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Introduction 

Collagen vascular disease (CVD) encompasses a group of related autoimmune 
disorders characterized by inflammation and fibrosis within many organ systems. 
Pulmonary involvement is a major driver of morbidity and mortality in patients with 
connective tissue disease.(! , 2) It may manifest as pleural or diffuse parenchymal 
(interstitial) disease, or as pathology involving the airways, respiratory bellows or 
pulmonary vasculature.(!, 3) Even treatments meant to assuage the underlying 
immunological assault may result in opportunistic infection or direct pulmonary drug 
toxicity.(4) This review will focus on key issues related to the recognition and treatment 
of interstitial lung disease (ILD) in subjects with connective tissue disorders. ILD is 
prevalent in these patients.(5) It is most often identified in persons with established 
collagen vascular disease diagnoses, but may be a part of the original presentation. 
Occasionally, it develops months or even years prior to the onset of any other features of 
systemic illness. In some cases, it appears that ILD may be the dominant clinical feature 
of an otherwise undifferentiated connective tissue disorder.(6, 7) The most common 
CVDs associated with interstitial lung disease include systemic sclerosis and its variants 
(SSe), rheumatoid arthritis (RA), polymyositis/dermatomyositis (PM/DM), the 
antisynthetase antibody syndrome (ASA), Sjogren's syndrome (SS), systemic lupus 
erythematosus (SLE), and mixed connective tissue disease (MCTD). Early detection of 
interstitial lung disease with objective testing at regular intervals is essential. When 
patients present to respiratory specialists for evaluation of dyspnea, they may already 
have advanced, irreversible disease. Optimal management of these conditions requires a 
close partnership between the patient, pulmonologist, and rheumatologist. 

Epidemiology of Connective Tissue Disease-Associated Interstitial Lung Disease 
(CTD-ILD) 

Among individuals presenting for evaluation of interstitial lung disease, 
approximately 15% are found to have evidence of collagen vascular disease.(8) Acute, 
subacute and chronic presentations of ILD may occur, but chronic interstitial disease is 
most common. The incidence of ILD within the various collagen vascular diseases is 
quite variable. High resolution computed tomography of the chest (HRCT) has 
confirmed that the prevalence of interstitial pathology is generally much higher than 
previously thought.(9) In patients with systemic sclerosis, ILD may ultimately develop in 
more than 70% ofpatients.(3, 10, 11) It leads to moderate or severe pulmonary 
restriction in 15-40%, and is the leading disease-related cause of death.(5, 12, 13) 
Conversely, patients with systemic lupus erythematosus develop chronic ILD less than 
10% of the time by most reports.(lO, 14, 15) Polymyositis/dermatomyositis, Sjogren's 
syndrome, rheumatoid arthritis and mixed connective tissue disease show intermediate 
prevalence rates.(9, 16-18) Rheumatoid arthritis is the most common CVD seen in 
clinical practice. It affects 1-2% of the general population. In this disorder, 15-20% of 
patients develop clinically significant interstitial lung disease.(19-21) ILD is more 
prevalent in older, male patients with more severe arthritis and a history of smoking.(21, 
22) By contrast, the other CTD-ILD patients tend to be younger (middle aged) and 



female. Indeed, interstitial lung disease occurring in that demographic should always 
raise concern for an underlying connective tissue disorder. 

The Diversity of Radiologic and Pathologic Findings in CTD-ILD 

Nonspecific interstitial pneumonia (NSIP) is the most common type of interstitial 
lung disease seen in subjects with CVD, except for rheumatoid arthritis, where usual 
interstitial pneumonia (UIP) predominates (see Figure 1).(3, 23) Even in RA, though, 
NSIP is a close second with regard to histopathology.(24) There are several potential 
causes ofNSIP, including hypersensitivity pneumonitis, HIV infection, pulmonary drug 
toxicity, and the idiopathic version of the disease, but finding NSIP on a lung biopsy 
should always prompt a careful evaluation for the presence of an underlying connective 
tissue disorder. Other common ILD patterns seen in CVD patients include organizing 
pneumonia (OP), lymphocytic interstitial pneumonia (LIP) and diffuse alveolar damage 
(DAD).(25) 

Figure 1. Relative frequency of the various ILDs in patients with collagen vascular disease. 
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NSIP is the most prevalent interstitial pneumonia seen in patients with connective tissue 
disease. UIP may be slightly more common than NSIP in rheumatoid arthritis. OP is most 
common in subjects with RA, PM/DM and SLE. DAD is most often associated with SLE, 
PM/DM and RA. LIP is uncommon except in Sjogren's syndrome. 



NSIP is characterized by a homogeneous histologic appearance wherein all 
affected regions look similar to the microscopist. There are cellular and fibrotic types of 
NSIP. In the cellular form, chronic interstitial inflammation is primarily responsible for 
the uniform widening of alveolar septae, while in fibrotic NSIP, collagen deposition 
predominates.(26) Honeycombing is uncommon, and mild if present. High resolution 
computed tomography indicates mainly ground glass opacification in the cellular form of 
the disease. Patchy consolidation may also be seen, and frequently reflects the 
concomitant presence of organizing pneumonia.(9) Superimposed intralobular interstitial 
thickening (reticulation) is often evident, especially in mixed cellular-fibrotic disease. 
Traction bronchiectasis and bronchioloectasis within regions of ground glass attenuation 
and intralobular interstitial thickening are the major imaging features of fibrotic NSIP.(9) 
NSIP is especially common in scleroderma, polymyositis/dermatomyositis and mixed 
connective tissue disease.(27) In scleroderma, about 75-80% oflung biopsies reveal 
NSIP.(23, 28) Regrettably, the less treatment-sensitive fibrotic variety is most common. 

Usual interstitial pneumonia is the pathologic correlate of idiopathic pulmonary 
fibrosis, but it is not specific to that disorder. CVD is the second most common condition 
associated with the development ofUIP. UIP features more histological heterogeneity 
than NSIP. In UIP, there are regions of advanced fibrosis juxtaposed against regions of 
normal lung architecture, plus honeycomb cysts, patchy inflammatory infiltrates and 
fibroblastic foci , which represent the leading edge of injury and repair within the 
lung.(29) The fibrotic process evolves from the pleural edge inward, and there is typically 
a subpleural and basilar predominance evident on HRCT with reticular change and 
honeycombing, but a paucity of ground glass opacity.(3) It is not uncommon to see some 
mediastinal lymphadenopathy (usually involving just one or two stations) in individuals 
with CTD-related UIP or NSIP.(3) UIP is encountered most frequently in association 
with RA and SSe. 

Organizing pneumonia may be identified in any CVD, but is most common in the 
inflammatory myopathies, lupus and rheumatoid arthritis.(24, 30, 31) In PM/DM, it is the 
second most common type of ILD seen after NSIP .(24) Organizing pneumonia is 
characterized by intraluminal plugs of loose fibroblastic connective tissue within alveolar 
ducts and alveoli.(25) These "polyps" may extend into bronchioles as well. Variable 
degrees of interstitial inflammation can be identified. On imaging, organizing pneumonia 
typically presents with multifocal peripheral or peribronchovascular patches of ground 
glass and consolidation (see figure 2), which tend to favor the lower lung zones.(32) 
Nodules, perilobular opacities and bronchial wall thickening may also be seen.(33) 

Lymphocytic interstitial pneumonia is an uncommon form of ILD which is 
usually associated with autoimmune disease or immunodeficiency states, and rarely is 
idiopathic. It is often recognized in association with Sjogren's syndrome, where up to 
25% of patients will develop interstitial lung disease.(!, 34, 35) NSIP and LIP are the 
most common forms ofiLD seen in Sjogren's syndrome. LIP is occasionally identified in 
patients with RA or SLE as well.(3, 24) This condition features prominent widening of 
the alveolar septae with polyclonallymphocytes and variable numbers of plasma cells 
and histiocytes. Fibrosis develops occasionally. The HRCT patterns associated with LIP 
are remarkably diverse. Some patients show predominant ground glass opacities, while 
others have reticular infiltrates, centrilobular nodules, patches of consolidation, or thin
walled cysts which are typically few in number (see Figure 2).(3, 36) 



Figure 2. Top: CXR and CT of a patient with rheumatoid arthritis and usual interstitial 
pneumonia featuring coarse reticular changes and prominent subpleural honeycombing. 
Bottom: Nonspecific interstitial pneumonia in a patient with dermatomyositis featuring 
basilar predominant ground glass opacities and traction bronchiectasis. 

Diffuse alveolar damage, the clinical correlate of the acute respiratory distress 
syndrome, is the most ominous histopathologic pattern seen in subjects with CVD. The 
relevant clinical correlates include acute interstitial pneumonia (organizing DAD) and 
acute lupus pneumonitis (acute, exudative DAD). It occurs most often in association 
with PM/DM, the anti-synthetase antibody syndrome, RA and SLE.(3, 24, 27, 37, 38) 
DAD is sometimes the first manifestation of pulmonary involvement in a patient with 
CVD. Other times, its presence reflects an acute exacerbation of a chronic underlying 
interstitial disorder (e.g. , NSIP or UIP).(39, 40) Widespread "geographic" ground glass 
opacification, with or without consolidation, is usually seen (see Figure 3).(3) Traction 
bronchiectasis and other evidence of architectural distortion may develop later on. 



Figure 3. Top left: organizing pneumonia in a patient with systemic lupus erythematosus 
featuring peribronchial and peripheral consolidation. Bottom left: Diffuse alveolar damage 
in a patient with polymyositis demonstrating geographic ground glass opacification and 
areas of consolidation. Right: lymphocytic interstitial pneumonia in a patient with mixed 
connective tissue disease and secondary Sjogren's syndrome demonstrating mild, 
widespread ground glass with scattered cystic changes and some reticular infiltrates. 

The Clinical Presentation of CTD-ILD 

The respiratory presentation of CTD-ILD is indistinguishable from that of the 
idiopathic interstitial pneumonias.( 41) Fibrotic NSIP and UIP are chronic, fibrosing 
conditions which present with the insidious onset of cough and dyspnea. In most cases, 
the cough is nonproductive. Pulmonary function tests reveal restriction with reduced 
lung volumes and often prominent impairment in diffusing capacity.(16, 25) The 
diffusing capacity, a measure of gas transfer across the alveolar-capillary interface, may 
also be reduced by the presence of anemia or pulmonary vascular disease, both of which 
may be present in subjects with connective tissue disease. Dry inspiratory crackles are 
usual on pulmonary auscultation. Clubbing is not uncommon in the subset with usual 
interstitial pneumonia. Look for reticular changes and honeycombing, or ground glass 
with traction bronchiectasis on HRCT to identify these patients (see Table 1).(9) 

Individuals with organizing pneumonia, cellular NSIP and LIP often present with 
more subacute symptoms (2-12 weeks) .(25) In addition to cough and breathlessness, 
these patients are more likely to note systemic complaints, such as fever or flu-like 
symptoms, at the onset of the respiratory illness. Fatigue and weight loss are common. 
Restriction is again the rule on pulmonary function testing, and crackles are expected on 



pulmonary auscultation. These patients will have imaging that features predominantly 
ground glass opacification (patchy or widespread) and/or zones of consolidation.(9) 

Table 1. Types of ILD seen in patients with collagen vascular disease: pathologic and 
radiologic features. 
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Cellular Homogeneous mild-moderate Subacute- Predominant GGO, may All 
NSIP expansion of alveolar septae chronic see patches of 

with a lymphoplasmacytic consolidation 
infiltrate 

Fibrotic Homogeneous widening of Chronic GGO with traction All 
NSIP alveolar septae with mature bronchiectasis and/or 

collagen-type fibrosis intralobular interstitial 
thickening 

UIP Honeycombing, fibroblastic Chronic Subpleural RA, SSe, 
foci, temporal heterogeneity honeycombing, MCTD 

pre_dominant reticular 
opacities 

LIP Marked widening of alveolar Subacute- Predominant GGO, Sjogren's 
septae by small, polyclonal chronic reticular opacity, syndrome 
lymphocytes consolidation, nodules or 

cysts 

OP Loose, fibroblastic connective Acute-subacute Peribronchial or RA,SLE, 
tissue plugs within alveolar subpleural consolidation PM/DM 
ducts and alveoli. Variable andGGO 
amounts of chronic interstitial 
inflammation 

