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Abstract
The lung is one of the most common extra-muscular targets in idiopathic inflammatory
myopathies (IIM) and interstitial lung disease (ILD) is a prevalent and often devastating
manifestation of IIM. IIM-associated ILD (IIM-ILD) contributes to nearly 80% of the mortality in
IIM with a reported prevalence of 65% of newly diagnosed IIM cases. Although ILD frequently
accompanies clinical and laboratory findings of myositis, overt signs of muscle disease may be
absent in the setting of significant lung disease. Understanding the varied scope of presentation of
these diseases is essential to providing optimal patient care. This review will provide an in depth
examination of ILD in IIM both from a rheumatologic and pulmonary perspective and will discuss
the scope of disease, presenting features, genetic associations, pathogenesis, diagnosis,
radiographic and histopathologic findings, along with biomarker assessment and a rationale for
therapeutic intervention.
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INTRODUCTION
The idiopathic inflammatory myopathies (IIM), commonly termed myositis, are a rare group
of heterogeneous connective tissue diseases (CTD) affecting skeletal muscle and other organ
systems. Subsets of IIM are clinically and pathologically assigned to one of three general
subcategories: polymyositis (PM), dermatomyositis (DM) and inclusion body myositis
(IBM). Some experts would include Amyopathic Dermatomyositis (ADM), skin findings
consistent with DM but without muscle involvement, as a potentially distinct category.
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Juvenile dermatomyositis (JDM) occurs most commonly in the pediatric population, while
IBM characteristically affects individuals older than 50 years of age and has not been
reported in children.

Myositis is chronic and, if left untreated, is progressive and associated with significant
morbidity and mortality. Physical disability, pulmonary compromise, cardiovascular disease
and infection have the greatest impact on health and survival. Depending on the organ
system(s) involved, myositis may present in many ways. Proximal muscle weakness
predominates and may be accompanied by any one of several features including
characteristic skin rashes (in DM), Raynaud’s phenomenon, polyarthritis, pulmonary
involvement and dysphagia (pharyngeal involvement). Muscle enzymes are frequently
elevated, including creatine kinase (CK), aldolase, aspartate aminotransferase (AST),
alanine aminotransferase (ALT) and lactic acid dehydrogenase (LDH); however, some DM
patients with active myositis present with normal muscle enzymes.

Other than skin involvement, the lung is the most common extra-muscular target in IIM. The
first case of IIM-associated interstitial lung disease (ILD) was reported in 1956 in a DM
patient [1]. Since this initial description, ILD has been increasingly recognized as an
important and often devastating manifestation of IIM. IIM-associated ILD (IIM-ILD) has a
reported prevalence of 78% in IIM [2], and is found in 65% of newly diagnosed IIM cases
[3]. Because ILD appears to be restricted to subsets of DM and PM rather then IBM, this
review will focus on the pulmonary manifestations of PM/DM--including the scope of
disease, presenting features, pathogenesis, diagnosis, radiographic findings, biomarker
assessment, and therapeutic rationale.

Of note, patients with mild to life-threatening ILD may have minimal, non-existent or late
onset myositis or skin disease, and the lack of correlation between muscle disease and
pulmonary symptoms often leads to delayed diagnosis and a compromised therapeutic
response [4–7]. Yet, the coexistence of pulmonary and rheumatologic features in IIM
warrants close collaboration between pulmonologists, rheumatologists and dermatologists.
We therefore advocate that, even in the absence of overt rheumatologic disease, consultation
with a rheumatology specialist might be considered in all patients with “idiopathic” ILD. By
extension, a high index of suspicion for subclinical CTD amongst patients presenting with
pneumonitis must be maintained among pulmonary specialists [8–11].

EPIDEMIOLOGY
The frequency of parenchymal pulmonary involvement has been reviewed in many studies,
both retrospective and prospective [12]. These estimates have varied widely and range from
20–86% [13–15]. Prospective studies using sensitive screening techniques such as high
resolution computed tomography (HRCT) frequently identify ILD as an early manifestation
of PM/DM in which up to 78 % of patients may present with some degree of interstitial lung
involvement (18% of which is occult) [2].

While ILD appears to occur with a similar incidence in both PM and DM, there has been a
suggestion that DM-ILD and ADM-ILD have a more severe course and are more likely than
PM-ILD to be associated with diffuse alveolar damage (DAD) [5, 16–21]. DM-ILD may
also be more refractory to corticosteroid treatment, with a poorer prognosis and worse
survival than PM-ILD [22]. In contrast to adult PM and DM, pulmonary disease in JDM is
rare [23], though it may be under-recognized [24, 25].

