matteson, E. L., Mosca, M., Noth, 
I., Richeldi, L., Strek, M. E., Swigris, J. J., Wells, A. U., West, S. G., Collard, H. R., 
and Cottin, V. (2015). An official European Respiratory Society/American Thoracic 
Society research statement: interstitial pneumonia with autoimmune features. Eur 
Respir J 46, 976-987. 

 
21. Fischer, A., Brown, K. K., Du Bois, R. M., Frankel, S. K., Cosgrove, G. P., 

Fernandez-Perez, E. R., Huie, T. J., Krishnamoorthy, M., Meehan, R. T., Olson, A. 
L., Solomon, J. J., and Swigris, J. J. (2013). Mycophenolate mofetil improves lung 
function in connective tissue disease-associated interstitial lung disease. J 
Rheumatol 40, 640-646. 

 
22. Fischer, A., and Chartrand, S. (2015). Assessment and management of 

connective tissue disease-associated interstitial lung disease. Sarcoidosis Vasc 
Diffuse Lung Dis 32, 2-21. 

 
23. Fischer, A., and du Bois, R. (2012). Interstitial lung disease in connective 

tissue disorders. Lancet 380, 689-698. 
 
24. Fischer, A., and Richeldi, L. (2014). Cross-disciplinary collaboration in 

connective tissue disease-related lung disease. Semin Respir Crit Care Med 35, 
159-165. 

 
25. Fischer, A., Swigris, J. J., du Bois, R. M., Lynch, D. A., Downey, G. P., 

Cosgrove, G. P., Frankel, S. K., Fernandez-Perez, E. R., Gillis, J. Z., and Brown, 
K. K. (2009). Anti-synthetase syndrome in ANA and anti-Jo-1 negative patients 
presenting with idiopathic interstitial pneumonia. Respir Med 103, 1719-1724. 

 
26. Fraticelli, P., Gabrielli, B., Pomponio, G., Valentini, G., Bosello, S., Riboldi, 

P., Gerosa, M., Faggioli, P., Giacomelli, R., Del Papa, N., Gerli, R., Lunardi, C., 
Bombardieri, S., Malorni, W., Corvetta, A., Moroncini, G., and Gabrielli, A. (2014). 
Low-dose oral imatinib in the treatment of systemic sclerosis interstitial lung 
disease unresponsive to cyclophosphamide: a phase II pilot study. Arthritis Res 
Ther 16, R144. 

 
27. Gabriel, S. E., Crowson, C. S., Kremers, H. M., Doran, M. F., Turesson, 

C., O'Fallon, W. M., and Matteson, E. L. (2003). Survival in rheumatoid arthritis: a 
population-based analysis of trends over 40 years. Arthritis Rheum 48, 54-58. 

 
28. Goules, A. V., Tzioufas, A. G., and Moutsopoulos, H. M. (2014). 

Classification criteria of Sjogren's syndrome. J Autoimmun 48-49, 42-45. 



 

48 

 

 
29. Gunnarsson, R., Aalokken, T. M., Molberg, O., Lund, M. B., Mynarek, G. 

K., Lexberg, A. S., Time, K., Dhainaut, A. S., Bertelsen, L. T., Palm, O., Irgens, K., 
Becker-Merok, A., Nordeide, J. L., Johnsen, V., Pedersen, S., Proven, A., Garabet, 
L. S., and Gran, J. T. (2012). Prevalence and severity of interstitial lung disease in 
mixed connective tissue disease: a nationwide, cross-sectional study. Ann Rheum 
Dis 71, 1966-1972. 

 
30. Hardman, and Gilman. (2001). Immunomodulators, Immunosuppressive 

Agents and Immunostimulants: Chapter 52. In: G. A. G. Hardman J.G. (Ed.): 
Goodman and Gilman's the pharmacological basis of therapeutics. S. l773- l783. 
753. New York: McGraw-Hill 

 
31. Horai, Y., Miyamura, T., Shimada, K., Takahama, S., Minami, R., 

Yamamoto, M., and Suematsu, E. (2012). Eternacept for the treatment of patients 
with rheumatoid arthritis and concurrent interstitial lung disease. J Clin Pharm Ther 
37, 117-121. 