DAD Extensive proliferation of Acute Widespread geographic SLE, RA, 
fibroblasts within the interstitial GGO and/or PM/DM, ASA 
space +1- hyaline membranes consolidation, reticular 

and traction changes 
may be seen late 

DAH Pulmonary capillaritis Acute Widespread GGO or SLE 
consolidation 

NSIP =nonspecific interstitial pneumonia, UIP = usual interstitial pneumonia, LIP = lymphocytic 
interstitial pneumonia, OP = organizing pneumonia, DAD = diffuse alveolar damage, DAH = diffuse 
alveolar hemorrhage 

When patients with known or suspected connective tissue disease present with the 
rapid onset of cough, dyspnea, hypoxemia and widespread ground glass or alveolar 
infiltrates, the differential diagnosis should include acute or organizing DAD, acute, 
diffuse organizing pneumonia, diffuse alveolar hemorrhage (DAH), infection (including 
opportunistic pneumonias ), and pulmonary drug toxicity. Acute exacerbations of 



preexisting chronic ILD should also be considered.( 42) Patients with PM/DM, the anti
synthetase antibody syndrome, and RA are the most prone to develop acute interstitial 
pneumonia, but it may occur in any CVD.(24, 27, 37, 40, 43) This features the rapid 
onset of shortness of breath and hypoxemia developing over days to a few weeks, and 
frequently culminates in the development of acute hypoxemic respiratory failure. 
Multifocal or diffuse ground glass opacification or consolidation is seen on chest 
imaging. Histology usually shows organizing DAD with extensive evidence of 
interstitial fibroproliferation and often remnants of hyaline membranes, a hallmark of 
acute lung injury. Widespread organizing pneumonia, or just very extensive fibroblastic 
foci, are sometimes seen instead.(39, 42) Mortality in this setting is on the order of 60-
100% over 1-12 months.(37, 39) 1-5% of patients with chronic fibrotic CTD-ILD may 
develop acute exacerbations each year.( 40, 44) These are also characterized by 
superimposed diffuse alveolar damage. Occasionally, thoracoscopic lung biopsy is 
actually a trigger for the development of these often fatal acute exacerbations.( 45-48) 

Patients with collagen vascular disease have an increased incidence of infectious 
pneumonia with routine and unusual pathogens due to both endogenous and exogenous 
immunosuppression.(3) In addition, these patients may have impaired cough and mucus 
clearance due to bellows weakness (PM/DM), or a greater risk of aspiration due to 
oropharyngeal dysphagia, esophageal dysmotility and severe gastroesophageal reflux 
disease (PM/DM, scleroderma). Subjects with CVD who are treated with corticosteroids 
and/or mycophenolate may be especially susceptible to the development of Pneumocystis 
jiroveci pneumonia.( 49-51) Pneumocystis should always be considered and ruled out 
when new, widespread ground glass opacities appear in these patients. 

The presence of hemoptysis, anemia or a falling hematocrit should alert the 
physician to the possibility of diffuse alveolar hemorrhage. DAH occurs almost 
exclusively in the setting of systemic lupus erythematosus, but only 1-2% of SLE patients 
develop pulmonary hemorrhage over the course of their illness.(52, 53) The diagnosis is 
confirmed by bronchoscopy and bronchoalveolar lavage (BAL). In the setting ofDAH, 
serial aliquots of saline instilled through a wedged bronchoscope return an increasingly 
bloody effluent. Pulmonary capillaritis is the usual histologic finding in these 
patients.( 54) 

Clues that an ILD Patient Has an Underlying Collagen Vascular Disorder 

Once the pulmonologist has excluded other common causes of interstitial lung 
disease with a careful occupational, environmental, medication and family history, he or 
she is frequently tasked with determining whether a patient with ILD has an idiopathic 
interstitial pneumonia (liP) or an underlying connective tissue disease. Distinguishing 
the two depends on a careful history and physical examination, and attention to subtle 
differences that are sometimes present on imaging studies or histopathology.(55) All too 
often, the work-up is limited to a brief inquiry about arthritis or skin rashes, and an order 
to obtain an antinuclear antibody (ANA) and rheumatoid factor (RF) level. This 
approach is entirely inadequate. The ILD history must include a comprehensive survey 
of potential CTD-related complaints and include questioning about the presence of 
nonandrogenic alopecia, oral ulcers, dry eyes, dry mouth, skin rashes, photosensitivity, 
skin thickening or tightening, arthralgias, arthritis, morning stiffuess, myalgias, muscle 



weakness, constitutional complaints, serositis, renal disease, central nervous system 
complaints, Raynaud's phenomenon, dysphagia and GERD (see Table 2). 

Table 2. Symptoms and signs which may indicate that a patient's interstitial lung disease is 
driven by an underlying connective tissue disorder. 

• Skin rashes • Malar rash 

• Skin thickening or tightening • Nonandrogenic alopecia 

• Thinning hair • Heliotrope periorbital rash 

• Oral ulcers • Shawl sign or V-neck rash 

• Dry eyes • Gottron's sign 

• Dry mouth • Mechanic 's hands 

• Photosensitivity • Telangiectasias 

• Arthralgias • Oral ulcers 

• Arthritis • Cutaneous sclerosis 

• Morning stiffness • Sclerodactyly 

• Myalgias • Digital ulcerations 

• Muscle weakness • Periungual erythema 

• Pleurisy • Abnormal nailfold capillaroscopy 

• Pericarditis • Active Raynaud's phenomenon 

• Neurological symptoms • Muscle tenderness 

• Fever, malaise, weight loss • Proximal muscle weakness 

• Dysphagia • Combined inspiratory squeaks and 

• GERD crackles on auscultation 

• Change in urine color or reduced output • Pleural or pericardia! rubs 

• Sudden onset of pallor or cyanosis in digits after • Synovitis or synovial thickening 
cold exposure with blushing upon recovery • Joint destruction 

• Ulnar deviation of digits 

Similarly, the physical examination in ILD patients requires specific attention to 
sometimes subtle clinical clues. Some findings are obvious, such as widespread 
cutaneous sclerosis, Raynaud's phenomenon, or a malar rash. It is important to note 
more subtle psoriaciform lesions on the scalp, telangiectasias over the palms, face or 
upper chest, digital or oral ulcerations, sclerodactyly, Gottron's papules, a periorbital 
heliotrope rash or mechanic's hands. Nailfold capillaroscopy can be very helpful to 
identify the capillary dropout, giant capillaries and microhemorrhages seen in certain 
connective tissue disorders.(56-58) On auscultation of the chest, listen for inspiratory 
squeaks in conjunction with inspiratory crackles. This suggests concomitant small 
airways disease and ILD, which is seen in the setting of collagen vascular disease and 
hypersensitivity pneumonitis, but not the liPs. Occasionally, one may identify other 
findings like pleural or pericardia! friction rubs, a consequence of CVD-related serositis. 
Even though overt synovitis may be lacking, look for evidence of synovial thickening, 
ulnar deviation of the digits, or prior joint destruction. 

A positive ANA and/or RF are nonspecific, and may be seen in the presence of 
idiopathic ILD. High titers of antinuclear antibodies (> 1 :320), or certain ANA patterns 
(i.e., nucleolar) are more suggestive of an underlying connective tissue disorder. Some 



antibodies are more specific than others, and we recommend checking a complete 
extractable nuclear antigen (ENA) panel as well as creatine phosphokinase and aldolase 
levels, anti-cyclic citrullinated peptide (anti-CCP) and myositis (anti-synthetase) antibody 
panel on individuals with ILD of unclear etiology. The anti-CCP antibody is highly 
specific for rheumatoid arthritis.(59) The anti-Jol antibody and other myositis antibodies 
like PL-7 or PL-12 (and others) are specific for PM/DM or the anti-synthetase antibody 
syndrome.(60-62) Scl-70 is specific for systemic sclerosis and predictive of the 
development of interstitial lung disease.(63) High titer SSA (anti-Ro) or SSB (anti-La) 
antibodies are suggestive of Sjogren's syndrome. Double-stranded DNA antibodies 
would favor systemic lupus erythematosus, and anti-ribonuclear protein (RNP) antibodies 
are seen in patients with MCTD. 

On HRCT, it is important to look for clues apart from the ILD pattern alone, as 
the patterns of liP and CTD-ILD are frequent! y indistinguishable. (9) A dilated, patulous 
esophagus is common in individuals with scleroderma/CREST-related ILD. Pleural or 
pericardia! thickening or effusion may signal past or current serositis, and is decidedly 
uncommon in the idiopathic interstitial pneumonias. Enlargement of the central 
pulmonary arteries, if disproportionate to the extent of parenchymal damage, might signal 
the presence of concomitant pulmonary vascular disease, which is especially common in 
patients with SSe or MCTD. ILD plus lobular air-trapping, which suggests simultaneous 
pathology within the small airways, is often identified in patients with RA and Sjogren's 
syndrome. 

Figure 4. Left: expiratory HRCT in a patient with Sjogren's syndrome and ILD 
demonstrating ground glass opacities and prominent lobular air trapping indicative of 
concomitant bronchiolitis; Right: subpleural reticulation, prominent pleural thickening and 
a dilated esophagus in a patient with a PM-SSc overlap syndrome. 

At times, the pathologist reviewing the surgical lung biopsy specimen is helpful in 
distinguishing idiopathic interstitial pneumonia from CTD-ILD. With regard to the 
essential diagnostic features of each interstitial pneumonia (NSIP, UIP, etc.), there is no 
difference histopathologically between the liPs and CTD-ILDs. The difference comes in 
the additional features which may or may not be present in subjects with connective 
tissue disease. These features include the presence of prominent lymphoid follicles with 
germinal centers, extensive pleuritis, constrictive or lymphocytic bronchiolitis, prominent 



lymphoplasmacytic interstitial infiltrates, and dense perivascular collagen deposition.(41, 
64-66) 

Does the Patient Have an liP or a Lung-Dominant Connective Tissue Disorder? 

There are many subjects with ILD who present for evaluation demonstrating some 
limited clinical and serological evidence of an underlying autoimmune disease, but they 
fail to meet defined criteria for a connective tissue disorder according to American 
College of Rheumatology standards.(?, 67) Should these patients be classified as 
idiopathic interstitial pneumonia or CTD-ILD? Rheumatologists recently established a 
new category called "undifferentiated connective tissue disease (UCTD)" to describe 
individuals who have features of a systemic autoimmune disease, but who do not meet 
established standards for diagnosis of a specific CVD. These patients generally have 
milder disease with an absence of major organ involvement, simplified clinical and 
serological presentations (e.g., at least one positive autoantibody), and a good 
prognosis.(68) When followed longitudinally, most of these subjects (about 70%) do not 
evolve into defined collagen vascular diseases, so UCTD is not simply an early phase of 
another disorder.(68, 69) Some have suggested that most patients with idiopathic NSIP 
may actually have an occult connective tissue disorder.(70) Kinder et al. studied 28 
consecutive liP patients and found that 88% of the idiopathic NSIP patients met criteria 
for an undifferentiated connective tissue disorder.(70) A positive ANA was the most 
common serologic abnormality in these patients with a median titer of only 1:320. 
Patients were only required to have one potential symptom of a CVD, but 86% had two, 
and 67% had three. In another study of 47 consecutive patients with idiopathic NSIP, 
Suda and colleagues found that 47% met criteria for UCTD.(71) The most common 
extrapulmonary symptoms were skin change or Raynaud' s phenomenon. Fibrotic NSIP 
is the usual histologic finding in these subjects.(71) 

Rheumatologists, interestingly, are much more prone to consider an individual 
with inflammatory arthritis and one or two positive serologies as having UCTD than they 
are a patient with the same serologies and NSIP on a surgical lung biopsy.(63) What if 
the patient also had a first degree relative with RA, and a second degree relative with 
Sjogren's syndrome? Such patients are encountered routinely in academic ILD centers. 
Yet despite its high prevalence and impact on patient outcome, ILD is not even a part of 
the diagnostic criteria of most collagen vascular diseases. It is only a minor criterion for 
patients with SSe, where the prevalence of ILD is over 70% based on HRCT and autopsy 
studies. The rheumatology and pulmonary group at National Jewish Health suggest 
referring to these patients with suspected autoimmune ILD as "lung-dominant connective 
tissue disease".(67) They stress the need for utilizing more specific autoantibody panels 
in our evaluation of ILD patients, and recommend incorporating histopathologic findings 
supportive of an underlying rheumatic disease into the diagnostic equation.(67) I believe 
we should also include histopathology from minor salivary gland biopsies (in subjects 
with sicca symptoms), and a family history of defined CVD among first and second 
degree relatives in our definition "lung-limited" or "lung-dominant" connective tissue 
disorders. 