In general, the epidemiology of ILD associated with CTD presents a number of complex
questions. A significant potential confounder is that ILD may be caused by CTD as well as
by the immunosuppressive medications used to treat it. This is also true of IIM-ILD, making
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it occasionally difficult to know the relative contribution of disease versus that of
medications used for treatment. Screening with PFTs to assess baseline pulmonary status
prior to initiation of immunosuppressive agents has therefore been suggested as a means to
assess the potential contribution of these agents [26]. It is also important to recognize that a
substantial percentage of IIM patients (up to 69%) can present with lung disease alone [7].

Beyond these issues, ILD occurring in concert with para-neoplastic inflammatory myopathy
is of potential concern. Previous epidemiologic studies have convincingly demonstrated that
incident malignancy occurs more frequently in DM than in the general population, though
the link between PM and malignancy is less well established. IIM-ILD coincident
malignancy is not a usual consideration and has been described as incidental [27–29] and
malignancy is reportedly not associated with ILD in patients with anti-synthetase antibodies
and IIM; however a 15% association was recently identified in a retrospective cohort with
specific antibody combinations [30]. Screening for malignancy in IIM therefore remains
appropriate regardless of the presence of associated ILD.

GENETIC ASSOCIATION
The prevalence of PM and DM is increased in subjects carrying particular HLA Class II
haplotypes that in turn are associated with specific autoantibodies and phenotypic
characteristics [31–33]. Trans-racial gene mapping has shown the greatest linkage to HLA-
DQA1 [33]. Of particular interest are the linked alleles, DRB1*03-DQA1*05-DQB1*02,
which form a haplotype in Caucasian populations that is strongly associated with the
presence of anti-synthetase or anti-PM/Scl antibodies in both DM- and PM-ILD [32]. In
patients with the anti-synthetase syndrome (see below), this haplotype is associated with
poor outcomes [32]. This contrasts with the generally favorable outcome and lack of
significant ILD in patients with anti-Mi-2 autoantibodies frequently associated with the
haplotype DRB1*07-DQA1*02-DQB1*02 [32].

Based on previous studies in myositis that implicate infectious and non-infectious triggers
and the known genetic predisposing factors discussed earlier in subsets of myositis, it is
likely that IIM-ILD has environmental triggers. This may be more likely in certain
autoantibody subsets such as patients with the anti-Jo-1 autoantibody as these individuals
also possess unifying genetic characteristics [34, 35].

PATHOGENESIS
Polymyositis versus Dermatomyositis in Muscle and Lung Disease

Of striking interest, while both PM and DM can share the same repertoire of specific
antibodies and possess similar clinical patterns of muscle involvement, their divergent
muscle histopathology suggests a different immunopathogenesis. PM appears to be a CD8+
predominant T-cell mediated assault on the myofiber, suggesting that the targeted antigen
lies within the muscle surface. This conclusion is supported by the demonstration of clonally
restricted T cell populations invading non-necrotic muscle fibers [36].

In contrast to PM, DM appears to be humorally mediated [37], with B-cells and CD4+ T
cells located in a perivascular pattern leading to a perifascicular atrophy and fibrosis.
Although simple vascular insult may not fully explain the histopathologic abnormalities in
DM muscle tissue, vascular abnormalities appear to contribute to the dermatologic features
of the heliotrope rash and Gottron’s sign and papules. Additionally, DM is characterized by
overexpression of alpha interferon - inducible genes [38]. The importance of these cytokine
pathways is reinforced by the diminished expression of these genes in patients whose
disease improves with immunomosuppressive therapy. Implicating the latter cytokine
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pathway in the pathogenesis of IIM-ILD remains speculative at this point. In contrast, T-cell
activation appears to play a key role in initiating lung damage in the pathogenesis of both
PM and DM-ILD. Bronchoalveolar lavage (BAL) has demonstrated a predominance of T
lymphocytes with a decreased CD4+/CD8+ ratio [36]. Lung biopsy specimens reveal
activated T-cells in the interstitium and within the alveolar walls of even normal appearing
alveoli [39]. Interestingly, studies suggest that Th1- associated cytokines may mediate the
immune response of IIM-ILD, which may distinguish this entity from IPF and scleroderma-
related ILD wherein cytokines appear to be predominantly Th2 associated [40, 41].

Antibodies in IIM and IIM-ILD
Although the pathological mechanisms of muscle injury appear to be different between DM
and PM, both share a repertoire of antibodies associated with unifying extramuscular
manifestations. Numerous unsuccessful attempts have been made to link viral proteins with
the development of IIM and antibody development. Though causative agents have been
elusive, a common pattern in the variable region of T cell receptors has been identified in T
cells found in both lung and muscle of IIM patients with ILD--suggesting shared auto-
antigenic targets in both organs [36].

