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ABSTRACT Interstitial lung disease (ILD) can occur in any of the connective tissue diseases (CTD) with
varying frequency and severity, and an overall long-term prognosis that is less severe than that of idiopathic
pulmonary fibrosis (IPF). Because ILD may be the presenting manifestation of CTD and/or the dominant
manifestation of CTD, clinical extra-thoracic manifestations should be systematically considered in the
diagnostic approach of ILD. When present, autoantibodies strongly contribute to the recognition and
classification of the CTD.
Patients with clinical extrathoracic manifestations of CTD and/or autoantibodies (especially with a high
titer and/or the antibody is considered ‘‘highly specific’’ of an autoimmune condition), but who do not fit
with established international CTD criteria may be called undifferentiated CTD or ‘‘lung-dominant CTD’’.
Although it remains to be determined which combination of symptoms and serologic tests best identify the
subset of patients with clinically relevant CTD features, available evidence suggests that such patients may
have distinct clinical and imaging presentation and may portend a distinct clinical course. However,
autoantibodies alone when present in IPF patients do not seem to impact prognosis or management.
Referral to a rheumatologist and multidisciplinary discussion may contribute to management of patients
with undifferentiated CTD.

@ERSpublications
ILD should be classified as undifferentiated connective tissue disease if at least one auto-antibody
and at least one extra-thoracic feature is present http://ow.ly/mMJLW

Introduction
Interstitial lung disease (ILD) can occur in any connective tissue disease (CTD), also referred to as collagen
vascular diseases, with varying frequency and severity [1, 2]. The long-term prognosis of patients with CTDILD has recently been shown to be less severe than that of idiopathic pulmonary fibrosis (IPF) [3, 4].
However, a subset of patients present with symptoms that belong to the spectrum of clinical manifestations
of CTDs and/or biological autoimmune features, but do not fulfil diagnostic criteria for a given
autoimmune disease. Here, we briefly review the clinical relevance of this condition, which has been
tentatively given various terminologies; the most frequently used being that of undifferenciated CTD
(UCTD). This review is a summary of a lecture given during the 5th international meeting on Pulmonary
Rare Diseases and Orphan Drugs, held in Milan, Italy.
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When should CTD be suspected?
CTDs are a heterogeneous spectrum of systemic rheumatologic conditions, which, collectively, are
characterised by systemic organ manifestations and autoimmune manifestations, e.g. presence of autoantibodies. Respiratory manifestations in a patient with CTD should first lead to the consideration of
possible infectious complications, especially in immunocompromised hosts, drug-induced ILD, especially
in patients with rheumatoid arthritis receiving non-steroidal anti-inflammatory drugs or newer biologic
agents, and complications of the CTD with indirect respiratory consequences (e.g. dyspnoea related to renal
heart failure in patients with systemic lupus erythematosus or heart failure in systemic sclerosis) [2].
As ILD may occur in any CTD, clinical manifestations that may be associated with ILD are manifold, and a
thorough analysis of clinical history and symptoms is needed. However, some manifestations are frequently
encountered and should be searched for as a priority during the diagnostic process of a patient presenting
with ILD. Any patient presenting with ILD should be evaluated for the presence of Raynaud’s phenomenon
(with nailfold capillaroscopy indicated when present), skin manifestations, dryness of eyes and mouth, and
joint and muscle symptoms (table 1). Although not exhaustive, focusing on these manifestations is probably
the most time-effective for respiratory physicians.
Systemic manifestations have consistently been shown to have a higher prevalence in female patients and
individuals aged ,50 years [5, 6]. Furthermore, the presence of an underlying CTD is more likely in
patients who have a high-resolution computed tomography (HRCT) pattern of nonspecific interstitial
pneumonia (NSIP), as opposed to those with a pattern of usual interstitial pneumonia (UIP) [5]. A typical
pattern of UIP (e.g. with presence of honeycombing, reticulation with basal and subpleural predominance,
and lack of features suggesting an alternative condition) is less frequent in patients with CTD than in those
with IPF, even in the setting of histologically proven UIP [7]. In addition, some imaging features may
occasionally contribute to suggest the presence of CTD, such as oesophageal dilatation in patients with
systemic sclerosis or pneumomediastinum preferentially encountered in patients with idiopathic
inflammatory myopathy [8]. Coexistence of emphysema characterising the syndrome of combined
pulmonary fibrosis and emphysema is less frequent in patients with CTD than in idiopathic disease [7]; it
may especially occur in patients with rheumatoid arthritis, however, other CTDs may be present including
systemic sclerosis [9].
Similarly, histopathological features may suggest the possibility of CTD, especially the NSIP pattern, which
is the most frequently observed pattern in this setting (with the possible exception of rheumatoid arthritis
that is more frequently associated with the UIP pattern) [3, 10–16]. The histological pattern of UIP is
generally nonspecific and indistinguishable according to the aetiological context (e.g. idiopathic, CTD,
asbestos exposure, drugs, hypersensitivity pneumonitis). However, as compared to patients with IPF, those
with histological UIP in the setting of CTD may have fewer fibroblastic foci, less severe honeycombing,
more prominent lymphoid hyperplasia with germinal centres and more extensive plasmatic infiltration, as
well as extensive pleuritis and dense perivascular collagen accumulation [2, 7, 17]. Histopathogical features
specific of CTD are exceptional and limited to rheumatoid granulomatous inflammation (which can be
observed in the pleura or lung nodules of patients with rheumatoid arthritis). A combination of
TABLE 1 Key symptoms to detect underlying connective tissue disease
Organ