Table 3. Proposed criteria for the diagnosis of lung dominant connective tissue disease 
(modified from Fischer et al, Chest 2010(67)). 

Evidence of interstitial lung disease (NSIP, UIP, OP, LIP, DAD or DIP if no smoking history) by high 
resolution chest CT or surgical lung biopsy with no alternate etiology evident and 

Any one of the following "specific" autoantibodies: 
ANA> 1:320 
Nucleolar ANA pattern 
Anti-CCP 
Anti-SSA or SSB 
Anti-Scl 70 
Anti -centromere 
Anti-dsDNA 
Anti-Smith 
Anti-RNP 
Anti-tRNA synthetase antibodies (Jo-1, PL-7, PL-12, MI-2, SRP, KU, U2 SN RNP, EJ, OJ) 
Anti-PM-Scl 

or 

symptoms suggestive of a possible underlying connective tissue disorder 
• sicca symptoms, inflammatory arthritis, typical CTD-related skin findings, Raynaud's 

phenomenon (especially with abnormal nail fold capillaroscopy) 

and either 
• a 1st or 2nd degree relative with a defined connective tissue disease 

or 
• a minor salivary gland biopsy indicating grade 2-4 chronic sialadenitis 

or 
• at least two of these histopathologic features on lung biopsy 

o prominent lymphoplasmacytic interstitial infiltrate 
o prominent lymphoid follicles with germinal centers 
o constrictive or lymphocytic bronchiolitis 
o extensive pleuritis 
o dense perivascular collagen 

or 
• an HRCT demonstrating interstitial lung disease and additional features suggestive of CTD-ILD: 

o lobular air-trapping indicative of concomitant bronchiolitis 
o a dilated, patulous esophagus 
o significant pleural or pericardia! thickening or effusion 

Value of Bronchoscopy and Surgical Lung Biopsy in CTD-ILD 

Bronchoscopy is generally not useful for determining the histologic subtype of 
interstitial lung disease in patients with collagen vascular disease. The small biopsies 
obtained transbronchially offer an insufficient sampling of the lung's architecture. 
Bronchoalveolar lavage may be useful for excluding infection in these patients. Infection 
is especially common in SLE and PM/DM.(72, 73) Most infections are bacterial, but 
mycobacteria, fungi, viruses and opportunists like pneumocystis, nocardia and CMV 
must be considered.(74) 

Bronchoalveolar lavage (BAL) is the best test for confirming the presence of 
diffuse alveolar hemorrhage.( 52, 75) This occurs almost exclusively in SLE, but 



occasionally is identified in other CVDs. Infection is commonly identified in SLE 
patients with DAH, and may actually be a trigger for developing capillaritis. In one 
study, evidence of infection was found in 57% of SLE patients within 48 hours of 
admission for pulmonary hemorrhage.(76) BAL and transbronchial biopsy may assist in 
excluding concomitant malignancy in some patients as well (e.g. , lymphoma 
complicating Sjogren's syndrome with LIP, or a "scar carcinoma" in a patient with 
fibrosis). 

In the appropriate clinical setting, high percentages of lymphocytes or eosinophils 
in BAL fluid may help support a diagnosis of drug-induced lung disease in CTD 
patients.(74) This is most frequently encountered in RA patients taking methotrexate.(77, 
78) In some CVDs, especially Sjogren' s syndrome and rheumatoid arthritis, high 
percentages of lymphocytes are common on analysis of BAL fluid, even in the absence of 
respiratory symptoms, abnormal chest radiographs or abnormal PFTs.(79, 80) Thus, this 
should not be considered evidence of disease activity. In general, BAL granulocytosis 
(>3% neutrophils or eosinophils) is indicative of more severe interstitial disease.(74) It 
remains unclear whether such an "alveolitis" has any independent prognostic value. 

The other value of BAL is as a tool of research to expand our understanding of the 
pathogenesis of ILD in these patients. BAL allows for sampling of cellular and 
biochemical elements within the lung. Inflammatory cell differentials and products 
(cytokines, growth factors, etc.) can be analyzed, and myofibroblasts can be cultured 
from BAL fluid. The ultimate goal is to identify reliable biomarkers that track disease 
activity, predict outcome of response to specific treatments, and gauge global prognosis. 
Insights garnered from such research have already suggested a number of novel 
therapeutic targets. · 

Surgical (thoracoscopic) lung biopsy is a routine and essential part of the 
evaluation of interstitial lung disease when the etiology of the parenchymal disorder is 
unknown. Prognosis in the idiopathic interstitial pneumonias is closely tied to the 
histopathologic pattern.(81 , 82) That is to say, the prognosis of idiopathic cellular NSIP, 
fibrotic NSIP and UIP are substantially different. The same cannot be said of those 
patterns occurring in CTD-ILD patients.(83) Thoracoscopic lung biopsy is also known to 
be a potential trigger for an acute exacerbation of ILD with the development of often life
threatening diffuse alveolar damage in 2%.( 45, 48) The fact that the damage is often 
worse in the non-operated lung suggests that alveolar overdistention and/or toxicity from 
high inspired concentrations of oxygen intraoperatively may contribute to this 
complication. When biopsies are done in this population, care should be taken to use 
very small tidal volumes during single lung ventilation of these intrinsically damaged 
lungs, and to use only enough supplemental oxygen to ensure adequate systemic delivery 
during the procedure (not the 100% Fi02 which is frequently employed by 
anesthesiologists). Surgical lung biopsy in the setting of collagen vascular disease should 
generally be reserved for atypical clinical or imaging presentations, or for suspicion of 
malignancy (e.g., lymphoma in Sjogren's syndrome). 

Pathogenesis and Treatment of CTD-ILD 

Formulating effective treatment plans for CTD-ILD requires an understanding of 
the pathogenesis underlying these complex illnesses.(84) Unfortunately, there is not just 



one lung injury and repair process to consider, as evidenced by the numerous distinct 
histopathologies seen in these patients. Furthermore, the individual collagen vascular 
diseases are themselves quite phenotypically diverse. At this point, there is much to learn 
about how environment and genetics interact to produce autoimmunity. What is the role 
of specific autoantibodies in the pathogenesis of these disorders? Is inflammation a 
primary or secondary event in CTD-ILD? To what degree does autoimmune 
inflammation cause the endothelial or epithelial injuries which incite the cascade of 
cellular and molecular events that culminate in the development of pulmonary fibrosis? 
What self-antigens are targeted? We now know that repeated injury, along with 
abrogation of normal reepithelialization and reendothelialization responses, leads to a 
loss of basement membrane integrity at the alveolar-capillary interface.(85) When 
combined with a milieu of particular cytokines and chemokines, these events result 
dysregulated wound repair, abnormal extracellular matrix deposition and pathologic 
fibrosis (see figure 5). 

Current therapies directed at CTD-ILD target the inflammatory response and 
include corticosteroids, azathioprine, mycophenolate and cyclophosphamide. Controlled 
trials demonstrating the efficacy of corticosteroids in CTD-ILD are lacking, yet there are 
certain types of ILD that clearly demonstrate favorable treatment responses . These 
include organizing pneumonia, diffuse alveolar hemorrhage, the cellular form ofNSIP 
and LIP. Patients with these pulmonary manifestations may require the concomitant use 
of other immunomodulating agents for systemic disease control, as steroid-sparing 
agents, or because of glucocorticoid-resistant ILD.(86-90) These steroid-responsive 
subsets of CTD-ILD are generally easy to recognize even in the absence of thoracoscopic 
lung biopsies because they have predominantly or exclusively ground glass opacities or 
consolidation on HRCT imaging.(9) Steroids alone are generally unhelpful in individuals 
with UIP.(91) High dose "pulse" corticosteroid treatment (e.g. , methylprednisolone 1 
gram intravenously for 3-5 days) is usually employed in subjects with diffuse alveolar 
hemorrhage, for acute exacerbations of chronic ILD, and for patients with acute 
respiratory failure due to presumed or biopsy-proven DAD.(37) There is no clear 
evidence of efficacy in these patients, though some appear to respond to this approach. 

With regard to the more common chronic, fibrotic CTD-ILDs, just what is the 
role of inflammation?(92) The old paradigm of inflammation preceding and then leading 
to fibrosis in patients with idiopathic pulmonary fibrosis has been debunked. It is 
tempting to believe, however, that in these CVDs, autoimmune inflammation at least 
plays a key role in regulation of the fibrotic processes. T cells may be seen diffusely 
within the interstitial space or focally as lymphoid follicles in biopsy specimens of 
fibrotic CTD-ILD patients.(93, 94) T lymphocyte-derived cytokines and chemokines, in a 
non-antigen-directed fashion, may activate fibroblast proliferation and differentiation 
leading to collagen production.(92) Activated T cells are known to express CD40 ligand 
on their cell surface, which binds to CD40 located on fibroblast membranes. In 
combination with IL-4, this stimulates fibroblasts to proliferate.(95) Signaling molecules 
like chemoattractant chemokine ligand 3 (CCL3) released by polyclonallymphocytes in 
the lung may also recruit marrow-derived fibrocytes and contribute to epithelial 
mesenchymal transformation.(85, 96-99) Lymphocyte chemoattractant chemokine ligand 
18 (CCL18) is upregulated in the lungs of patients with pulmonary fibrosis, and CCL18 
levels have been shown to correlate negatively with total lung capacity and diffusing 



capacity changes in patients with IPF and systemic sclerosis.(lOO) Furthermore, the 
delivery of human CCL18 into the mouse lung by an adenoviral vector was sufficient to 
produce pulmonary lymphocyte infiltration and fibrosis .(! 01) 

Figure 5. Pathogenesis of inflammation and fibrosis in CTD-ILD. Anti-endothelial cell 
antibodies and self-reactive T cell clones induce endothelial injury leading to vessel and 
platelet-derived release ofTGF-f3 and endothelin-1. These substances promote 
myofibroblast activation within the interstitial space. Activated myofibroblasts proliferate, 
resist apoptosis and release more extracellular matrix components. Endothelial injury, 
interstitial inflammation and environmental and genetic factors (e.g., smoking, short 
telomeres, surfactant protein mutations, Fas gene polymorphisms) combine to induce 
endoplasmic reticulum stress and alveolar epithelial cell injury leading to type II cell 
hyperplasia and the release of profibrotic cytokines and chemokines. Apoptosis of injured 
type I alveolar epithelial cells combined with lymphocyte-derived IL-4/IL-13 exposure 
causes macrophages to become alternatively activated (M2 phenotype). These cells release 
substances that further promote collagen production and angiogenesis. Fibrosis is not 
dependent solely on the proliferation of resident interstitial fibroblasts. Exposure of type II 
alveolar epithelial cells to TGF-f3, CCL3 and endothelin-1 results in epithelial mesenchymal 
transformation, and circulating bone marrow-derived fibrocytes provide another important 
source of fibroblasts within the interstitial space. 
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T lymphocytes may produce pro fibrotic (TGF -~, IL-4, IL-13) or antifibrotic 
(TNF-a, IFN-y) cytokines. Rather than looking to deplete all T lymphocytes in these 
patients, which may increase the risk of infectious complications while also potentially 
eliminating T cells with an antifibrotic phenotype, we perhaps should be trying to change 
the balance ofT cell and macrophage phenotypes in order to temper the pro fibrotic 
characteristics that some leukocytes expre'ss.(92) Self-reactive T lymphocytes may not be 
the underlying cause of fibrosis in CVD patients, butT cells may well play a key role in 
modulating the fibrotic process. 

It is well-established that the use of lymphocyte-modulating agents like 
azathioprine, mycophenolate, cyclophosphamide, tacrolimus and rituximab can affect the 
clinical course offibrotic CTD-ILDs.(84, 102-107) For instance, several studies, some 
uncontrolled, have demonstrated the beneficial effects of cyclophosphamide in SSe 
patients with respect to lung function, symptoms and imaging.(108-110) The 
Scleroderma Lung Study was the first multicenter, randomized placebo-controlled trial in 
158 patients with symptomatic ILD and CT or BAL evidence of"inflammation".(111) 
This showed a modest, but statistically significant benefit in vital capacity measurements 
(2.5%) favoring the cyclophosphamide arm, along with improved skin scores and 
dyspnea. The toxicities associated with cyclophosphamide use, however, are many, and 
prolonged therapy(> 6 months) with this agent is generally unattractive. We tend to 
favor this drug in patients with severe and rapidly progressing CTD-ILD, especially when 
other less toxic immunosuppressive agents have failed. The role of this drug in systemic 
sclerosis patients is better defined compared to other rheumatic diseases. Indeed, there is 
a striking lack of large, controlled studies of the treatment of CTD-ILD in patients with 
other collagen vascular diseases. 