 
32. Hoyles, R. K., Ellis, R. W., Wellsbury, J., Lees, B., Newlands, P., Goh, N. 

S., Roberts, C., Desai, S., Herrick, A. L., McHugh, N. J., Foley, N. M., Pearson, S. 
B., Emery, P., Veale, D. J., Denton, C. P., Wells, A. U., Black, C. M., and du Bois, 
R. M. (2006). A multicenter, prospective, randomized, double-blind, placebo-
controlled trial of corticosteroids and intravenous cyclophosphamide followed by 
oral azathioprine for the treatment of pulmonary fibrosis in scleroderma. Arthritis 
Rheum 54, 3962-3970. 

 
33. Ishikawa, N., Hattori, N., Yokoyama, A., and Kohno, N. (2012). Utility of 

KL-6/MUC1 in the clinical management of interstitial lung diseases. Respir Investig 
50, 3-13. 

 
34. Ito, I., Nagai, S., Kitaichi, M., Nicholson, A. G., Johkoh, T., Noma, S., Kim, 

D. S., Handa, T., Izumi, T., and Mishima, M. (2005). Pulmonary manifestations of 
primary Sjogren's syndrome: a clinical, radiologic, and pathologic study. Am J 
Respir Crit Care Med 171, 632-638. 

 
35. Keir, G. J., Maher, T. M., Ming, D., Abdullah, R., de Lauretis, A., 

Wickremasinghe, M., Nicholson, A. G., Hansell, D. M., Wells, A. U., and Renzoni, 
E. A. (2014). Rituximab in severe, treatment-refractory interstitial lung disease. 
Respirology 19, 353-359. 

 
36. Khanna, D., Saggar, R., Mayes, M. D., Abtin, F., Clements, P. J., 

Maranian, P., Assassi, S., Saggar, R., Singh, R. R., and Furst, D. E. (2011). A one-



 

49 

 

year, phase I/IIa, open-label pilot trial of imatinib mesylate in the treatment of 
systemic sclerosis-associated active interstitial lung disease. Arthritis Rheum 63, 
3540-3546. 

 
37. Kinder, B. W., Shariat, C., Collard, H. R., Koth, L. L., Wolters, P. J., Golden, 

J. A., Panos, R. J., and King, T. E., Jr. (2010). Undifferentiated connective tissue 
disease-associated interstitial lung disease: changes in lung function. Lung 188, 
143-149. 

 
38. Kreider, M., and Highland, K. (2014). Pulmonary involvement in Sjogren 

syndrome. Semin Respir Crit Care Med 35, 255-264. 
 
39. Maltzman, J. S., and Koretzky, G. A. (2003). Azathioprine: old drug, new 

actions. J Clin Invest 111, 1122-1124. 
 
40. Marie, I., Hachulla, E., Cherin, P., Hellot, M. F., Herson, S., Levesque, H., 

and Hatron, P. Y. (2005). Opportunistic infections in polymyositis and 
dermatomyositis. Arthritis Rheum 53, 155-165. 

 
41. Morisset, J., Johannson, K. A., Vittinghoff, E., Aravena, C., Elicker, B. M., 

Jones, K. D., Fell, C. D., Manganas, H., Dube, B. P., Wolters, P. J., Collard, H. R., 
Ryerson, C. J., and Ley, B. (2017). Use of Mycophenolate Mofetil or Azathioprine 
for the Management of Chronic Hypersensitivity Pneumonitis. Chest 151, 619-625. 

 
42. Nicholson, A. G., Colby, T. V., du Bois, R. M., Hansell, D. M., and Wells, 

A. U. (2000). The prognostic significance of the histologic pattern of interstitial 
pneumonia in patients presenting with the clinical entity of cryptogenic fibrosing 
alveolitis. Am J Respir Crit Care Med 162, 2213-2217. 

 
43. Ognenovski, V. M., Marder, W., Somers, E. C., Johnston, C. M., Farrehi, 

J. G., Selvaggi, S. M., and McCune, W. J. (2004). Increased incidence of cervical 
intraepithelial neoplasia in women with systemic lupus erythematosus treated with 
intravenous cyclophosphamide. J Rheumatol 31, 1763-1767. 