Providing a potential pathogenic clue, eight antibodies associated with IIM have each been
identified as targeting different aminoacyl tRNA synthetases perhaps interfering with
translation of messenger RNA and protein synthesis. Highly linked to ILD and the
antisynthetase syndrome (see ‘clinical manifestations’ below), these autoantibodies are
collectively referred to as antisynthetase autoantibodies (Table 1). Although different
antisynthetase autoantibodies rarely coexist in the same individual, these antibodies can
occur with other myositis associated autoantibodies that target other autoantigens. Anti-
histidyl tRNA synthetase antibody, often referred to as anti-Jo-1 antibody, is the most
frequently detected antisynthetase autoantibody and is strongly associated with the presence
of ILD in both PM and DM. In one large cohort, ILD was identified in 86% of anti-Jo-1
antibody positive myositis patients [15]. Moreover, in an in vitro study, sera of anti-Jo-1
antibody positive patients with PM or DM induced activation of endothelial cells, suggesting
that this may contribute to systemic organ involvement in the antisynthetase syndrome [42].
The presence of anti-Jo-1 antibodies and ILD have also been associated with elevated levels
of C reactive protein as well as CXCL 9 and CXCL 10 [15], though the specific link to
pulmonary manifestations of the antisynthetase syndrome remains speculative. Like anti-
Jo-1, other antisynthetase antibodies such as anti-PL-12 (anti-alanyl tRNA synthetase) and
anti-PL-7 (anti-threonyl tRNA synthetase) are strongly associated with ILD however,
myositis and arthritis may be less frequent in these patients than in patients with anti-Jo-1
antibody [9, 11, 43].

Anti-Mi-2—Anti-Mi-2 is an antinuclear antibody most closely, but not exclusively,
associated with DM while anti-PM/Scl, an antinucleolar autoantibody, is associated with
patients having an overlap syndrome of both myositis and systemic sclerosis. The
autoantibody against signal recognition particle is associated with a predominantly
necrotizing myopathy in PM and although the occurrence of ILD was greater than 20% in
some studies [44], several series have noted the paucity of ILD associated with this antibody
[45, 46]. Anti-CADM-140 has been identified as a specific antibody in ADM associated with
a rapidly progressive ILD [47].

Antibody Concurrence—As suggested by phenotypic differences, antibodies coexisting
in the sera of patients with DM or PM may play a role in disease pathogenesis. For example,
anti-Ro52/SSA antibody frequently occurs with antisynthetase antibodies (Jo-1, PL-7,
PL-12) and has been associated with particularly severe ILD [48, 49]. The frequency of
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these antibodies occurring together suggests that finding anti-Ro52 antibodies should
prompt investigation for antisynthetase autoanti-bodies and ILD or other features of the
antisynthetase syndrome [50] as this may impact treatment and prognosis [51].

CLINICAL PRESENTATIONS OF IIM-ILD
The breadth of presentation in IIM-ILD ranges from asymptomatic basilar lung fibrosis [2]
to an acute, rapidly progressive process associated with adult respiratory distress syndrome
(ARDS) and respiratory failure [16, 17, 19]. The most common presenting symptoms are
cough and dyspnea; however, IIM-ILD may be associated with asymptomatic lung disease,
as evidenced by the high frequency of radiographically documented ILD [15]. Of clinical
importance, there is no correlation between severity of lung involvement and the degree of
myositis disease activity [7, 19, 52–54], yet, the severity of respiratory symptoms at
presentation appears to correlate with outcome in IIM-ILD [13, 55].

Asymptomatic or Occult ILD
Asymptomatic or occult ILD is identified on plain radiographs or computed tomography of
the chest or with restrictive physiology on pulmonary function testing in patients with IIM
[13]. Although these findings can occur at presentation, they highlight the importance of
continued vigilant assessment to disclose silent but progressive disease. The clinical
presentation of symptomatic IIM-ILD generally follows three patterns [56]:

a. Acute and rapidly progressive ILD - corresponding to ARDS with the
histopathology of diffuse alveolar damage (DAD)

b. Subacute or chronic ILD - corresponding to organizing pneumonia (OP) or an
overlap of OP and nonspecific interstitial pneumonia (NSIP) usually with a good
response to corticosteroids

c. Chronic progressive fibrosing ILD - corresponding to fibrotic NSIP or usual
interstitial pneumonia (UIP) which tends to respond poorly to steroids and other
forms of immunosuppressive therapy

(See below for histopathologic definitions)

Perhaps the most common clinical pattern of IIM-ILD, however, is the gradual progression
of non-productive cough, dyspnea, and decreased functional capacity. Thus, careful
interview and physical examination at presentation are critical in detecting the presence of
early, more treatable stages/forms of lung disease in IIM. At the same time, it is important to
recognize that respiratory symptoms in the setting of IIM may represent non-parenchymal
abnormalities such as infection, chest wall weakness, cardiac dysfunction, hemorrhage,
pneumothorax or pneumomediastinum or pulmonary hypertension. Pleural effusion is
generally not accepted to be associated with IIM and should prompt a search for another
cause.