Most patients with chronic CTD-ILD who have a HRCT pattern indicative of 
fibrotic or mixed cellular/fibrotic NSIP or honeycombing plus symptomatic, physiologic 
or radiographic evidence of recent disease progression will be offered therapy with either 
azathioprine or mycophenolate, usually in conjunction with low dose steroids. 
Thiopurine methyltransferase levels should be checked prior to choosing azathioprine, as 
low levels of that enzyme would mean the risk of drug toxicity may be unacceptably 
high. Generally, these drugs are better tolerated than cyclophosphamide, and may be 
used for longer treatment periods. In one study of 13 SSc-ILD patients who 
demonstrated worsening pulmonary function trends in the 12 months prior to initiation of 
treatment (negative 5% vital capacity, negative 5% diffusing capacity), mycophenolate 
led to a significant improvement in vital capacity (+4% of predicted normal VC), and 
stabilization in diffusing capacity(+ 1% of predicted normal DLC0).(112) In another 
retrospective trial ofmycophenolate in SSc-ILD patients treated for at least a year, the 
radiologic extent of disease was stable in eleven, worse in three, and improved in 
one.(113) The Scleroderma Lung Study II will compare the effects of daily oral 
cyclophosphamide vs. mycophenolate and is presently enrolling. 

A mixed cohort of 28 CTD-ILD patients treated with mycophenolate showed 
improvements in average percentage predicted FVC and DLCO of2.3% and 2.6%, 
respectively.(114) In another mixed cohort of 10 subjects, all10 had improvements in 
alveolitis, respiratory symptoms and quality oflife scores.(115) Four of five patients 
requiring oxygen were able to discontinue it. Two of eight repeat HRCT scans showed 
improvement, and none worsened while on therapy. Three of nine with pulmonary 



function data showed improvement, and 5 were stable.(115) In addition to targeting 
lymphocytes, mycophenolate has antifibrotic effects related to effects on the proliferation 
of non-immune cells including fibroblasts and smooth muscle cells.(116, 117) It also 
reduces the synthesis of type I collagen and increases the synthesis of interstitial 
collagenase (matrix metalloproteinase-1 ).(117) Our experience also suggests that 
mycophenolate is the most effective and generally well tolerated cytotoxic agent for use 
in patients with progressive, fibrotic forms of CTD-ILD, particularly in PM/DM, SSe, 
"lung dominant" CTD and Sjogren's syndrome. 

Pirfenidone, a novel anti-fibrotic and anti-inflammatory molecule, has 
demonstrated some efficacy in patients with IPF.(118, 119) It has not yet been approved 
for use in IPF in the United States, though it has been approved in Europe and Japan. 
Studies in patients with CTD-ILD have not yet been performed. 

Tacrolimus, an inhibitor ofT cell activation, has produced favorable pulmonary 
responses in small studies of patients with refractory myositis and the anti-synthetase 
antibody syndrome.(107, 120) Randomized, controlled trials with this agent need to be 
conducted. 

Major advances have been made in the last decade with respect to the 
pathogenesis of idiopathic pulmonary fibrosis . At least some of these lessons are sure to 
be applicable to the chronic, fibrotic types of ILD seen commonly in patients with 
connective tissue disease.(84) The hope is that this science will help us identify subsets of 
CVD patients who are likely to develop ILD in the future, while also leading to new and 
more effective therapeutic approaches. 

There is evidence in mice that the targeted deletion of type II alveolar epithelial 
cells can lead directly to remodeling and fibrosis in the lung without other external 
factors being present.(121) In humans, mutations in surfactant proteins C and A2 promote 
endoplasmic reticulum stress in type II cells and the development of pulmonary 
fibrosis.(122) Hermansky-Pudlak syndrome, an inherited disorder of lysosome function, 
is also linked to type II alveolar epithelial cell stress, apoptosis and pulmonary 
fibrosis.(123) 

Mutations in telomerase, short telomere lengths and premature cellular senescence 
play a key role in some cases of familial pulmonary fibrosis.(124-126) Interestingly, 
telomerase activity was noted to be markedly decreased in one study of systemic sclerosis 
patients also.(127) SSe is the CVD most strongly associated with pulmonary fibrosis, and 
telomere shortening has been noted previously in scleroderma patients.(128) Defective 
apoptosis related to certain Fas gene polymorphisms has been associated with 
autoimmune disease.(129-133) Apoptosis and efferocytosis have important immunologic 
consequences including macrophage activation leading to the secretion of key pro fibrotic 
cytokines like transforming growth factor-beta (TGF-~) and its downstream mediator, 
connective tissue growth factor (CTGF), which stimulate extracellular matrix production 
and myofibroblast differentiation.(5, 134, 135) TGF-~ signal transduction involves the 
phosphorylation of Smad proteins, which then effect the transcription of collagen, other 
matrix elements, and CTGF. Monoclonal antibodies against TGF-~ and CTGF, or 
molecules capable of blocking of Smad phosphorylation or further downstream signaling 
are promising candidates for disrupting the fibrotic machinery in interstitial lung 
disease.(5) 



In connective tissue disease, autoimmune microvascular injury may lead to 
endothelial and epithelial damage and activation, the release of pro fibrotic endothelin-1 , 
local myofibroblast activation, and the development of additional profibrotic cellular 
activity related to epithelial-mesenchymal transformation and fibrocyte recruitment.(84, 
136-139) Bosentan is an endothelin-1 receptor antagonist used in the treatment of 
pulmonary arterial hypertension. However, it has thus far failed to demonstrate efficacy 
in the treatment ofiPF or SSc-ILD.(140-142) 

Imatinib, a tyrosine kinase inhibitor, binds to c-abl and impairs downstream 
signaling ofTGF-~, while also blocking the tyrosine kinase activity of platelet derived 
growth factor (PDGF).(143, 144) Thirty patients with diffuse cutaneous systemic 
sclerosis were recently treated with imatinib in an open-label study.(145) Improvements 
in skin thickening and FVC (6.4% predicted) were seen, while DLCO measurements 
remained stable. The FVC improvements were actually greater in patients without 
interstitial lung disease. Imatinib did not affect lung function or survival in a 
randomized, placebo-controlled trial of mild-moderate IPF patients who were followed 
for 96 weeks.(146) 

Peroxisome proliferator-activated receptor gamma (PPARy) is a nuclear hormone 
receptor that may have important effects on inflammation, fibrogenesis and vascular 
remodeling.(147) Its antifibrotic function relates to blockade of the effects ofTGF-~ on 
collagen gene expression and myofibroblast differentiation.(148) PPARy is markedly 
reduced in lung biopsies from SSc-ILD patients.(149) Interestingly, activators ofPPARy 
include rosiglitazone and pioglitazone, which are currently approved for use in patients 
with type II diabetes mellitus. Treatment of lung myofibroblasts with PPARy agonists 
like rosiglitazone induces cell cycle arrest and inhibits fibroblast migration. The drug 
also prevents alveolar epithelial mesenchymal transition, and inhibits the development of 
fibrosis in the murine bleomycin model.(150) PPARy agonists have not yet been 
evaluated in any human fibrosis trials. 

Immunoneutralization of the profibrotic cytokine, IL-13, is also being studied in 
patients with idiopathic pulmonary fibrosis and systemic sclerosis.(103) IL-13 triggers 
fibroblast proliferation and collagen synthesis, and is elevated in patients with IPF and 
SSc.(151-153) No results are yet available from these trials. 

What, then, is the role of currently approved biologics in the treatment of CTD
ILD? There is limited and conflicting evidence at this point. Rituximab has been 
reported to produce favorable pulmonary and systemic responses in patients with 
systemic lupus, the inflammatory myopathies, and systemic sclerosis.(154-160) It has 
also, however, been reported to cause new onset ILD in isolated cases.(157, 161) The 
vast majority of drug-induced or drug-exacerbated interstitial lung disease linked to 
biologics, however, has been with the use of tumor necrosis factor-a blocking 
agents.(157, 162, 163) Although there are sporadic reports of a beneficial impact from 
anti-TNF therapies on CTD-ILD, there have been 144 reports of new or worsening ILD 
in RA patients following treatment with these drugs, and mortality rates have been 
high.(157) The presence ofiLD is not considered a contraindication to the use of these 
otherwise very helpful biological agents, but the development of new respiratory 
symptoms in this setting should prompt immediate discontinuation of the drug and 
prompt pulmonary consultation. 



The potential role of microaspiration of acidic gastroesophageal reflux in the 
development or worsening of pulmonary fibrosis remains a topic of debate.(164, 165) 
Therapy of even asymptomatic GERD is now recommended as part of the new IPF 
treatment guidelines.(166) GERD is even more prevalent in subjects with secondary 
forms of pulmonary fibrosis , especially scleroderma and its variants, and it should be 
managed with proton pump inhibition and additional reflux precautions as a matter of 
routine.(165, 167, 168) 

Antioxidant therapy with oral N-acetyl cysteine (NAC), a glutathione precursor, 
may also be beneficial in subjects with pulmonary fibrosis .(169-171) A specific role for 
NAC in the setting of collagen vascular disease has not yet been established on the basis 
of clinical trials, but the safety profile of the drug is good, and it has several putative 
antifibrotic effects.(172-175) Adjunctive measures such as influenza and pneumococcal 
vaccination should not be overlooked. 

Lung transplantation remains an option for some patients with advanced fibrosis 
and collagen vascular disease. Careful patient selection is important. Severe reflux 
disease and oropharyngeal dysphagia (aspiration risk), neuropsychiatric issues, 
significant renal pathology, non-healing wounds or advanced sclerosis of the chest wall 
may preclude consideration of transplantation. Notwithstanding, in a recent study 
comparing post-transplant outcomes in IPF, SSe and idiopathic pulmonary arterial 
hypertension, no significant differences in mortality were noted at 24 months (64% 
survival).(176) Another retrospective analysis of 47 SSe patients undergoing 
transplantation at 23 centers between 1987 and 2004 indicated a one and three-year 
survival rate of 68% and 46%, respectively.(177) These values were not significantly 
different compared to the outcomes of the 10,000 other patients undergoing lung 
transplantation during this interval for other indications. 

Prognosis of CTD-ILD 

Interstitial lung disease is clearly a negative prognostic factor in patients with 
connective tissue disorders.(12, 178, 179) The prognosis ofCTD-ILD is, however, 
extremely variable. Certainly some histologic subgroups have distinct prognoses in the 
setting ofCTD-ILD.(180) For instance, organizing pneumonia has a much better 
prognosis than usual interstitial pneumonia, which has a much better prognosis than 
diffuse alveolar damage. However, those entiti~s can be reliably distinguished from one 
another on the basis ofclinical and radiographic findings alone. Establishing specific 
histopathologic patterns by way of surgical lung biopsy in CTD-ILD is not particularly 
useful from a prognostic standpoint. In this way, CTD-ILD differs from the idiopathic 
interstitial pneumonias. Distinguishing UIP from fibrotic (or even cellular) NSIP among 
collagen vascular disease patients does not seem to confer the same important prognostic 
information that it does in the setting of the idiopathic interstitial pneumonias.(23) In 
systemic sclerosis, the prognosis of UIP and NSIP is similar. In the largest study to date, 
the 5-year survival for SSe patients with NSIP was 91% versus 82% in the UIP group, 
and there was no difference in outcomes between subjects with cellular NSIP and those 
with fibrotic NSIP.(23) Instead, disease severity at presentation and trends in functional 
parameters (diffusing capacity and vital capacity) were more important predictors of 



outcome. Higher fibrosis scores on HRCT also indicate a worse prognosis in CTD-ILD, 
as does the presence of pulmonary hypertension.(181 -183) 

Why would UIP in the setting of collagen vascular disease have a different 
prognosis than idiopathic UIP, even accounting for differences in age and controlling for 
severity of functional impairment.(184)? CTD-UIP and idiopathic UIP are, for the most 
part, indistinguishable to the pathologist. The outcome difference may relate to finding 
fewer fibroblastic foci (active zones of injury and repair within the lung) in CTD-UIP 
patients compared to those with idiopathic pulmonary fibrosis.(185, 186) 

In a study of 362 ILD patients (269 with liP and 93 with CTD-ILD), the mean 
survival in the CVD group was 130 months compared to 81 months in the liP group even 
though baseline lung functions were similar.(184) Patients with idiopathic NSIP and 
collagen vascular disease-related NSIP appear to have a similar prognosis.(184, 187) This 
may not be true for patients with UCTD-related NSIP, where one study suggested a 
significantly better prognosis relative to idiopathic NSIP.(7, 71)The prognosis and 
treatment responsiveness of collagen vascular disease-related OP is similar to that of 
cryptogenic organizing pneumonia.(188) Diffuse alveolar damage is the most severe and 
life-threatening interstitial complication of collagen vascular disease. The reported 
mortality rates for this complication are 60-100%, and may be highest when DAD occurs 
on top of preexisting chronic interstitial disease.(3, 37, 39) 

The clinical course of the interstitial lung disease does not necessarily parallel 
other global (i.e., skin, joint, muscle) evidence of disease activity. Interstitial lung 
disease can be an early or late complication.(12) In some cases, the ILD may effectively 
"burn out" and stop progressing even though the systemic illness remains active. SSe 
patients, for example, often progress fastest over the first few years, but then the pace of 
physiological deterioration slows and may even stop.(ll, 13, 110) It is crucially 
important to consider not just the HRCT appearance (i.e., disease extent), but serial 
pulmonary function and symptom trends over time when deciding which patients require 
treatment directed at their ILD. Therapeutic decisions are also frequently driven by other 
systemic features of the disease. This reinforces the need for close cooperation between 
the rheumatologist and pulmonologist in optimizing management of these patients. 