Main manifestations to be evaluated#

Peripheral circulation
Skin

Raynaud’s phenomenon
Sclerodactily
Digital ulcerations or scars
Telangiectasia
Violaceous erythematous rash over the interphalangeal joints, knuckles, elbows and knees
(Gottron’s sign)
Lilaceous rash of the eyelids
Rash of the neck and upper chest and shoulders (heliotrope rash, e.g. photosensitivity)
Mechanics’ hand
Joint pain or swelling (arthritis, arthralgia)
Morning stiffness
Muscle pain and muscle weakness
Dry mouth and dry eyes (sicca syndrome)

Joints
Muscle
Mouth and eyes
#

: this list is not exhaustive.
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histopathological patterns may also suggest an underlying CTD (e.g. the combinations of a UIP pattern with
prominent lymphocytic inflammation and lymphocytic or follicular bronchiolitis are particularly frequent
in patients with rheumatoid arthritis) [1, 18].

Does the diagnosis of established CTD affect prognosis or management?
Although the relative severity of CTD-ILD and IPF has been a matter of debate for many years, it has been
demonstrated recently that patients with IPF have an increased risk of mortality as compared to those with
CTD-ILD. This is based on studies conducted in the community and collectively involving different CTDs
[3, 4], as well as other studies emanating from highly specialised centres and usually focused on one of the
CTDs [19]. This observation holds true when considering individual CTDs, and is only partially attributable
to the higher frequency of the NSIP pattern in this patient population [3]. However, the survival advantage
of CTD-ILD compared to IPF may be less significant in the subset of patients with a typical imaging pattern
of UIP especially in the context of rheumatoid arthritis [15]. Overall, diagnosing an underlying CTD
impacts the long-term prognosis of patients with ILD as compared to the idiopathic disease, and therefore
affects the information delivered to the patient and, potentially, management decisions.
A number of series in the last decade have demonstrated that the histopathological patterns originally
individualised in the idiopathic setting can also occur in the context of CTD with varying frequencies. The
pattern of NSIP is generally the most frequently observed in patients with CTD-ILD, with the notable
exception of a frequent UIP pattern in rheumatoid arthritis [3, 10–13, 15]. A pattern of organising pneumonia
(occasionally overlapping with features of NSIP, especially in patients with idiopathic inflammatory
myopathy) is also frequent. However, it is now agreed by most experts that a lung biopsy is generally not
needed in patients with CTD, especially systemic sclerosis and rheumatoid arthritis. Indeed, the pathologic
pattern observed in CTD does not seem to affect the prognosis and survival as clearly as in the idiopathic
setting. Although patients with idiopathic NSIP [20] or idiopathic desquamative interstitial pneumonia [21]
have a dramatically better long-term survival than those with IPF [22–24], such a difference was not found in
patients with systemic sclerosis or rheumatoid arthritis [3, 10]. Studies correlating the pathological pattern
with outcome all suffer the limitation of a high risk of constitutive selection bias, with lung biopsy being
performed in individuals with the least typical pattern of disease at imaging. Furthermore, results of the lung
biopsy generally do not impact on treatment decisions in the setting of CTD, as corticosteroids and/or
immunosuppressive therapy are considered in most patients with progressive and disabling CTD-ILD in the
absence of contra-indications. There are notable exceptions to this general comment, and video-assisted
surgical lung biopsy may be considered in CTD patients with rare or unusual ILD features at imaging, in cases
in which malignant disease cannot be excluded noninvasively (e.g. lymphoma and/or lymphocytic interstitial
pneumonia in patients with Sjögren’s syndrome), or when the underlying CTD is very poorly characterised
due to limited systemic manifestations especially idiopathic inflammatory myopathy (see later).
Diagnosing CTD may impact on patient management, with more frequent use of corticosteroids and
immunosuppressive therapy [25, 26], and possibly newer biological agents such as rituximab [27]. Beyond
the consequences that diagnosing the underlying CTD may have on managing the ILD, diagnosing a CTD
may directly impact on the information delivered to the patient regarding the potential risk of systemic
manifestations, with further ensuing consequences on the choice of disease modifying drugs or screening for
systemic complications (e.g. screening for pulmonary arterial hypertension in systemic sclerosis).