While many forms of IIM-ILD are associated with a subclinical presentation or relatively
indolent progression, the worst outcomes are associated with an acute, rapidly progressive
presentation characterized by diffuse parenchymal lung involvement in the presence or
absence of active myopathy. The amyopathic form of dermatomyositis (ADM) described
above certainly is associated with lung disease, as ILD has been seen in up to 24% of
patients with this syndrome [52]. Moreover, ILD in ADM is often rapidly progressive [6, 18,
20, 21] and associated with poor survival [5, 18, 20]. Another potential scenario is the
occurrence of overt muscle and/or skin disease several months after the pulmonary
manifestations in IIM or overlap syndromes. Of note, the frequency of malignancy in ADM
is similar to that of DM [53].
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The antisynthetase syndrome is characterized by the presence of any one of several
antisynthetase autoantibodies (perhaps occurring in up to one-third of DM and PM patients)
in combination with fever, Raynaud’s phenomenon, polyarthritis, myositis, ILD and
“mechanic hands” (thickened skin along sides of fingers with dry cracking and fissuring).
ILD often dominates the clinical picture and may be the presenting feature [4, 7, 9, 54] of
the syndrome with the acute onset of fever and respiratory distress in nearly 50% of patients
[7]. Patients with anti-PM-Scl share similar features of the antisynthetase syndrome such as
Raynaud phenomenon, ILD, myositis and even mechanic hands [57, 58].

Acute pulmonary decompensation can occur in any patient with IIM-ILD but is certainly
common with the antisynthetase syndrome whether patients manifest complete forms of the
syndrome or form frustes.

Complications of IIM-ILD
Beyond the underlying immune-mediated insult to the lung parenchyma of ILD, the
following complications may appear in IIM in the presence or absence of ILD.

Chronic Respiratory Insufficiency
Chronic respiratory insufficiency may be the result of permanent damage to the lung
parenchyma as a sequela to fibrosing ILD. Even after disease activity has been staved,
patients may require life-long oxygen supplementation.

Opportunistic Infection
Opportunistic Infection is an important cause of morbidity and mortality (28% mortality in
patients with opportunistic infection in IIM-ILD) [59]. Serious infections occur most
frequently in the first year of diagnosis (62% of patients), but also immediately after IIM
onset (89% of IIM patients) from pulmonary and gastrointestinal organisms. This
complication results from immunosuppressive medications, myopathic hypoventilation with
resultant atelectasis and diminished cough, or aspiration pneumonia secondary to pharyngeal
involvement and dysphagia [59]. ILD, steroid use, and lymphopenia further increase the risk
for opportunistic infections [59–61].

Hypoventilation
Hypoventilation due to decreased diaphragmatic, intercostal, and accessory muscle strength
is seen in the setting of severe muscle weakness. Ventilatory insufficiency is a risk factor for
serious pulmonary infection [59] and a mean inspiratory pressure of less than 40% of normal
is associated with hypercapnia [62] leading to cognitive and further cardiopulmonary and
muscular dysfunction.

Pneumomediastinum
Pneumomediastinum, a rare complication where free air collects around the structures of the
mediastinum, occurs in 15% of patients with IIM-ILD [20, 63]. Pneumomediastinum may be
an early feature of ILD in IIM and can respond to immunosuppressive therapy, but is a poor
prognostic sign with a 25% mortality rate in the context of severe ILD in DM or ADM
especially when associated with ARDS [64].

Aspiration
Aspiration results from the pharyngeal myopathy of IIM and results in chronic
microaspiration of gastric fluids and aspiration pneumonia. On HRCT, aspiration pneumonia
appears as consolidation in dependent areas of lung [65]. Importantly, chronic aspiration and
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gastro-esophageal reflux may exacerbate respiratory symptoms and incite parenchymal
changes [66, 67].

Pulmonary arterial hypertension (PAH) is likely under-recognized, but a serious,
manifestation of IIM that carries a dismal prognosis. It may be secondary to progressive
pulmonary fibrosis with resultant hypoxemic vasoconstriction [68] or mechanistically
similar to primary pulmonary hypertension secondary to a vasculopathy with intimal
disruption [69, 70]. Thus, patients with IIM or IIM-ILD should have an echocardiogram
done for screening purposes. An isolated reduction in the diffusion capacity of the lung for
carbon monoxide (DLCO) without concomitant worsening of forced vital capacity (FVC)
may herald the onset of pulmonary vascular disease. Ultimately, multiple abnormalities in
ILD may lead to precapillary pulmonary hypertension, including vascular inflammation,
perivascular fibrosis, and mechanical or fibrotic vascular destruction with subsequent
compensatory hypertrophy of surrounding ‘healthy’ arterioles [68].