 
44. Oldham, J. M., Lee, C., Valenzi, E., Witt, L. J., Adegunsoye, A., Hsu, S., 

Chen, L., Montner, S., Chung, J. H., Noth, I., Vij, R., and Strek, M. E. (2016). 
Azathioprine response in patients with fibrotic connective tissue disease-
associated interstitial lung disease. Respir Med 121, 117-122. 

 
45. Olson, A. L., Brown, K. K., and Fischer, A. (2012). Connective tissue 

disease-associated lung disease. Immunol Allergy Clin North Am 32, 513-536. 
 



 

50 

 

46. Olson, A. L., Swigris, J. J., Sprunger, D. B., Fischer, A., Fernandez-Perez, 
E. R., Solomon, J., Murphy, J., Cohen, M., Raghu, G., and Brown, K. K. (2011). 
Rheumatoid arthritis-interstitial lung disease-associated mortality. Am J Respir Crit 
Care Med 183, 372-378. 

 
47. Osterman, M. T., Kundu, R., Lichtenstein, G. R., and Lewis, J. D. (2006). 

Association of 6-thioguanine nucleotide levels and inflammatory bowel disease 
activity: a meta-analysis. Gastroenterology 130, 1047-1053. 

 
48. Oyama, T., Kohno, N., Yokoyama, A., Hirasawa, Y., Hiwada, K., Oyama, 

H., Okuda, Y., and Takasugi, K. (1997). Detection of interstitial pneumonitis in 
patients with rheumatoid arthritis by measuring circulating levels of KL-6, a human 
MUC1 mucin. Lung 175, 379-385. 

 
49. Park, J. H., Kim, D. S., Park, I. N., Jang, S. J., Kitaichi, M., Nicholson, A. 

G., and Colby, T. V. (2007). Prognosis of fibrotic interstitial pneumonia: idiopathic 
versus collagen vascular disease-related subtypes. Am J Respir Crit Care Med 175, 
705-711. 

 
50. Poletti, V., Romagnoli, M., Piciucchi, S., and Chilosi, M. (2012). Current 

status of idiopathic nonspecific interstitial pneumonia. Semin Respir Crit Care Med 
33, 440-449. 

 
51. Poormoghim, H., Moradi Lakeh, M., Mohammadipour, M., Sodagari, F., 

and Toofaninjed, N. (2012). Cyclophosphamide for scleroderma lung disease: a 
systematic review and meta-analysis. Rheumatol Int 32, 2431-2444. 

 
52. Poppe, D., Tiede, I., Fritz, G., Becker, C., Bartsch, B., Wirtz, S., Strand, 

D., Tanaka, S., Galle, P. R., Bustelo, X. R., and Neurath, M. F. (2006). Azathioprine 
suppresses ezrin-radixin-moesin-dependent T cell-APC conjugation through 
inhibition of Vav guanosine exchange activity on Rac proteins. J Immunol 176, 640-
651. 

 
53. Qin, B., Wang, J., Yang, Z., Yang, M., Ma, N., Huang, F., and Zhong, R. 

(2015). Epidemiology of primary Sjogren's syndrome: a systematic review and 
meta-analysis. Ann Rheum Dis 74, 1983-1989. 

 
54. Raghu, G., Collard, H. R., Egan, J. J., Martinez, F. J., Behr, J., Brown, K. 

K., Colby, T. V., Cordier, J. F., Flaherty, K. R., Lasky, J. A., Lynch, D. A., Ryu, J. 
H., Swigris, J. J., Wells, A. U., Ancochea, J., Bouros, D., Carvalho, C., Costabel, 
U., Ebina, M., Hansell, D. M., Johkoh, T., Kim, D. S., King, T. E., Jr., Kondoh, Y., 
Myers, J., Muller, N. L., Nicholson, A. G., Richeldi, L., Selman, M., Dudden, R. F., 



 

51 

 

Griss, B. S., Protzko, S. L., and Schunemann, H. J. (2011). An official 
ATS/ERS/JRS/ALAT statement: idiopathic pulmonary fibrosis: evidence-based 
guidelines for diagnosis and management. Am J Respir Crit Care Med 183, 788-
824. 