CTD features may be missed in the diagnostic approach of ILD
Despite practical consequences on the management of both ILD and systemic disease that diagnosing the
underlying CTD may have, studies have shown that this diagnosis may not be made in a proportion of the
patients seen by chest physicians, even in prestigious ILD centres. In a retrospective study at the Johns
Hopkins Centre (Baltimore, MA, USA), 114 out of 160 consecutive patients referred for ILD had at least one
auto-antibody (and no other identified cause of ILD), of whom 34 satisfied international criteria for a welldefined CTD; although half of those already had an established diagnosis of CTD, another half of these
patients had not been previously diagnosed with CTD [28]. Possible reasons as to why the diagnosis of CTD
may be missed in the setting of ILD can be summarised as follows [29].
The respiratory clinical manifestations related to the ILD may precede the systemic symptoms associated
with the underlying CTD. Although exceptional in patients with systemic sclerosis, such chronology of
events is relatively frequent in those with inflammatory idiopathic myopathy [30–32]. In one series of ILD
associated with anti-synthetase antibodies, respiratory manifestations occurred before the onset of muscle
or skin disease in 55% of the patients [32]. Long-term follow-up of patients with NSIP may lead to the
subsequent diagnosis of CTD in a significant proportion of patients [20, 33, 34], suggesting that subtle
extra-thoracic features of systemic disease present at baseline might have been overlooked.
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Identification of the CTD may be difficult when the onset of disease is acute or subacute, as often observed
in inflammatory idiopathic myopathy (especially associated with anti-melanoma differentiation associated
gene (MDA5) antibodies) [35].
Auto-antibodies present may be rare and not systematically tested in all patients presenting with CTD. For
example, anti-PL7 and anti-PL12 t-RNA-synthetase antibodies may be occasionally present and be clinically
relevant in patients with apparently ‘‘idiopathic’’ ILD without antinuclear antibodies or anti-Jo1 antibodies
at autoimmune biology screening tests [36].
The extra-thoracic manifestations of CTD may be subtle to moderate and easily overlooked, especially when
not impairing daily life activities and not fulfilling diagnostic criteria for overt CTD. This condition has
been coined with various terminology (which largely overlap yet do not exactly match), including UCTD,
undifferentiated connective tissue syndromes, early CTD, ‘‘formes frustes’’ of CTD, occult CTD, overlap
CTD, lung-limited CTD and autoimmune-featured ILD.
Referral to a rheumatologist may contribute to the appropriate identification of systemic features in patients
with suspected CTD or UCTD. Some criteria have been suggested by authors to help identify patients who
may be referred to a rheumatologist (table 2) [37]. Multidisciplinary discussion involving pulmonologists
and rheumatologists may significantly contribute to improving management.