DIAGNOSIS AND DISEASE MONITORING
As previously discussed, establishing a diagnosis of myositis mandates careful assessment
for underlying ILD. However, even though a large percentage of newly diagnosed IIM cases
already present with abnormalities on HRCT or PFTs consistent with ILD and restrictive
physiology, the significance of these findings in the absence of respiratory symptoms is
unknown. As a result, there are no consensus screening guidelines for ILD in patients with
IIM or accepted recommendations for treatment of the asymptomatic patient. Conversely, in
the patient with IIM and symptoms of dyspnea, cough or decreased functional performance,
it is important to obtain a chest radiograph, HRCT of the chest, and PFTs with a
measurement of DLCO. BAL may also be necessary if infection is a consideration and open
lung biopsy should be performed if there is diagnostic uncertainty.

Chest Radiographs
Chest radiographs, although sometimes helpful in screening and interval assessment of
infection and overt ILD, have limited sensitivity and specificity in the diagnosis and follow-
up of ILD. However, HRCT is sensitive and represents the method of choice for the
detection and characterization of ILD. Some investigators believe that suggestive or typical
features of UIP, NSIP or OP on HRCT may obviate the need for an invasive and potentially
harmful surgical lung biopsy [65]. In IIM-ILD, HRCT parenchymal changes are fairly
heterogeneous including basilar and posterior infiltrates, with various patterns that
commonly include consolidation rather than honeycombing in non-septal, linear, plate-like,
and sub-pleural patterns [71]. However, it is not uncommon for consolidation to progress to
frank fibrosis [56].

Histopathologic Patterns
Several histopathologic patterns correlate with HRCT findings and have been described in
IIM-ILD. Although initially described in idiopathic interstitial pneumonia (IIP), they are
also observed in patients with CTD, specifically IIM.

The most common histology in PM/DM is NSIP with a prevalence of approximately 80%
[27, 52, 72]. NSIP is characterized by temporally and geographically homogenous
infiltration of lung interstitium by inflammatory cells, with moderate collagen deposition,
preserved lung architecture, and scarcity of fibroblast foci and histologic honeycombing.
HRCT findings are peripheral ground glass consolidation and non-coarse fibrosis with some
reticularity also representative of fibrosis, and small septal thickening (Fig. 1). Such ground
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glass changes in conjunction with a significant reticular pattern may be more suggestive of
fibrosing NSIP than cellular NSIP.

UIP in contrast to NSIP is predominantly fibrotic, with spatially and temporally
heterogenous collagen deposition within the lung, architectural destruction, fibroblastic foci,
histologic honeycombing, and moderate inflammatory infiltrates. The corresponding HRCT
pattern is that of peripheral and basilar honeycombing as well as diffuse septal thickening
and traction bronchiectasis. UIP, among the idiopathic interstitial pneumonias, has a poorer
prognosis and is less responsive to immunosuppressive treatment than NSIP. However, in
CTD-ILD the outcome of UIP is more favorable, with NSIP and UIP in scleroderma having
seemingly similar outcomes [73, 74], although bias in selecting patients requiring biopsy is
likely. UIP is less common than NSIP in IIM-ILD, while fibrosing NSIP with peripheral
honeycombing occurs more frequently.

DAD is the most rapidly progressive pathologic subset and carries the worst prognosis.
DAD is diffuse interstitial inflammation with edema and hyaline membrane production
ultimately leading to organizing fibrosis. On HRCT, it is diffuse in appearance with ground
glass consolidations and in later stages traction bronchiectasis and honeycombing may
appear. Any initial HRCT pattern can rapidly deteriorate to ARDS and DAD, often leading
to patient demise [16, 75].

OP or Cryptogenic Organizing Pneumonia (COP) is defined by foci of granulation tissue in
alveoli and their ducts which can progress to obstruct the smaller airways. The
histopathologic pattern is somewhat different than that associated with non-IIM-ILD COP,
as the consolidation in IIM-associated COP is more bronchocentric with a greater degree of
fibrosis. The HRCT appearance (Fig. 2) corresponds more closely to a pattern of “fibrosing
OP” with nodular or patchy bilateral infiltrates. This pattern has the most favorable outcome
and is usually very responsive to treatment. Some overlap may occur between NSIP and OP.

Cellular and Tissue Diagnosis
Bronchoscopy—Bronchoscopy and BAL are important diagnostic tools to rule out
infection, malignancy, or drug hypersensitivity as a cause for ILD. These diagnostic
modalities should also be considered in patients with ILD who deteriorate on
immunosuppressive therapy. On the other hand, the cellular profile of the BAL fluid is not
helpful in elucidating parenchymal involvement due to lack of specificity, though findings
may assist in guiding treatment and determining prognosis.

Surgical Lung Biopsy (SLB)—When HRCT, physiologic and clinical findings correlate
with a pattern clearly suggestive of NSIP, SLB may not be necessary for diagnostic
purposes. However, biopsy is an important consideration in patterns marked by considerable
consolidation where malignant or infectious processes are possible.