Conclusions 
• Interstitial lung disease is an important cause of morbidity and mortality among 

patients with collagen vascular disease. 
• When evaluating patients with interstitial lung disease of unknown etiology, it is 

essential to include a complete connective tissue disease-specific review of 
symptoms, family history, serological work-up and CTD-focused physical 
examination. 

• NSIP is the most common type of interstitial lung disease seen in subjects with 
collagen vascular disease. 

• Many patients currently classified as having "idiopathic" interstitial pneumonias 
may actually have a forme fruste of connective tissue disease with the lung as the 
primary or sole target. There are not yet well established criteria for the diagnosis 
of these apparent autoimmune interstitial disorders. 



• Bronchoscopy in patients with collagen vascular disease is mainly useful for 
excluding complicating infections and specific complications like diffuse alveolar 
hemorrhage. 

• Surgical lung biopsy is uncommonly required in CTD-related ILD. HRCT 
patterns combined with basic clinical information, like the acuity of the 
presentation, are generally enough to separate the major types of interstitial 
pathology and to make the necessary treatment decisions. 

• The prognosis ofCTD-ILD is quite variable. Diffuse alveolar damage and diffuse 
alveolar hemorrhage may be rapidly fatal. Subacute forms of ILD like organizing 
pneumonia and cellular NSIP generally have a good prognosis and response to 
steroids. Most patients with CTD-ILD have chronic, fibrotic conditions (fibrotic 
NSIP or UIP), which can often be stabilized, and sometimes improved, with 
immunosuppressive therapy. 

• Anti-inflammatory drugs constitute the backbone of present CTD-ILD therapy. 
Major developments in our understanding of the pathogenesis of pulmonary 
fibrosis and autoimmune disease over the last decade have, however, led to the 
identification of a number of potentially exciting biologic targets. 

• Not all patients with CTD-ILD require treatment of their pulmonary condition. 
• Patients with CTD-ILD are best managed in multidisciplinary clinics including 

both rheumatologists and pulmonologists. 

References 

1. Woodhead F, Wells AU, Desai SR. Pulmonary complications of connective tissue diseases. Clin 
Chest Med. 2008 Mar;29(1): 149-64, vii. 
2. Crestani B. The respiratory system in connective tissue disorders. Allergy. 2005 Jun;60(6):715-34. 
3. Silva CI, Muller NL. Interstitial lung disease in the setting of collagen vascular disease. Semin 
Roentgenol. 2010 Jan;45(1):22-8. 
4. Meyer KC, Decker C, Baughman R. Toxicity and monitoring of immunosuppressive therapy used 
in systemic autoimmune diseases. Clin Chest Med. 2010 Sep;31(3):565-88. 
5. Castelino FV, Varga J. Interstitial lung disease in connective tissue diseases: evolving concepts of 
pathogenesis and management. Arthritis Res Ther. 2010;12(4):213. 
6. Sato T, Fujita J, Yamadori I, Ohtsuki Y, Yoshinouchi T, Bandoh S, et al. Non-specific interstitial 
pneumonia; as the first clinical presentation of various collagen vascular disorders. Rheumatol Int. 2006 
Apr;26(6):551-5. 
7. Kinder BW, Shariat C, Collard HR, Koth LL, Wolters PJ, Golden JA, et al. Undifferentiated 
connective tissue disease-associated interstitial lung disease: changes in lung function. Lung. 2010 
Apr; 188(2): 143-9. 
8. Strange C, Highland KB. Interstitial lung disease in the patient who has connective tissue disease. 
Clin Chest Med. 2004 Sep;25(3):549-59, vii. 
9. Lynch DA. Lung disease related to collagen vascular disease. J Thorac Imaging. 2009 
Nov;24(4):299-309. 
10. Lamblin C, Bergoin C, Saelens T, Wallaert B. Interstitial lung diseases in collagen vascular 
diseases. Eur Respir J Suppl. 2001 Sep;32:69s-80s. 
11. Steen VD, Medsger T A. Changes in causes of death in systemic sclerosis, 1972-2002. Ann Rheum 
Dis. 2007 Jul;66(7):940-4. 
12. Steen VD, Medsger TA, Jr. Severe organ involvement in systemic sclerosis with diffuse 
scleroderma. Arthritis Rheum. 2000 Nov;43(11):2437-44. 



13. Khanna D, Tseng CH, Fmmani N, Steen V, Furst DE, Clements PJ, et al. Clinical course oflung 
physiology in patients with scleroderma and interstitial lung disease: Analysis of the scleroderma lung 
study placebo group. Arthritis Rheum. 2011 May 25. 
14. Fenlon HM, Doran M, Sant SM, Breatnach E. High-resolution chest CT in systemic lupus 
erythematosus. AJR Am J Roentgenol. 1996 Feb;166(2):301-7. 
15. Pego-Reigosa JM, Medeiros DA, Isenberg DA. Respiratory manifestations of systemic lupus 
erythematosus : old and new concepts. Best Pract Res Clin Rheumatol. 2009 Aug;23(4):469-80. 
16. Antoniou KM, Margaritopoulos G, Econornidou F, Siafakas NM. Pivotal clinical dilemmas in 
collagen vascular diseases associated with interstitial lung involvement. Eur Respir J. 2009 Apr;33(4):882-
96 . 
17. Chen IJ, Jan Wu YJ, Lin CW, Fan KW, Luo SF, Ho HH, et al. Interstitial lung disease in 
polymyositis and dermatomyositis. Clin Rheumatol. 2009 Jun;28(6):639-46. 
18. Ito I, Nagai S, Kitaichi M, Nicholson AG, Johkoh T, Noma S, et al. Pulmonary manifestations of 
primary Sjogren's syndrome: a clinical, radiologic, and pathologic study. Am J Respir Crit Care Med. 2005 
Mar 15;171(6):632-8. 
19. Kim DS. Interstitial lung disease in rheumatoid arthritis: recent advances. Curr Opin Pulm Med. 
2006 Sep;12(5):346-53. 
20. Gabbay E, Tarala R, Will R, Carroll G, Adler B, Cameron D, et al. Interstitial lung disease in 
recent onset rheumatoid arthritis. Am J Respir Crit Care Med. 1997 Aug;156(2 Pt 1):528-35. 
21. Dawson JK, Fewins HE, Desmond J, Lynch MP, Graham DR. Fibrosing alveolitis in patients with 
rheumatoid arthritis as assessed by high resolution computed tomography, chest radiography, and 
pulmonary function tests. Thorax. 2001 Aug;56(8):622-7. 
22. Bongartz T, Nannini C, Medina-Velasquez YF, Achenbach SJ, Crowson CS, Ryu JH, et al. 
Incidence and mortality of interstitial lung disease in rheumatoid arthritis: a population -based study. 
Arthritis Rheum. 2010 Jun;62(6):1583 -91. 
23 . Bouros D, Wells AU, Nicholson AG, Colby TV, Polychronopoulos V, Pantelidis P, et al. 
Histopathologic subsets of fibrosing alveolitis in patients with systemic sclerosis and their relationship to 
outcome. Am J Respir Crit Care Med. 2002 Jun 15 ;165(12):1581-6. 
24. Tanaka N, Newell JD, Brown KK, Cool CD, Lynch DA. Collagen vascular disease-related lung 
disease: high-resolution computed tomography findings based on the pathologic classification. J Comput 
Assist Tomogr. 2004 May-Jun;28(3):351-60. 
25. 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 
January 15, 2002;165(2):277-304. 
26. Flaherty KR, Martinez FJ. Nonspecific interstitial pneumonia. Sernin Respir Crit Care Med. 2006 
Dec;27(6):652-8. 
27. Kim EA, LeeKS, Johkoh T, Kim TS, Suh GY, Kwon OJ, et al. Interstitial lung diseases 
associated with collagen vascular diseases: radiologic and histopathologic findings . Radiographies. 2002 
Oct;22 Spec No:S151-65. 
28. DOUGLAS WW, TAZELAARHD, HARTMAN TE, HARTMAN RP, DECKERPA, 
SCHROEDER DR, et al. Polymyositis-Dermatomyositis-associated Interstitial Lung Disease. Am J Respir 
Crit Care Med. 2001 October 1, 2001;164(7):1182-5. 
29. Cool CD, Groshong SD, Rai PR, Henson PM, Stewart JS, Brown KK. Fibroblast foci are not 
discrete sites of lung injury or repair: the fibroblast reticulum. Am J Respir Crit Care Med. 2006 Sep 
15;174(6):654-8. 
30. Ikezoe J, Johkoh T, Kohno N, Takeuchi N, Ichikado K, Nakamura H. High-resolution CT findings 
of lung disease in patients with polymyositis and dermatomyositis. J Thorac Imaging. 1996 Fall;11(4):250-
9. 
31. Tansey D, Wells AU, Colby TV, IpS, Nikolakoupolou A, duBois RM, et al. Variations in 
histological patterns of interstitial pneumonia between connective tissue disorders and their relationship to 
prognosis. Histopathology. 2004 Jun;44(6):585-96. 
32. Lee JW, LeeKS, Lee HY, Chung MP, Yi CA, Kim TS, et al. Cryptogenic Organizing Pneumonia: 
Serial High-Resolution CT Findings in 22 Patients. Am J Roentgenol. 2010 October 1, 2010;195(4):916-
22. 