Are auto-antibody and/or limited extra-thoracic manifestations significant?
In a landmark study, KINDER et al. [5] evaluated the proportion of patients with ‘‘idiopathic’’ interstitial
pneumonia who fit the diagnosis of UCTD using a predefined definition that included the presence of at least
one symptom suggestive of CTD and biological evidence of systemic inflammation (corresponding to the
presence of auto-antibodies, elevated sedimentation rate or C-reactive protein level). Although some of the
clinical and biological features used in this study lack specificity for CTD, the diagnosis of UCTD was made in
62% of patients. The majority of patients (71%) classified as NSIP at lung biopsy met the criteria for UCTD.
Furthermore, as compared to the control group, patients with UCTD were more likely: to be female, to be
younger, to have ground-glass opacity on HRCT, and to have a NSIP pattern at lung biopsy [5, 38].
Therefore, these findings suggested that subtle clinical and biological features (however not fulfilling
diagnostic criteria of overt CTD) were associated with phenotypic changes in patients with ILD. Of note,
criteria used in this and other studies conducted by pulmonologists did not always include the criterion of
disease duration. Indeed, as systemic manifestations may appear over a period of several months,
rheumatologists generally consider the diagnosis of UCTD only after sufficient disease duration has
occurred. According to the latter definition [39, 40], patients are diagnosed with UCTD in the presence of
the following: 1) signs and symptoms suggestive of CTD, but not satisfying the criteria of any defined
disease entity; 2) positive results for antinuclear antibody test; and 3) disease duration of at least 3 years.

TABLE 2 Indicative criteria for which patients may be referred for rheumatologic evaluation
Features suggesting CTD
Demographics
Clinical manifestations

Lung histopathology

Biology

Female sex
Age ,50 years
Any patient with extra-thoracic manifestations highly suggestive of CTD:
Raynaud’s phenomenon, oesophageal hypomotility, inflammatory
arthritis of the metacarpophalangeal joints or wrists, digital oedema,
symptomatic keratoconjonctivitis sicca
All cases of NSIP, LIP or ILD patterns with histopathology features that
might suggest CTD:
Extensive pleuritis, dense perivascular collagen, lymphoid aggregates
with germinal centre formation, prominent plasmacytic infiltration
Patients with positive high-titre antinuclear antibodies (.1:320) or
rheumatoid factor (.60 IU?mL-1), nucleolar staining antinuclear
antibodies or specific antibodies (anti-cyclic citrullinated peptide,
anti-Scl70, anti-Ro, anti-La, anti-dsDNA, anti-Smith, anti-RNP,
anti-tRNA synthetase)

CTD: connective tissue disease; NSIP: nonspecific interstitial pneumonia; LIP: lymphoid interstitial pneumonia;
ILD: interstitial lung disease; RNP: ribonucleoprotein. Adapted from [37].
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In another study, VIJ et al. [41] prospectively analysed the clinical characteristics, imaging features and
outcome of patients with so-called autoimmune-featured ILD, as defined by the presence of at least one
symptom of CTD (some of which with low specificity) and one positive serology test using predefined
criteria. In this study of 200 patients with ILD, the proportion of males was 59% in patients with
autoimmune-featured ILD, as compared to 74% of IPF patients and only 24% of those with ILD in overt
CTD (p,0.01) [41]. Patients with the nonspecific criteria of elevated erythrocyte sedimentation rate or Creactive protein were not included in the group of autoimmune-featured ILD in this study. The male to
female ratio in autoimmune featured-ILD was <60:40, which was different from IPF (75:25) and CTD-ILD
(25:75). Patients with autoimmune-featured ILD were younger than those with IPF and older than those
with CTD-ILD (p,0.01). Similarly, the proportion of patients with a typical UIP pattern at imaging was
62% in patients with autoimmune-featured ILD, as compared to 90% of IPF patients and only 38% of those
with ILD in overt CTD (p,0.01); however, no difference was found in the severity of pulmonary function
impairment [41]. Although the survivors were followed for a median of 1.7 years, it could not be excluded
that a subset of this patient population may eventually meet the criteria for a well-defined CTD. These
findings demonstrate that identification of subtle CTD clinical features, when associated with presence of
auto-antibodies, do impact on the clinical and imaging presentation of ILD and are associated with distinct
attributes. In other words, subtle manifestations of CTD should be considered in a patient evaluated for
ILD, even if overt CTD criteria are not fulfilled.
In another study, CORTE et al. [6] elegantly demonstrated that the proportion of patients with idiopathic
interstitial pneumonia that fulfil UCTD criteria is dependent on the criteria used (table 3). Using ‘‘broad
criteria’’ [5], UCTD could be diagnosed in 36% of patients with IPF and in 71% of patients with NSIP,
whereas UCTD was considered to be present in only 13% and 21%, respectively, of the same patients groups
using the more stringent criteria of UCTD [40]. The presence of UCTD was associated with a higher
frequency of NSIP histopathology [6].
In a recent study, FISCHER et al. [17] suggested the terminology of lung-dominant CTD to account for the
subset of patients with interstitial pneumonia who have clinical features suggesting an associated CTD, but
the features fall short of a clear diagnosis of CTD under the current rheumatologic classification systems.
The proposed provisional criteria for this condition include four criteria: 1) a histological or radiological
pattern of NSIP, UIP, lymphocytic interstitial pneumonia, organising pneumonia or diffuse alveolar
damage; 2) insufficient extra-thoracic features of a definite CTD to allow a specific CTD designation; 3) no
identifiable alternative aetiology for interstitial pneumonia; 4) any one of a list of auto-antibodies or at least
two of four predefined histopathology features (lymphoid aggregates with germinal centres, extensive
pleuritis, prominent plasmacytic infiltration and dense perivascular collagen). Such provisional conceptual
classification carries the advantage of setting the stage for future studies of the prognostic, therapeutic and
pathobiological implications of CTD features in patients with ILD. However, the proposed criteria need
further refinement based on evidence, especially since they imply that patients may be classified as having