Transbronchial Lung Biopsy (TBLB)—Transbronchial Lung Biopsy (TBLB) has a low
yield but may be useful in identifying or ruling out infectious processes. The presence and
type of intra-luminal fibrosis found on TBLB in IIM-ILD [76] may be helpful in classifying
the severity, natural history, and therapeutic responsiveness in IIM-ILD. Two patterns of
intraluminal fibrosis representing diverse histopathologic patterns have been identified [76].
The first type is more benign with mild epithelial damage superficial to the alveolar
structure sparing the lung parenchyma with formation of isolated intra-luminal ‘polyps’ or
‘buds’ of granulation tissue occupying the alveolar space without compromise of the
alveolar walls. Although intraalveolar granulation tissue is a key feature of OP that portends
a favorable outcome, sampling error occurs and intraalveolar granulation tissue may
represent an accompanying feature of many processes. The second type of intra-luminal
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fibrosis is defined by alveolar wall compromise and referred to as ‘mural incorporation’
which heralds a more severe course less responsive to corticosteroids and associated with
fibrosing NSIP, and/or UIP.

Physiologic Testing
Pulmonary Function Tests (PFTs)—Pulmonary Function Tests (PFTs) are a relatively
sensitive, but non-specific, diagnostic tool that remain an important component in the
evaluation of respiratory symptoms, pulmonary disease severity, and therapeutic response.
The typical pattern associated with ILD reflects restrictive physiology, with reductions in
total lung capacity (TLC), forced vital capacity (FVC), DLCO (remembering to consider
PAH), forced expiratory volume at 1 second (FEV1), functional residual capacity (FRC),
and residual volume (RV). The FEV1:FVC ratio is typically elevated in IIM-ILD, depending
on the relative severity of ILD. However, PFTs may be normal especially when confounded
by the presence of a concomitant obstructive component due to pulmonary comorbidity
related to smoking.

Distinguishing ILD from Respiratory Muscle Weakness (RMW)—Abnormalities in
FVC, TLC, and FEV1 that suggest ILD can also be due to respiratory muscle weakness,
adding to the challenge of assessing pulmonary disease activity. Some clues on PFTs
suggesting RMW include an increase in RV with a normal FEV1:FVC ratio [62]. Evaluation
of maximal inspiratory pressure at TLC and maximal expiratory pressure at RV will often
distinguish between ILD and RMW [62].

Transdiaphragmatic Pressure Testing—Transdiaphragmatic pressure testing may
distinguish between parenchymal lung disease and occult respiratory muscle weakness that
can confound PFT or six minute walk testing. Another method to assess respiratory muscle
weakness involves gauging positional differences in FVC or chest wall circumference
measured by inspiratory supine and upright spiral CT images. Because the supine position
requires more diaphragmatic strength for inspiration, large positional differences in these
parameters indicate inspiratory muscle weakness [77].

Biomarkers: Krebs von den Lundgen-6 (KL- 6)—Biomarkers, Krebs von den
Lundgen-6 (KL-6) expressed on alveolar cells and cells that constitute the bronchiole lining,
may be a novel serologic marker for ILD. Several studies have identified KL-6 as a useful
biomarker for assessment of disease activity, therapeutic response, and prognosis [78, 79].
In comparison to other experimental serum markers, such as surfactant proteins A and B,
KL-6 correlates better with active ILD [80] but findings have not been validated in non-
Asian populations. Cytokeratin 19 fragments (CK 19), a cellular component of the bronchial
epithelium, are found in proportion to severity of respiratory disease in sera of patients with
non-malignant respiratory diseases including IIM-ILD [78, 81].

CXCL9 and CXCL10—Chemokines induced by interferon-gamma (IFN-γ), and C reactive
protein (CRP) were recently shown to be elevated in anti-Jo-1 antibody positive patients
with ILD, distinguishing this cohort from both IPF and anti-signal recognition particle (anti-
SRP) antibody-associated myositis [15]. However, none of these markers are commercially
available.

In idiopathic ILD, a significant correlation between plasma concentrations of circulating
vascular endothelial growth factor (VEGF) and changes in HRCT and PFTs were noted
over a 6 month period [82]. Although not specifically linked to IIM-ILD, this correlation is
provocative given that VEGF is highly expressed in the muscle tissue of PM/DM patients
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[83]. If future studies substantiate a correlation with IIM-ILD, targeting VEGF could have
therapeutic implications.

Monitoring of Disease Activity—Longitudinal evaluation using PFTs, HRCT as well as
clinical and functional assessments are critical in monitoring disease activity [2]. Six minute
walk testing may not be reliable in patients with myopathy, but patient reported qualifiers,
such as cough, dyspnea, and self report of functional status, may provide a better gauge for
disease activity and sensitivity to change [84].

THERAPEUTICS
There are no approved agents in the treatment of IIM, and this lack of established treatment
regimens extends to IIM-ILD. Nevertheless, corticosteroids remain the cornerstone of early
treatment with initial doses at 1mg/kg of ideal body weight. In an effort to reduce treatment-
related side effects, other immunosuppressive, steroid-sparing agents should be considered
at the outset of therapy - particularly when treating the antisynthetase syndrome and other
severe and progressive manifestations of ILD.