33. Ujita M, Renzoni EA, Veeraraghavan S, Wells AU, Hansell DM. Organizing Pneumonia: 
Perilobular Pattern at Thin-Section CTl. Radiology. 2004 September 1, 2004;232(3):757-61. 
34. Parambil JG, Myers JL, Lindell RM, Matteson EL, Ryu JH. Interstitial lung disease in primary 
Sjogren syndrome. Chest. 2006 Nov;l30(5):1489-95. 
35 . Ito I, Nagai S, Kitaichi M, Nicholson AG, Johkoh T, Noma S, et al. Pulmonary Manifestations of 
Primary Sjogren's Syndrome: A Clinical, Radiologic, and Pathologic Study. Am J Respir Crit Care Med. 
2005 March 15, 2005;171(6):632-8 . 
36. Lynch DA, Travis WD, Muller NL, Galvin JR, Hansell DM, Grenier PA, et al. Idiopathic 
interstitial pneumonias: CT features. Radiology. 2005 Jul;236(1):10-2 1. 
37. Parambil JG, Myers JL, Ryu JH. Diffuse alveolar damage: uncommon manifestation of pulmonary 
involvement in patients with connective tissue diseases. Chest. 2006 Aug;130(2):553-8. 
38. Yousem SA, Gibson K, Kaminski N, Oddis CV, Ascherman DP. The pulmonary histopathologic 
manifestations of the anti-Jo-1 tRNA synthetase syndrome. Mod Pathol. 2010 Jun;23(6):874-80. 
39. Silva CI, Muller NL, Fujimoto K, Kato S, Ichikado K, Taniguchi H, et al. Acute exacerbation of 
chronic interstitial pneumonia: high-resolution computed tomography and pathologic findings. J Thorac 
Imaging. 2007 Aug;22(3):221-9. 
40. Park IN, Kim DS, Shim TS, Lim CM, Lee SD, Koh Y, et al. Acute exacerbation of interstitial 
pneumonia other than idiopathic pulmonary fibrosis. Chest. 2007 Jul;132(1):214-20. 
41. Felicio CH, Parra ER, Capelozzi VL. Idiopathic and collagen vascular disease nonspecific 
interstitial pneumonia: clinical significance of remodeling process. Lung. 2007 Jan-Feb;185(1):39-46. 
42. Churg A, Wright JL, Tazelaar HD. Acute exacerbations of fibrotic interstitial lung disease. 
Histopathology. 2011 Mar;58(4):525-30. 
43 . Tsuchiya Y, Takayanagi N, Sugiura H, Miyahara Y, Tokunaga D, Kawabata Y, et al. Lung 
diseases directly associated with rheumatoid arthritis and their relationship to outcome. Eur Respir J. 2011 
Jun;37(6): 1411-7. 
44. Suda T, Kaida Y, Nakamura Y, Enomoto N, Fujisawa T, Imokawa S, et al. Acute exacerbation of 
interstitial pneumonia associated with collagen vascular diseases. Respir Med. 2009 Jun;103(6):846-53. 
45. Chiyo M, Sekine Y, Iwata T, Tatsumi K, Yasufuku K, lyoda A, et al. Impact of interstitial lung 
disease on surgical morbidity and mortality for lung cancer: analyses of short-term and long-term 
outcomes. J Thorac Cardiovasc Surg. 2003 Oct;126(4):1141-6. 
46. Moore DJ, McParland CP, Bullock MJ, Cartier Y, Hernandez P. Video-assisted thoracoscopic 
lung biopsy as a possible cause of acute interstitial pneumonia in a patient with nonspecific interstitial 
pneumonia. Can Respir J. 2004 Sep;ll(6):437-40. 
47. Kreider ME, Hansen-Flaschen J, Ahmad NN, Rossman MD, Kaiser LR, Kucharczuk JC, et al. 
Complications of video-assisted thoracoscopic lung biopsy in patients with interstitial lung disease. Ann 
Thorac Surg. 2007 Mar;83(3): 1140-4. 
48. Kondoh Y, Taniguchi H, Kitaichi M, Yokoi T, Johkoh T, Oishi T, et al. Acute exacerbation of 
interstitial pneumonia following surgical lung biopsy. Respir Med. 2006 Oct;100(10):1753-9. 
49. Arichi N, Kishikawa H, Mitsui Y, Kato T, Nishimura K, Tachikawa R, et al. Cluster outbreak of 
Pneumocystis pneumonia among kidney transplant patients within a single center. Transplant Proc. 2009 
Jan-Feb;41(1): 170-2. 
50. Eitner F, Hauser lA, Rettkowski 0, Rath T, Lopau K, Pliquett RU, et al. Risk factors for 
Pneumocystis jiroveci pneumonia (PeP) in renal transplant recipients. Nephrol Dial Transplant. 2011 
Jun;26(6):2013-7. 
51. Shimizu Y, Sunaga N, Dobashi K, Fueki M, Fueki N, Makino S, et al. Serum markers in 
interstitial pneumonia with and without Pneumocystis jirovecii colonization: a prospective study. BMC 
Infect Dis. 2009;9:47. 
52. Zamora MR, Warner ML, Tuder R, Schwarz MI. Diffuse alveolar hemorrhage and systemic lupus 
erythematosus. Clinical presentation, histology, survival, and outcome. Medicine (Baltimore). 1997 
May;76(3): 192-202. 
53. Kwok SK, Moon SJ, Ju JH, Park KS, Kim WU, Cho CS, et al. Diffuse alveolar hemorrhage in 
systemic lupus erythematosus: risk factors and clinical outcome: results from affiliated hospitals of 
Catholic University of Korea. Lupus. 2011 Jan;20(1):102-7 . 
54. Schwarz MI, Brown KK. Small vessel vasculitis of the lung. Thorax. 2000 Jun;55(6) :502-10. 
55. Tzelepis GE, Toya SP, Moutsopoulos HM. Occult connective tissue diseases mimicking 
idiopathic interstitial pneumonias. Eur Respir J. 2008 Jan;31 (1 ): 11-20. 



56. Cutolo M, Pizzorni C, Secchi ME, Sulli A. Capillaroscopy. Best Pract Res Clin Rheumatol. 2008 
Dec;22( 6): 1093-108. 
57. Cutolo M, Sulli A, Secchi ME, Paolino S, Pizzorni C. Nai1fold capillaroscopy is useful for the 
diagnosis and follow-up of autoimmune rheumatic diseases. A future tool for the analysis of microvascular 
heart involvement? Rheumatology (Oxford). 2006 Oct;45 Suppl4:iv43-6. 
58. de Rolanda Mafaldo Diogenes A, Bonfa E, Fuller R, Correia Caleiro MT. Capillaroscopy is a 
dynamic process in mixed connective tissue disease. Lupus. 2007;16(4):254-8. 
59. Mimori T. Clinical significance of anti-CCP antibodies in rheumatoid arthritis. Intern Med. 2005 
Nov;44(11):1122-6. 
60. Watanabe K, Handa T, Tanizawa K, Hosono Y, Taguchi Y, Noma S, et al. Detection of 
antisynthetase syndrome in patients with idiopathic interstitial pneumonias. Respir Med. 2011 
Aug; 1 05(8): 1238-47. 
61. Ghirardello A, Zampieri S, Tarricone E, Iaccarino L, Bendo R, Briani C, et al. Clinical 
implications of autoantibody screening in patients with autoimmune myositis. Autoimmunity. 2006 
May;39(3):217 -21. 
62. Imbert-Masseau A, Hamidou M, Agard C, Grolleau JY, Cherin P. Antisynthetase syndrome. Joint 
Bone Spine. 2003 Jun;70(3):161-8. 
63. Fischer A. Interstitial lung disease: a rheumatologist's perspective. J Clin Rheumatol. 2009 
Mar; 15(2):95-9. 
64. Nicholson AG, Colby TV, Wells AU. Histopathological approach to patterns of interstitial 
pneumonia in patient with connective tissue disorders. Sarcoidosis Vase Diffuse Lung Dis. 2002 
Mar; 19(1 ): 10-7. 
65. 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 
Jul; 136(1):23-30. 
66. Leslie KO, Trahan S, Gruden J. Pulmonary pathology of the rheumatic diseases . Semin Respir 
Crit Care Med. 2007 Aug;28(4):369-78. 
67. Fischer A, West SG, Swigris JJ, Brown KK, duBois RM. Connective tissue disease-associated 
interstitial lung disease: a call for clarification. Chest. 2010 Aug;138(2):251-6. 
68. Mosca M, Tani C, Bombardieri S. Undifferentiated connective tissue diseases (UCTD) : a new 
frontier for rheumatology. Best Practice & Research Clinical Rheumatology. 2007;21(6):1011-23 . 
69. Bodo lay E, Csiki Z, Szekanecz Z, BenT, Kiss E, Zeher M, et al. Five-year follow-up of 665 
Hungarian patients with undifferentiated connective tissue disease (UCTD). Clin Exp Rheumatol. 2003 
May-Jun;21 (3):313-20. 
70. 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? Am J Respir Crit 
Care Med. 2007 Oct 1;176(7):691-7. 
71. Suda T, Kono M, Nakamura Y, Enomoto N, Kaida Y, Fujisawa T, et al. Distinct prognosis of 
idiopathic nonspecific interstitial pneumonia (NSIP) fulfilling criteria for undifferentiated connective tissue 
disease (UCTD). RespirMed. 2010 Oct;104(10):1527-34. 
72. Dickey BF, Myers AR. Pulmonary disease in polymyositis/dermatomyositis. Semin Arthritis 
Rheum. 1984 Aug;14(1):60-76. 
73. Staples PJ, Gerding DN, Decker JL, Gordon RS, Jr. Incidence of infection in systemic lupus 
erythematosus. Arthritis Rheum. 1974 Jan-Feb;17(1):1-10. 
74. Kowal-Bielecka 0, Kowal K, Chyczewska E. Utility ofbronchoalveolar lavage in evaluation of 
patients with connective tissue diseases. Clin Chest Med. 2010 Sep;31(3):423-31. 
75. Schwab EP, Schumacher HR, Jr., Freundlich B, Callegari PE. Pulmonary alveolar hemorrhage in 
systemic lupus erythematosus. Semin Arthritis Rheum. 1993 Aug;23(1):8-15. 
76. Rojas-Serrano J, Pedroza J, Regalado J, Robledo J, Reyes E, Sifuentes-Osornio J, et al. High 
prevalence of infections in patients with systemic lupus erythematosus and pulmonary haemorrhage. 
Lupus. 2008 Apr;17(4):295-9. 
77. Cannon GW. Methotrexate pulmonary toxicity. Rheum Dis Clin North Am. 1997 Nov;23(4):917-
37. 
78. Zisman DA, McCune WJ, Tino G, Lynch JP, 3rd. Drug-induced pneumonitis: the role of 
methotrexate. Sarcoidosis Vase Diffuse Lung Dis. 2001 Oct;18(3):243-52. 



79. Hatron PY, Wallaert B, Gosset D, Tonnel AB, Gosselin B, Voisin C, et al. Subclinical lung 
inflammation in primary Sjogren's syndrome. Relationship between bronchoalveolar lavage cellular 
analysis findings and characteristics of the disease. Arthritis Rheum. 1987 Nov;30(11 ): 1226-31. 
80. Garcia JG, Parhami N, Killam D, Garcia PL, Keogh BA. Bronchoalveolar lavage fluid evaluation 
in rheumatoid arthritis. Am Rev Respir Dis. 1986 Mar;133(3):450-4. 
81. Daniil ZD, Gilchrist FC, Nicholson AG, Hansell DM, Harris J, Colby TV, et al. A histologic 
pattern of nonspecific interstitial pneumonia is associated with a better prognosis than usual interstitial 
pneumonia in patients with cryptogenic fibrosing alveolitis. Am J Respir Crit Care Med. 1999 
Sep; 160(3):899-905. 
82. Bjoraker JA, Ryu JH, Edwin MK, Myers JL, Tazelaar HD, Schroeder DR, et al. Prognostic 
significance of histopathologic subsets in idiopathic pulmonary fibrosis. Am J Respir Crit Care Med. 1998 
Jan; 157(1): 199-203. 
83 . Veraldi KL, Hsu E, Feghali-Bostwick CA. Pathogenesis of pulmonary fibrosis in systemic 
sclerosis: lessons from interstitial lung disease. Curr Rheumatol Rep. 2010 Feb;12(1):19-25. 
84. Homer RJ, Herzog EL. Recent advances in pulmonary fibrosis: implications for scleroderma. Curr 
Opin Rheumatol. 2010 Nov;22(6):683-9. 
85 . Strieter RM, Mehrad B. New mechanisms of pulmonary fibrosis. Chest. 2009 Nov;136(5):1364-
70. 
86. Lara AR, Schwarz MI. Diffuse alveolar hemorrhage. Chest. 2010 May;137(5): 1164-71. 
87. de Lauretis A, Veeraraghavan S, Renzoni E. Review series: Aspects of interstitial lung disease: 
connective tissue disease-associated interstitial lung disease: how does it differ from IPF? How should the 
clinical approach differ? Chron Respir Dis. 2011 ;8(1):53-82. 
88. Dalvi V, Gonzalez EB, Lovett L. Lymphocytic interstitial pneumonitis (LIP) in Sjogren's 
syndrome: a case report and a review of the literature. Clin Rheumatol. 2007 Aug;26(8):1339-43. 
89. Drakopanagiotakis F, Polychronopoulos V, Judson MA. Organizing pneumonia. Am J Med Sci. 
2008 Jan;335(1):34-9. 
90. Drent M, du Bois RM, Poletti V. Recent advances in the diagnosis and management of 
nonspecific interstitial pneumonia. Curr Opin Pulm Med. 2003 Sep;9(5):411-7. 
91. Granel B, Chevillard C, Dessein A [Interleukin 13 and interleukin 13 receptor involvement in 
systemic sclerosis]. Rev Med Interne. 2007 Sep;28(9) :613-22. 
92. Luzina IG, Todd NW, Iacono AT, Atamas SP. Roles ofT lymphocytes in pulmonary fibrosis . J 
Leukoc Biol. 2008 Feb;83(2):237-44. 
93. Harrison NK, Myers AR, Corrin B, Soosay G, Dewar A, Black CM, et al. Structural features of 
interstitial lung disease in systemic sclerosis. Am Rev Respir Dis. 1991 Sep;144(3 Pt 1):706-13 . 
94. Wells AU, Lorimer S, Majumdar S, Harrison NK, Corrin B, Black CM, et al. Fibrosing alveolitis 
in systemic sclerosis: increase in memory T -cells in lung interstitium. Eur Respir J. 1995 Feb;8(2):266-71. 
95 . Atamas SP, Luzina IG, Dai H, Wilt SG, White B. Synergy between CD40 ligation and IL-4 on 
fibroblast proliferation involves IL-4 receptor signaling. J Immunol. 2002 Feb 1; 168(3): 1139-45. 
96. Atamas SP, White B. The role of chemokines in the pathogenesis of scleroderma. Curr Opin 
Rheumatol. 2003 Nov;15(6):772-7. 
97. Atamas SP, White B. Cytokine regulation of pulmonary fibrosis in scleroderma. Cytokine Growth 
Factor Rev. 2003 Dec;14(6):537-50. 
98. Luzina IG, Atamas SP, WiseR, Wigley FM, Choi J, Xiao HQ, et al. Occurrence of an activated, 
profibrotic pattern of gene expression in lung CD8+ T cells from scleroderma patients. Arthritis Rheum. 
2003 Aug;48(8):2262-74. 
99. Ishida Y, Kimura A, Kondo T, Hayashi T, Ueno M, Takakura N, et al. Essential roles of the CC 
chemokine ligand 3-CC chemokine receptor 5 axis in bleomycin-induced pulmonary fibrosis through 
regulation of macrophage and fibrocyte infiltration. Am J Pathol. 2007 Mar;170(3):843-54. 
100. Prasse A, Pechkovsky DV, Toews GB, Schafer M, Eggeling S, Ludwig C, et al. CCL18 as an 
indicator of pulmonary fibrotic activity in idiopathic interstitial pneumonias and systemic sclerosis. 
Arthritis Rheum. 2007 May;56(5): 1685-93. 
101 . Luzina IG, Papadimitriou JC, Anderson R, Pochetuhen K, Atamas SP. Induction of prolonged 
infiltration ofT lymphocytes and transient T lymphocyte-dependent collagen deposition in mouse lungs 
following adenoviral gene transfer ofCCL18. Arthritis Rheum. 2006 Aug;54(8):2643 -55. 