 
55. Schnabel, A., Reuter, M., Biederer, J., Richter, C., and Gross, W. L. 

(2003). Interstitial lung disease in polymyositis and dermatomyositis: clinical course 
and response to treatment. Semin Arthritis Rheum 32, 273-284. 

 
56. Sharp, C., McCabe, M., Dodds, N., Edey, A., Mayers, L., Adamali, H., 

Millar, A. B., and Gunawardena, H. (2016). Rituximab in autoimmune connective 
tissue disease-associated interstitial lung disease. Rheumatology (Oxford) 55, 
1318-1324. 

 
57. Shiboski, S. C., Shiboski, C. H., Criswell, L., Baer, A., Challacombe, S., 

Lanfranchi, H., Schiodt, M., Umehara, H., Vivino, F., Zhao, Y., Dong, Y., 
Greenspan, D., Heidenreich, A. M., Helin, P., Kirkham, B., Kitagawa, K., Larkin, G., 
Li, M., Lietman, T., Lindegaard, J., McNamara, N., Sack, K., Shirlaw, P., Sugai, S., 
Vollenweider, C., Whitcher, J., Wu, A., Zhang, S., Zhang, W., Greenspan, J., and 
Daniels, T. (2012). 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. Arthritis Care Res (Hoboken) 
64, 475-487. 

 
58. Sihvonen, S., Korpela, M., Laippala, P., Mustonen, J., and Pasternack, A. 

(2004). Death rates and causes of death in patients with rheumatoid arthritis: a 
population-based study. Scand J Rheumatol 33, 221-227. 

 
59. Solomon, J. J., Chung, J. H., Cosgrove, G. P., Demoruelle, M. K., 

Fernandez-Perez, E. R., Fischer, A., Frankel, S. K., Hobbs, S. B., Huie, T. J., 
Ketzer, J., Mannina, A., Olson, A. L., Russell, G., Tsuchiya, Y., Yunt, Z. X., 
Zelarney, P. T., Brown, K. K., and Swigris, J. J. (2016). Predictors of mortality in 
rheumatoid arthritis-associated interstitial lung disease. Eur Respir J 47, 588-596. 

 
60. Somers, E. C., Marder, W., Christman, G. M., Ognenovski, V., and 

McCune, W. J. (2005). Use of a gonadotropin-releasing hormone analog for 
protection against premature ovarian failure during cyclophosphamide therapy in 
women with severe lupus. Arthritis Rheum 52, 2761-2767. 

 
61. Spiera, R. F., Gordon, J. K., Mersten, J. N., Magro, C. M., Mehta, M., 

Wildman, H. F., Kloiber, S., Kirou, K. A., Lyman, S., and Crow, M. K. (2011). 
Imatinib mesylate (Gleevec) in the treatment of diffuse cutaneous systemic 



 

52 

 

sclerosis: results of a 1-year, phase IIa, single-arm, open-label clinical trial. Ann 
Rheum Dis 70, 1003-1009. 

 
62. Steen, V. D., and Medsger, T. A. (2007). Changes in causes of death in 

systemic sclerosis, 1972-2002. Ann Rheum Dis 66, 940-944. 
 
63. Strek, M. E., and Costabel, U. (2016). Interstitial pneumonia with 

autoimmune features: a critical appraisal of the new definition. Curr Opin Pulm Med 
22, 442-449. 

 
64. Takada, K., Nagasaka, K., and Miyasaka, N. (2005). 

Polymyositis/dermatomyositis and interstitial lung disease: a new therapeutic 
approach with T-cell-specific immunosuppressants. Autoimmunity 38, 383-392. 

 
65. Tashkin, D. P., Elashoff, R., Clements, P. J., Roth, M. D., Furst, D. E., 

Silver, R. M., Goldin, J., Arriola, E., Strange, C., Bolster, M. B., Seibold, J. R., Riley, 
D. J., Hsu, V. M., Varga, J., Schraufnagel, D., Theodore, A., Simms, R., Wise, R., 
Wigley, F., White, B., Steen, V., Read, C., Mayes, M., Parsley, E., Mubarak, K., 
Connolly, M. K., Golden, J., Olman, M., Fessler, B., Rothfield, N., Metersky, M., 
Khanna, D., Li, N., and Li, G. (2007). Effects of 1-year treatment with 
cyclophosphamide on outcomes at 2 years in scleroderma lung disease. Am J 
Respir Crit Care Med 176, 1026-1034. 