Cyclophosphamide
Cyclophosphamide administered intravenously has demonstrated efficacy in refractory IIM-
ILD in a single, small open label trial [85] where mean FVC improvement was 15%.
Although most patients discontinued oxygen supplementation, only 40% reported
improvement in dyspnea. Cyclophosphamide has also been used in concert with other
immunosuppressive agents in refractory disease [86, 87].

T-Cell Targeted Therapy May Become the Cornerstone
T-cell targeted therapy may become the cornerstone for the treatment of IIM-ILD based on
clinical experience as well as the previously described histopathologic studies demonstrating
the predominance of this cell type in BAL fluid and lung biopsy specimens. Calcineurin
inhibitors such as cyclosporine and tacrolimus (FK506) have demonstrated consistent
efficacy [88–92]. Cyclosporine inhibits interleukin-2 production and T-cell proliferation and
may be an appropriate choice for early, slowly progressive, non-diffuse ILD. Tacrolimus,
100 fold more potent than cyclosporine in inhibiting T-cell activation, was efficacious in
several case series of patients including those refractory to cyclosporine and in patients with
ILD associated with antisynthetase autoantibodies with perhaps a more favorable safety
profile [88, 90–92].

Mycophenolate Mofetil (MMF)
Mycophenolate Mofetil (MMF), an anti-metabolite that targets production of activated
lymphocytes via inactivation of inosine monophosphate dehydrogenase, not only impacts T
cells, but also interferes with fibroblast activity, proliferation, and release of profibrotic
cytokines such as TGF-β [93]. Case series have revealed potential efficacy in reversing
progression or stabilization of disease activity in CTD-ILD including IIM-ILD [94–96].

B-Cell Targeted Therapy
Rituximab has been helpful in both B- and T cell-mediated diseases and has shown efficacy
in refractory IIM and IIM-ILD [97–101]. Ongoing studies of this agent may provide
rationale for its use in the extramuscular complications of IIM including ILD. Further
supporting the role of B cells as potential targets in IIM and IIM-ILD, has been the
demonstration of elevated serum B-cell activating factor (BAFF), also known as B
lymphocyte stimulator (BlyS). These cytokines and APRIL (a proliferation-inducing ligand)
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are necessary for B cell maturation and function. Because levels of BAFF and APRIL are
higher in patients with Jo-1 positive IIM-ILD patients, therapeutic targeting of these B cell
stimulating ligands represents a potential therapeutic approach not yet investigated in
clinical trials [102].

Miscellaneous
Azathioprine is widely used in IIM and IIM-ILD, as is methotrexate despite possible
concern for lung toxicity in underlying ILD, as immunosuppressive and steroid sparing
agents [52]. Intravenous immunoglobulin (IVIG) is regularly employed in the treatment of
refractory IIM and IIM-ILD [103, 104] and its empiric use includes the treatment of
myositis and the skin manifestations of DM. A small retrospective report noted its potential
efficacy in severe, refractory IIM-ILD as salvage therapy [105].

THERAPEUTIC HORIZONS
Anti-Endothelin Receptor Antagonists (ETA)

Endothelin is a potent vasoconstrictor, and mediator of inflammation and fibrosis. ETAs
possess anti-fibrotic properties in lung and other organ tissues that appear to modulate the
activity of other pro-fibrotic molecules such as transforming growth factor-beta (TGF-β),
connective tissue growth factor, angiotensin II, and aldosterone [106, 107]. Some data
suggest that ETAs may stimulate matrix metalloproteinase expression, potentially reversing
early fibrosis [108, 109]. The first BUILD (Bosentan Use in Interstitial Lung Disease) trial,
BUILD-1, examined the efficacy of bosentan in idiopathic pulmonary fibrosis. Favorable
trends in dyspnea, health related quality of life, and delayed time to death, however, were
only found to be significant in the patients who received surgical lung biopsy [108, 110].
While interesting, the applicability of these findings to IIM-ILD remains undefined.

SUPPORTIVE THERAPEUTICS
Supplemental Oxygen

Evaluation for home oxygen use is an important consideration in patients with IIM-ILD.
Given that supplemental oxygen increases functional performance and may provide
hemodynamic support in patients with active or stable disease associated with significant
damage or compromise, patients should be regularly assessed for oxygen requirements
throughout their disease course.

Control of Associated Exacerbating Conditions
Gastroesophageal reflux disease and post-nasal drip likely exacerbate symptoms of ILD and
may lead to worsening parenchymal disease. In our experience, assessing the presence and
severity of these two entities has proven useful in disease management including patient
education on reflux hygiene.