102. Daoussis D, Liossis SN, Tsamandas AC, Ka1ogeropou1ou C, Kazantzi A, Sirinian C, eta!. 
Experience with rituximab in scleroderma: results from a 1-year, proof-of-principle study. Rheumatology 
(Oxford) . 2010 Feb;49(2):271-80. 
103. AuK, Khanna D, Clements PJ, Furst DE, Tashkin DP. Current concepts in disease-modifying 
therapy for systemic sclerosis-associated interstitial lung disease: lessons from clinical trials. Curr 
Rheumatol Rep. 2009 Apr;11(2):111-9 . 
104. Goldin J, ElashoffR, Kim HJ, Yan X, Lynch D, Strollo D, eta!. Treatment of scleroderma-
interstitial lung disease with cyclophosphamide is associated with less progressive fibrosis on serial 
thoracic high-resolution CT scan than placebo: findings from the scleroderma lung study. Chest. 2009 
Nov; 136(5): 1333-40. 
105. Berezne A, Ranque B, Valeyre D, Brauner M, Allanore Y, Launay D, eta!. 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. J Rheumatol. 2008 
Jun;35(6): 1064-72. 
106. Dheda K, Lalloo UG, Cassim B, Mody GM. Experience with azathioprine in systemic sclerosis 
associated with interstitial lung disease. Clin Rheumatol. 2004 Aug;23(4):306-9. 
107. Wilkes MR, Sereika SM, Fertig N, Lucas MR, Oddis CV. Treatment of antisynthetase-associated 
interstitial lung disease with tacrolimus. Arthritis Rheum. 2005 Aug;52(8):2439-46. 
108. Steen VD, Lanz JK, Jr., Conte C, Owens GR, Medsger T A, Jr. Therapy for severe interstitial lung 
disease in systemic sclerosis. A retrospective study. Arthritis Rheum. 1994 Sep;37(9): 1290-6. 
109. Akesson A, Scheja A, Lundin A, Wollheim FA. Improved pulmonary function in systemic 
sclerosis after treatment with cyclophosphamide. Arthritis Rheum. 1994 May;37(5):729-35. 
110. White B, Moore WC, Wigley FM, Xiao HQ, Wise RA. Cyclophosphamide is associated with 
pulmonary function and survival benefit in patients with scleroderma and alveolitis. Ann Intern Med. 2000 
Jun 20;132(12):947-54. 
111. Tashkin DP, ElashoffR, Clements PJ, Goldin J; Roth MD, Furst DE, eta!. Cyclophosphamide 
versus placebo in scleroderma lung disease. N Engl J Med. 2006 Jun 22;354(25):2655-66. 
112. Gerbino AJ, Goss CH, Molitor JA. Effect ofmycophenolate mofetil on pulmonary function in 
scleroderma-associated interstitial lung disease. Chest. 2008 Feb;133(2):455-60. 
113 . Zamora AC, Wolters PJ, Collard HR, Connolly MK, Elicker BM, Webb WR, eta!. Use of 
mycophenolate mofetil to treat scleroderma-associated interstitial lung disease. Respir Med. 2008 
Jan; 1 02(1): 150-5. 
114. Swigris JJ, Olson AL, Fischer A, Lynch DA, Cosgrove GP, Frankel SK, eta!. Mycophenolate 
mofetil is safe, well tolerated, and preserves lung function in patients with connective tissue disease-related 
interstitial lung disease. Chest. 2006 Jul; 130(1 ):30-6. 
115. Saketkoo LA, Espinoza LR. Experience ofmycophenolate mofetil in 10 patients with 
autoimmune-related interstitial lung disease demonstrates promising effects. Am J Med Sci. 2009 
May;337(5):329-35. 
116. Fuschiotti P. CDS(+) T cells in systemic sclerosis. Immunol Res . 2011 Jun 30. 
117. Roos N, Poulalhon N, Farge D, Madelaine I, Mauviel A, Verrecchia F. In vitro evidence for a 
direct antifibrotic role of the immunosuppressive drug mycophenolate mofetil. J Pharmacal Exp Ther. 2007 
May;321(2):583-9. 
118. Azuma A, Nukiwa T, Tsuboi E, Suga M, Abe S, Nakata K, eta!. Double-blind, placebo-controlled 
trial ofpirfenidone in patients with idiopathic pulmonary fibrosis . Am J Respir Crit Care Med. 2005 May 
1; 171 (9): 1040-7. 
119. Hasegawa T, Tango T. Permutation test following covariate-adaptive randomization in 
randomized controlled trials. J Biopharm Stat. 2009; 19(1 ): 106-19. 
120. Oddis CV, Sciurba FC, Elmagd KA, Starzl TE. Tacrolimus in refractory polymyositis with 
interstitial lung disease. Lancet. 1999 May 22;353(9166):1762-3. 
121. Sisson TH, Mendez M, Choi K, Subbotina N, Courey A, Cunningham A, eta!. Targeted injury of 
type II alveolar epithelial cells induces pulmonary fibrosis. Am J Respir Crit Care Med. 2010 Feb 
1; 181 (3 ):254-63. 
122. Garcia CK. Idiopathic pulmonary fibrosis: update on genetic discoveries. Proc Am Thorac Soc. 
2011 May;8(2):158-62. 



123. Mahavadi P, Korfei M, Henneke I, Liebisch G, Schmitz G, Gochuico BR, et al. Epithelial stress 
and apoptosis underlie Hermansky-Pudlak syndrome-associated interstitial pneumonia. Am J Respir Crit 
Care Med. 2010 Jul15 ;182(2):207-19. 
124. Garcia CK, Wright WE, Shay JW. Human diseases oftelomerase dysfunction: insights into tissue 
aging. Nucleic Acids Res. 2007;35(22):7406-16. 
125. Diaz de Leon A, Cronkhite JT, Katzenstein AL, Godwin JD, Raghu G, Glazer CS, et al. Telomere 
lengths, pulmonary fibrosis and telomerase (TERT) mutations. PLoS One. 2010;5(5):e10680. 
126. Cronkhite JT, Xing C, Raghu G, Chin KM, Torres F, Rosenblatt RL, et al. Telomere shortening in 
familial and sporadic pulmonary fibrosis. Am J Respir Crit Care Med. 2008 Oct 1 ;178(7):729-37. 
127. Tarhan F, Vural F, Kosova B, Aksu K, Cogulu 0, Keser G, et al. Telomerase activity in 
connective tissue diseases: elevated in rheumatoid arthritis, but markedly decreased in systemic sclerosis. 
Rheumatol Int. 2008 Apr;28(6):579-83. 
128. ARTLETT CM, BLACK CM, BRIGGS DC, STEVENS CO, WELSH K.I. TELOMERE 
REDUCTION IN SCLERODERMA PATIENTS: A POSSIBLE CAUSE FOR CHROMOSOMAL 
INSTABILITY. Rheumatology. 1996 August 1, 1996;35(8):732-7. 
129. Liakouli V, Manetti M, Pacini A, Tolusso B, Fatini C, Toscano A, et al. The - 670G>A 
polymorphism in the F AS gene promoter region influences the susceptibility to systemic sclerosis. Annals 
of the Rheumatic Diseases. 2009 April1, 2009;68(4):584-90. 
130. Broen J, Gourh P, Rueda B, Coenen M, Mayes M, Martin J, et al. The FAS -670A>G 
polymorphism influences susceptibility to systemic sclerosis phenotypes. Arthritis Rheum. 2009 
Dec;60(12):3815-20. 
131. Herrera-Esparza R, Herrera-van-Oostdam D, Lopez-Robles E, Avalos-Diaz E. The role of 
apoptosis in autoantibody production. Reumatismo. 2007 Apr-Jun;59(2):87-99. 
132. Liphaus BL, Kiss MH. The role of apoptosis proteins and complement components in the 
etiopathogenesis of systemic lupus erythematosus. Clinics (Sao Paulo). 2010 Mar;65(3):327-33. 
133. Viorritto IC, Nikolov NP, Siegel RM. Autoimmunity versus tolerance: can dying cells tip the 
balance? Clin lmmunol. 2007 Feb;122(2):125-34. 
134. Medeiros AI, Serezani CH, Lee SP, Peters-Golden M. Efferocytosis impairs pulmonary 
macrophage and lung antibacterial function via PGE2/EP2 signaling. J Exp Med. 2009 Jan 16;206(1):61-8. 
135. Varga J, Abraham D. Systemic sclerosis: a prototypic multisystem fibrotic disorder. J Clin Invest. 
2007 Mar;117(3):557-67. 
136. Herzog EL, Bucala R. Fibrocytes in health and disease. Exp Hematol. 2010 Jul;38(7):548-56. 
13 7. Mehrad B, Burdick MD, Strieter RM. Fibrocyte CXCR4 regulation as a therapeutic target in 
pulmonary fibrosis. Int J Biochem Cell Biol. 2009 Aug-Sep;41(8-9):1708-18. 
138. Mathai SK, Gulati M, Peng X, Russell TR, Shaw AC, Rubinowitz AN, et al. Circulating 
monocytes from systemic sclerosis patients with interstitial lung disease show an enhanced pro fibrotic 
phenotype. Lab Invest. 2010 Jun;90(6):812-23. 
13 9. Clozel M, Salloukh H. Role of endothelin in fibrosis and anti-fibrotic potential of bosentan. Ann 
Med. 2005;37(1):2-12. 
140. Silver RM. Endothelin and scleroderma lung disease. Rheumatology (Oxford). 2008 Oct;47 Suppl 
5:v25-6. 
141. Seibold JR, Denton CP, Furst DE, Guillevin L, Rubin LJ, Wells A, et al. Randomized, 
prospective, placebo-controlled trial ofbosentan in interstitial lung disease secondary to systemic sclerosis. 
Arthritis Rheum. 2010 Jul;62(7):2101-8. 
142. King TE, Jr., Brown KK, Raghu G, duBois RM, Lynch DA, Martinez F, et al. BUILD-3: A 
Randomized, Controlled Trial ofBosentan in Idiopathic Pulmonary Fibrosis. Am J Respir Crit Care Med. 
2011 Jul1;184(1):92-9. 
143. Khoury SJ, Akalin E, Chandraker A, Turka LA, Linsley PS, Sayegh MH, et al. CD28-B7 
costimulatory blockade by CTLA4Ig prevents actively induced experimental autoimmune 

· encephalomyelitis and inhibits Th1 but spares Th2 cytokines in the central nervous system. J lmmunol. 
1995 Nov 15;155(10):4521-4. 
144. Granel B, Chevillard C, Allanore Y, Arnaud V, Cabantous S, Marquet S, et al. Evaluation of 
interleukin 13 polymorphisms in systemic sclerosis. Immunogenetics. 2006 Aug;58(8):693-9. 
145. Spiera RF, Gordon JK, Mersten JN, Magro CM, Mehta M, Wildman HF, et al. Imatinib mesylate 
(Gleevec) in the treatment of diffuse cutaneous systemic sclerosis: results of a 1-year, phase Ila, single-arm, 
open-label clinical trial. Ann Rheum Dis. 2011 Jun;70(6):1003 -9. 