 
66. Tashkin, D. P., Roth, M. D., Clements, P. J., Furst, D. E., Khanna, D., 

Kleerup, E. C., Goldin, J., Arriola, E., Volkmann, E. R., Kafaja, S., Silver, R., Steen, 
V., Strange, C., Wise, R., Wigley, F., Mayes, M., Riley, D. J., Hussain, S., Assassi, 
S., Hsu, V. M., Patel, B., Phillips, K., Martinez, F., Golden, J., Connolly, M. K., 
Varga, J., Dematte, J., Hinchcliff, M. E., Fischer, A., Swigris, J., Meehan, R., 
Theodore, A., Simms, R., Volkov, S., Schraufnagel, D. E., Scholand, M. B., Frech, 
T., Molitor, J. A., Highland, K., Read, C. A., Fritzler, M. J., Kim, G. H., Tseng, C. H., 
and Elashoff, R. M. (2016). Mycophenolate mofetil versus oral cyclophosphamide 
in scleroderma-related interstitial lung disease (SLS II): a randomised controlled, 
double-blind, parallel group trial. Lancet Respir Med 4, 708-719. 

 
67. Travis, W. D., Costabel, U., Hansell, D. M., King, T. E., Jr., Lynch, D. A., 

Nicholson, A. G., Ryerson, C. J., Ryu, J. H., Selman, M., Wells, A. U., Behr, J., 
Bouros, D., Brown, K. K., Colby, T. V., Collard, H. R., Cordeiro, C. R., Cottin, V., 
Crestani, B., Drent, M., Dudden, R. F., Egan, J., Flaherty, K., Hogaboam, C., Inoue, 
Y., Johkoh, T., Kim, D. S., Kitaichi, M., Loyd, J., Martinez, F. J., Myers, J., Protzko, 
S., Raghu, G., Richeldi, L., Sverzellati, N., Swigris, J., and Valeyre, D. (2013). An 
official American Thoracic Society/European Respiratory Society statement: 



 

53 

 

Update of the international multidisciplinary classification of the idiopathic 
interstitial pneumonias. Am J Respir Crit Care Med 188, 733-748. 

 
68. Turesson, C., O'Fallon, W. M., Crowson, C. S., Gabriel, S. E., and 

Matteson, E. L. (2003). Extra-articular disease manifestations in rheumatoid 
arthritis: incidence trends and risk factors over 46 years. Ann Rheum Dis 62, 722-
727. 

 
69. Tzelepis, G. E., Toya, S. P., and Moutsopoulos, H. M. (2008). Occult 

connective tissue diseases mimicking idiopathic interstitial pneumonias. Eur Respir 
J 31, 11-20. 

 
70. Tzouvelekis, A., Galanopoulos, N., Bouros, E., Kolios, G., Zacharis, G., 

Ntolios, P., Koulelidis, A., Oikonomou, A., and Bouros, D. (2012). Effect and safety 
of mycophenolate mofetil or sodium in systemic sclerosis-associated interstitial 
lung disease: a meta-analysis. Pulm Med 2012, 143637. 

 
71. van den Hoogen, F., Khanna, D., Fransen, J., Johnson, S. R., Baron, M., 

Tyndall, A., Matucci-Cerinic, M., Naden, R. P., Medsger, T. A., Jr., Carreira, P. E., 
Riemekasten, G., Clements, P. J., Denton, C. P., Distler, O., Allanore, Y., Furst, D. 
E., Gabrielli, A., Mayes, M. D., van Laar, J. M., Seibold, J. R., Czirjak, L., Steen, V. 
D., Inanc, M., Kowal-Bielecka, O., Muller-Ladner, U., Valentini, G., Veale, D. J., 
Vonk, M. C., Walker, U. A., Chung, L., Collier, D. H., Csuka, M. E., Fessler, B. J., 
Guiducci, S., Herrick, A., Hsu, V. M., Jimenez, S., Kahaleh, B., Merkel, P. A., 
Sierakowski, S., Silver, R. M., Simms, R. W., Varga, J., and Pope, J. E. (2013). 
2013 classification criteria for systemic sclerosis: an American College of 
Rheumatology/European League against Rheumatism collaborative initiative. 
Arthritis Rheum 65, 2737-2747. 