Prophylaxis against Opportunistic Infections
Given the predisposition of patients with IIM to opportunistic infection, screening and
prophylaxis are widely used to limit potentially devastating co-morbidity and mortality. The
need for sulfamethoxazole - trimethoprim prophylaxis or its equivalent should be
individualized for each patient on immunosuppressive regimens including moderate to high
dose corticosteroids [59–61]. Due to anti-microbial properties of MMF, this agent may not
require antibiotic prophylaxis. Screening for tuberculosis exposure with appropriate history
and testing is generally recommended in all patients initiated on immunosuppressive
therapy.
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Vaccination
There is generally a lack of information on the efficacy and safety of vaccines in IIM
patients. However, it is reasonable for IIM-ILD patients to receive the pneumococcal
vaccine every five years as well as yearly influenza A vaccine and the non-live version of
H1N1 as recommended by the Centers for Disease Control. Other non-live vaccines such as
the meningococcal vaccine may also be considered, but live/attenuated vaccines should be
avoided in patients receiving immunosuppressive agents [111].

Pulmonary Rehabilitation
Many patients with markedly improved or stable lung disease may benefit from pulmonary
rehabilitation especially in regard to respiratory muscle strength. Pulmonary rehabilitation
can be tailored to the patients’ performance level with resulting increases in energy and
functional performance.

Transplantation
Preparation for transplantation should be considered in patients with progressive and fibrotic
ILD. Frequently these patients are denied lung transplantation due to the presence of active
muscle disease or other systemic manifestations. Because many of these patients may
ultimately benefit from lung transplantation we propose that potential candidates not be
excluded purely on the basis of extra-pulmonary manifestations.
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Fig. (1).
Nonspecific interstitial pneumonia in a 30-yr old man with dermatomyositis; A, high
resolution computed tomography showing peripheral reticulation, irregular linear opacities,
and mild ground glass opacity; B, C, microscopy of lung biopsy at low (B) and high (C)
magnification showing uniform infiltration of alveolar septa by inflammatory cells and mild
fibrosis (courtesy of Dr. L. Chalabreysse, Lyon).
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Fig. (2).
Organising pneumonia in a 55-year old patient with dermatomyositis and anti-Jo-1
antibodies. High resolution computed tomography of the chest demonstrates areas of
alveolar consolidation with air bronchograms. Video-assisted thoracoscopic lung biopsy
showed histologic pattern of predominant organising pneumonia, with associated features of
nonspecific interstitial pneumonia.
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Table 1

Antibodies in Idiopathic Inflammatory Myopathy

Autoantibodies in IIM

Antisynthetase Autoantibodies

Name Antigen Clinical Manifestation

Jo-1 Histidyl tRNA synthetase PM, DM + ILD

PL-7 Threonyl tRNA synthetase PM, DM + ILD

PL-12 Alanyl tRNA synthetase ILD>Myo

EJ Glycyl tRNA synthetase DM>PM +ILD

OJ Isoleucyl tRNA synthetase ILD+PM/DM

KS Asparaginyl tRNA synthetase ILD>Myo

Zo Phenylalanyl tRNA synthetase ILD+Myo

Ha Tyrosyl tRNA synthetase ILD+Myo

Non-synthetase Autoantibodies

Name Antigen Clinical Manifestation

SRP Signal recognition particle Severe, acute, resistant necrotizing myopathy

Mi-2 DNA helicase Dermatomyositis with rash>muscle symptoms,
treatment responsive

P155/140 Transcriptional Intermediary Factor 1- Gamma
(TIF-γ)

Cancer in adult DM; Severe cutaneous JDM

Anti-CADM 140 Melanoma Differentiation Associated Gene 5
(MDA5)

Amyopathic DM; Rapidly progressive lung disease

P140 kDa Nuclear Matrix Protein NXP-2 JDM

Anti-SAE Small ubitquitin-like Modifier-Activating Enzyme DM

Other Antibodies Associated with IIM

Name Antigen Clinical Manifestation

PM-Scl Unidentified PM or DM/SSc overlap

U1RNP U1 small ribonuclear protein MCTD (overlap syndrome)

Non-U1 snRNPs U2, U4/6, U5, U3 snRNPs PM or DM/SSc overlap or SSc

Ku DNA binding proteins Myo/SSc/SLE overlap

Ro (SSA); includes Ro60 and
Ro52

RNA protein Myositis often with SS or SLE; may be associated with
ILD (esp Ro-52)

56 kD Ribonuclear protein particle Myositis, often with Jo-1

KJ Unidentified translation factor PM, ILD, RP

Fer Elongation factor 1a Myositis

Mas tRNASer binding protien Myositis, rhabdomyolysis, chronic hepatitis

MJ Unidentified nuclear pore JDM

hPMS1 DNA repair Myositis

Abbreviations KEY: PM=polymyositis; DM=dermatomysoitis; ILD= interstitial lung disease; Myo = myositis (may be either PM or DM); SLE=
Systemic lupus erythematosus; SSc = Systemic sclerosis or scleroderma; RP= Raynaud phenomenon; JDM= juvenile dermatomyositis.
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