146. Hasegawa M, Fujimoto M, Kikuchi K, Takehara K. Elevated serum levels ofinterleukin 4 (IL-4), 
IL-l 0, and IL-13 in patients with systemic sclerosis. J Rheumatol. 1997 Feb;24(2):328-32. 
147. Wei J, Bhattacharyya S, Varga J. Peroxisome proliferator-activated receptor gamma: innate 
protection from excessive fibrogenesis and potential therapeutic target in systemic sclerosis. Curr Opin 
Rheumatol. 2010 Nov;22(6):671-6. 
148. Ghosh AK, Bhattacharyya S, Lakos G, Chen SJ, Mori Y, Varga J. Disruption of transforming 
growth factor beta signaling and profibrotic responses in normal skin fibroblasts by peroxisome 
proliferator-activated receptor gamma. Arthritis Rheum. 2004 Apr; 50( 4 ): 1305-18. 
149. Wei J, Ghosh AK, Sargent JL, Komura K, Wu M, Huang QQ, et al. PP ARgamma downregulation 
by TGFss in fibroblast and impaired expression and function in systemic sclerosis: a novel mechanism for 
progressive fibrogenesis . PLoS One. 2010;5(ll):e13778. 
150. Milam JE, Keshamouni VG, Phan SH, HuB, Gangireddy SR, Hogaboam CM, et al. PPAR-
gamma agonists inhibit profibrotic phenotypes in human lung fibroblasts and bleomycin-induced 
pulmonary fibrosis . Am J Physiol Lung Cell Mol Physiol. 2008 May;294(5):L891-901. 
151. Simms RW, Kom JH. Cytokine directed therapy in scleroderma: rationale, current status, and the 
future. Curr Opin Rheumatol. 2002 Nov;l4(6):717-22. 
152. Hancock A, Armstrong L, Gama R, Millar A. Production of interleukin 13 by alveolar 
macrophages from normal and fibrotic lung. Am J Respir Cell Mol Biol. 1998 Jan;18(1) :60-5. 
153. Ingram JL, Rice AB, Geisenhoffer K, Madtes DK, Bonner JC. IL-13 and IL-l beta promote lung 
fibroblast growth through coordinated up-regulation ofPDGF-AA and PDGF-Ralpha. FASEB J. 2004 
Jul;l8(10):1132-4. 
154. Efthimiou P, Kukar M, Hersh A. Rituximab and lupus interstitial lung disease: friend or foe? Int J 
Rheum Dis. 2011 Feb;l4(l):e3-4. 
155. Haroon M, McLaughlin P, Henry M, Harney S. Cyclophosphamide-refractory scleroderma-
associated interstitial lung disease: remarkable clinical and radiological response to a single course of 
rituximab combined with high-dose corticosteroids. Ther Adv Respir Dis. 2011 May 18. 
156. McGonagle D, Tan AL, Madden J, Rawstron AC, Rehman A, Emery P, et al. Successful treatment 
of resistant scleroderma-associated interstitial lung disease with rituximab. Rheumatology (Oxford). 2008 
Apr;47(4):552-3. 
157. Panopoulos ST, Sfikakis PP. Biological treatments and connective tissue disease associated 
interstitial lung disease. Curr Opin Pulm Med. 2011 May 19. 
158. Sem M, Molberg 0, Lund MB, Gran JT. Rituximab treatment of the anti-synthetase syndrome: a 
retrospective case series. Rheumatology (Oxford). 2009 Aug;48(8):968-71. 
159. Yoo WH. Successful treatment of steroid and cyclophosphamide-resistant diffuse scleroderma-
associated interstitial lung disease with rituximab. Rheumatol Int. 2010 Jan 8. 
160. Lim SW, Gillis D, Smith W, Hissaria P, Greville H, Peh CA. Rituximab use in systemic lupus 
erythematosus pneumonitis and a review of current reports. Intern Med J. 2006 Apr;36( 4 ):260-2. 
161. Kishi J, Nanki T, Watanabe K, Takamura A, Miyasaka N. A case ofrituximab-induced interstitial 
pneumonitis observed in systemic lupus erythematosus. Rheumatology (Oxford). 2009 Apr;48(4):447-8. 
162. Perez-Alvarez R, Perez-de-Lis M, Diaz-Lagares C, Pego-Reigosa JM, Retamozo S, Bove A, et al. 
Interstitial Lung Disease Induced or Exacerbated by TNF-Targeted Therapies: Analysis of 122 Cases. 
Semin Arthritis Rheum. 2011 Jan 28. 
163. Ramos-Casals M, Roberto Perez A, Diaz-Lagares C, Cuadrado MJ, Khamashta MA. Autoimmune 
diseases induced by biological agents: a double-edged sword? Autoimmun Rev. 2010 Jan;9(3):188-93. 
164. Raghu G. The role of gastroesophageal reflux in idiopathic pulmonary fibrosis. Am J Med. 2003 
Aug 18;115 Suppl3A:60S-4S. 
165. Christmann RB, Wells AU, Capelozzi VL, Silver RM. Gastroesophageal reflux incites interstitial 
lung disease in systemic sclerosis: clinical, radiologic, histopathologic, and treatment evidence. Semin 
Arthritis Rheum. 2010 Dec;40(3):241-9. 
166. 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 guidelines for diagnosis 
and management. Am J Respir Crit Care Med. 2011 Mar 15;183(6):788-824. 
167. Salvioli B, Belmonte G, Stanghellini V, Baldi E, Fasano L, Pacilli AM, et al. Gastro-oesophageal 
reflux and interstitial lung disease. Dig Liver Dis. 2006 Dec;38(12):879-84. 



168. Soares RV, Forsythe A, Hogarth K, Sweiss NJ, Noth I, Patti MG. Interstitial lung disease and 
gastroesophageal reflux disease: key role of esophageal function tests in the diagnosis and treatment. Arq 
Gastroenterol. 2011 Jun;48(2):91-7. 
169. Scriabine A, Rabin DU. New developments in the therapy of pulmonary fibrosis. Adv Pharmacol. 
2009;57:419-64. 
170. Demedts M, Behr J, Buhl R, Costabel U, Dekhuijzen R, Jansen HM, et al. High-Dose 
Acetylcysteine in Idiopathic Pulmonary Fibrosis. New England Journal of Medicine. 2005;353(21):2229-
42. 
171. Behr J, Demedts M, Buhl R, Costabel U, Dekhuijzen RP, Jansen HM, et al. Lung function in 
idiopathic pulmonary fibrosis--extended analyses of the IFIGENIA trial. Respir Res . 2009; 10: 101. 
172. Radomska-Lesniewska DM, Skopinska-Rozewska E, Jankowska-Steifer E, Sobiecka M, 
Sadowska AM, Hevelke A, et al. N-acetylcysteine inhibits IL-8 and MMP-9 release and ICAM-1 
expression by bronchoalveolar cells from interstitial lung disease patients. Pharmacol Rep. 2010 Jan
Feb;62(1 ): 131-8. 
173. Sugiura H, Ichikawa T, Liu X, Kobayashi T, Wang XQ, Kawasaki S, et al. N-acetyl-L-cysteine 
inhibits TGF-beta1-induced profibrotic responses in fibroblasts. Pulm Pharmacol Ther. 2009 
Dec;22( 6) :487-91. 
174. Felton VM, Borok Z, Willis BC. N-acetylcysteine inhibits alveolar epithelial-mesenchymal 
transition. Am J Physiol Lung Cell Mol Physiol. 2009 Nov;297(5):L805-12. 
175. Meyer A, Buhl R, Magnussen H. The effect of oral N-acetylcysteine on lung glutathione levels in 
idiopathic pulmonary fibrosis. Eur Respir J. 1994 Mar;7(3):431-6. 
176. Schachna L, Medsger TA, Dauber JH, Wigley FM, Braunstein NA, White B, et al. Lung 
transplantation in scleroderma compared with idiopathic pulmonary fibrosis and idiopathic pulmonary 
arterial hypertension. Arthritis & Rheumatism. 2006;54(12):3954-61. 
177. Massad M, Powell C, Kpodonu J, Tshibaka C, Hanhan Z, Snow N, et al. Outcomes of Lung 
Transplantation in Patients with Scleroderma. World Journal of Surgery. 2005;29(11):1510-5. 
178. Altman RD, Medsger TA, Jr., Bloch DA, Michel BA. Predictors of survival in systemic sclerosis 
(scleroderma). Arthritis Rheum. 1991 Apr;34(4):403-13. 
179. Al-Dhaher FF, Pope JE, Ouimet JM. Determinants of morbidity and mortality of systemic 
sclerosis in Canada. Sernin Arthritis Rheum. 2010 Feb;39(4):269-77. 
180. Tazelaar HD, Viggiano RW, Pickers gill J, Colby TV. Interstitial lung disease in polymyositis and 
dermatomyositis. Clinical features and prognosis as correlated with histologic findings. Am Rev Respir 
Dis. 1990 Mar;141(3):727-33. 
181 . Kocheril SV, Appleton BE, Somers EC, Kazerooni EA, Flaherty KR, Martinez FJ, et al. 
Comparison of disease progression and mortality of connective tissue disease-related interstitial lung 
disease and idiopathic interstitial pneumonia. Arthritis Rheum. 2005 Aug 15;53(4):549-57. 
182. McLaughlin V, Humbert M, Coghlan G, Nash P, Steen V. Pulmonary arterial hypertension: the 
most devastating vascular complication of systemic sclerosis. Rheumatology (Oxford). 2009 Jun;48 Suppl 
3 :iii25-31. 
183 . Johnson SR, Swiston JR, Granton JT. Prognostic factors for survival in scleroderma associated 
pulmonary arterial hypertension. J Rheumatol. 2008 Aug;35(8): 1584-90. 
184. Park JH, Kim DS, Park IN, Jang SJ, Kitaichi M, Nicholson AG, et al. Prognosis of fibrotic 
interstitial pneumonia: idiopathic versus collagen vascular disease-related subtypes. Am J Respir Crit Care 
Med. 2007 Apr 1;175(7):705-11. 
185 . Enomoto N, Suda T, Kato M, Kaida Y, Nakamura Y, Imokawa S, et al. Quantitative analysis of 
fibroblastic foci in usual interstitial pneumonia. Chest. 2006 Jul;130(1):22-9. 
186. Flaherty KR, Colby TV, Travis WD, Toews GB, Mumford J, Murray S, et al. Fibroblastic foci in 
usual interstitial pneumonia: idiopathic versus collagen vascular disease. Am J Respir Crit Care Med. 2003 
May 15;167(10):1410-5 . 
187. Douglas WW, Tazelaar HD, Hartman TE, Hartman RP, Decker PA, Schroeder DR, et al. 
Polymyositis-dermatomyositis-associated interstitial lung disease. Am J Respir Crit Care Med. 2001 Oct 
1;164(7):1182-5. 
188. Drakopanagiotakis F, Paschalaki K, Abu-Hijleh M, Aswad B, Karagianidis N, Kastanakis E, et al. 
Cryptogenic and secondary organizing pneumonia: clinical presentation, radiographic findings, treatment 
response, and prognosis. Chest. 2011 Apr;139(4):893-900. 