 
72. Varga, J., and Abraham, D. (2007). Systemic sclerosis: a prototypic 

multisystem fibrotic disorder. J Clin Invest 117, 557-567. 
 
73. Vorselaars, A. D. M., Wuyts, W. A., Vorselaars, V. M. M., Zanen, P., 

Deneer, V. H. M., Veltkamp, M., Thomeer, M., van Moorsel, C. H. M., and Grutters, 
J. C. (2013). Methotrexate vs azathioprine in second-line therapy of sarcoidosis. 
Chest 144, 805-812. 

 
74. Walker, K. M., and Pope, J. (2012). Treatment of systemic sclerosis 

complications: what to use when first-line treatment fails--a consensus of systemic 
sclerosis experts. Semin Arthritis Rheum 42, 42-55. 

 



 

54 

 

75. Wu, M., Melichian, D. S., de la Garza, M., Gruner, K., Bhattacharyya, S., 
Barr, L., Nair, A., Shahrara, S., Sporn, P. H., Mustoe, T. A., Tourtellotte, W. G., and 
Varga, J. (2009). Essential roles for early growth response transcription factor Egr-
1 in tissue fibrosis and wound healing. Am J Pathol 175, 1041-1055. 

 
76. Zimm, S., Collins, J. M., Riccardi, R., O'Neill, D., Narang, P. K., Chabner, 

B., and Poplack, D. G. (1983). Variable bioavailability of oral mercaptopurine. Is 
maintenance chemotherapy in acute lymphoblastic leukemia being optimally 
delivered? N Engl J Med 308, 1005-1009. 

 
  



 

55 

 

 

7 ABBREVIATIONS 

 

AaDO2  alveolar-arterial oxygen gradient  

ANA  antinuclear antibody  

COP  Cryptogenic organizing pneumonia 

CTD  connective tissue disease 

CTD-ILD  CTD with associated ILD 

CTGF  connective tissue growth factor  

DM  dermatomyositis  

DLCO  diffusion capacity of the lung for carbon monoxide 

DcSSc diffuse cutaneous scleroderma 

DPLD  diffuse parenchymal lung disease 

Egr-1  early growth response-1  

DNA  deoxyribonucleic acid  

FVC  forced vital capacity  

HPRT  hypoxanthine-guanine phosphoribosyl transferase  

HRCT      high resolution computed tomography 

IIP  idiopathic interstitial pneumonia 

ILD  interstitial lung disease 

IPAF   interstitial pneumonia with autoimmune features  

IPF  idiopathic pulmonary fibrosis 

IVC  inspiratory vital capacity 

KL-6  Krebs von der Lunge 6 

LcSSc  limited cutaneous scleroderma  

LDH  lactate dehydrogenase 

LIP   lymphocytic interstitial pneumonia  
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MCTD  mixed connective tissue disease  

MMF   mycophenolate mofetil  

MTX  methotrexate  

NSIP  non-specific interstitial pneumonia 

OP  organizing pneumonia 

PaCO2 partial pressure of carbon dioxide in arterial blood  

PaO2  pressure of oxygen in arterial blood  

PM  polymyositis 

RA  rheumatoid arthritis 

RF  rheumatoid factor 

RNP  ribonucleoprotein 

ROC  receiver operating characteristic   

SaO2  arterial oxygen saturation  

SSc  systemic sclerosis 

SjS  Sjögren syndrome 

SLE  systemic lupus erythematosus 

TGF-ß  transforming growth factor-ß 

TPMT  thiopurine-S-methyltransferase  

UCTD  undifferentiated connective tissue disease 

UIP  usual interstitial pneumonia 

U1RNP     ribonuclear protein component of the spliceosome  
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