TABLE 3 Diagnostic criteria for undifferentiated connective tissue disease (UCTD)
UCTD diagnostic criteria#

Broader definition of UCTD#,"

A. Symptoms associated with CTD

At least one of: 1) Raynaud’s phenomenon;
2) arthralgias/multiple joint swelling; 3) morning
stiffness; 4) dry mouth or dry eyes (Sicca
features); 5) proximal muscle weakness

B. Positive autoimmune serology

Positive finding of at least one of: 1) ANA
(high titre); 2) RF (high titre); 3) positive ENA;
4) anti-Scl70 antibody; 5) anti-RNP antibody;
6) anticentromere antibody; 7) SS-A or SS-B;
8) Jo-1 antibody

At least one of: 1) Raynaud’s phenomenon;
2) arthralgias/multiple joint swelling; 3) photosensitivity;
4) unintentional weight loss; 5) morning stiffness;
6) dry mouth or dry eyes (Sicca features);
7) dysphagia; 8) recurrent unexplained fever;
9) gastro-oesophageal reflux; 10) skin changes (rash);
11) oral ulceration; 12) nonandrogenic
alopecia; 13) proximal muscle weakness
Positive finding of at least one of: 1) ANA; 2) RF;
3) anti-Scl70 antibody; 4) SS-A or SS-B; 5) Jo-1
antibody; 6) ESR (.2 times normal), CRP

CTD: connective tissue disease; ANA: antinuclear antibody; RF: rheumatoid factor; ENA: extractable nuclear antigen; RNP: ribonucleoprotein;
SS-A: anti-Ro; SS-B: anti-La; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein. #: a diagnosis of UCTD requires having one or more of
the symptoms outlined in A, and one or more of the laboratory findings listed in B; ": criteria proposed by KINDER et al. [5]. Reproduced from [6] with
permission.
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lung-dominant CTD despite the absence of any extra-thoracic features of CTD, and since histopathological
features used in this working classification have not been robustly validated.
In a similar approach, several studies have evaluated the potential relevance of evaluating organ-specific
manifestations of CTD. In a group of 74 patients with respiratory symptoms and the presence of anti-cyclic
citrullinated peptide antibodies (the majority of whom with isolated airways disease, some with isolated ILD
or mixed airways disease and ILD including the syndrome of combined pulmonary fibrosis and
emphysema), three developed articular manifestations of rheumatoid arthritis during a median follow-up of
449 days [42]. In patients with ILD who were apparently idiopathic (and with no definable CTD), occult
Sjögren’s syndrome was detected by systematic salivary gland biopsy in 34% of cases, including 62% with
presence of anti-SSa antibodies and 77% with sicca symptoms [43]. The concept of UCTD or lungdominant CTD can also apply to patients with limited manifestations of idiopathic inflammatory myopathy
(amyopathic dermatomyositis) [12, 44, 45] or systemic sclerosis (fig. 1) [46, 47].
However, limitation to the concept of UCTD-ILD or lung-limited CTD has come from the lack of
demonstration of clear impact on long-term survival. Although it is clear that patients with CTD-ILD have
improved survival compared to those with IPF [3, 4, 7], studies have generally not demonstrated a survival
advantage in patients with UCTD-ILD as compared to those with no CTD features [6]. In the study by VIJ
et al. [41], the 5-year overall survival of patients diagnosed with UCTD-ILD (52%) did not differ from that
of patients with IPF (48%), and was significantly lower than that of subjects with CTD-ILD (95%, p,0.01).
Interestingly, antinuclear antibodies when present at a high titre (e.g. o1:1280, found in 17 (27%) out of 63
patients) were associated with improved survival in patients with autoimmune featured-ILD (p,0.02) [41].
This suggests that biological autoimmune features strongly associated with CTD might portend a distinct
outcome and possibly improved survival as compared to those with IPF.
Furthermore, the presence of autoantibodies per se is not associated with a survival advantage in patients
with IPF and no other features of CTD, and especially in patients with no clinical extra-thoracic
manifestation. As compared to IPF patients with negative autoimmune biology, those with auto-antibodies
are more likely to exhibit ground-glass attenuation, have more significant honeycombing and a higher
extent of ILD at HRCT but similar survival [7]. Similarly, LEE et al. [48] tested 67 patients with IPF and 52
healthy controls for the presence of an extensive panel of auto-antibodies and found no difference in the
frequency or type of antibodies between IPF and control subjects (22% versus 21%), probably reflecting
auto-antibodies of unknown significance in an ageing population rather than genuine UCTD (although
long-term follow-up was not available). Among patients with IPF, no differences were found in clinical,
functional or imaging characteristics between those with and without auto-antibodies. When adjusted for
age, sex, smoking and forced vital capacity, circulating antibodies (antinuclear antibodies with titre o1:320
or rheumatoid factor o60 UI?mL-1) seem to be associated with longer transplant-free survival time [48].

FIGURE 1 High-resolution computed
tomography scan of a 59-year-old female
patient with undifferentiated connective
tissue disease, showing patterns of
nonspecific interstitial pneumonia (with
ground-glass opacification and traction
bronchiectasis) and oesophageal dilation.
Features of systemic sclerosis were present
(Raynaud’s phenomenon, megacapillaries
at nailfold capillaroscopy, oesophageal
hypomotility, anti-topoisomerase-1 antibodies), but no sclerodactily or telangiectasia was visible at 5 years follow-up.
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Overall, these observations suggest that the frequency of circulating autoantibodies in patients with IPF is
similar to that of healthy controls, with unclear impact on survival.

Conclusions
CTD should be considered in every patient with ILD, particularly females and subjects ,50 years of age.
Such systematic approach is especially justified by the observation that ILD may be the presenting
manifestation of CTD and/or the dominant manifestation of CTD. ILD with overt CTD has a better survival
than IPF.
Patients with clinical features of CTD and/or auto-antibodies but who do not fit with established criteria for
the diagnosis of CTD are being increasingly recognised. These may be called undifferentiated CTD or ‘‘lungdominant CTD’’, and should be considered in the presence of specific auto-antibodies and/or extra-thoracic
manifestations. Although the terminology and criteria need further refinement, several studies have showed
that when present, limited CTD features may impact on symptoms, imaging features, pathological features
and evolution to overt CTD. However, auto-antibodies alone, when present in IPF patients, do not impact
on prognosis or management, and it is unclear whether they are associated with distinct survival. Patients
with ILD should be considered to be classified as CTD if at least one autoantibody is found (especially with
a high titre and/or it is an antibody considered highly specific of an autoimmune condition), and at least
one clinical feature other than ILD and typical of CTD. Referral to a rheumatologist and multidisciplinary
discussion may contribute to the management of these patients.
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