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Abstract
Thoracic involvement is one of the main determinants of morbidity and mortality in patients with autoimmune rheumatic 
diseases (ARDs), with different prevalence and manifestations according to the underlying disease. Interstitial lung dis-
ease (ILD) is the most common pulmonary complication, particularly in patients with systemic sclerosis (SSc), idiopathic 
inflammatory myopathies (IIMs) and rheumatoid arthritis (RA). Other thoracic manifestations include pulmonary arterial 
hypertension (PAH), mostly in patients with SSc, airway disease, mainly in RA, and pleural involvement, which is common 
in systemic lupus erythematosus and RA, but rare in other ARDs.
In this review, we summarize and critically discuss the current knowledge on thoracic involvement in ARDs, with emphasis 
on disease pathogenesis and management. Immunosuppression is the mainstay of therapy, particularly for ARDs-ILD, but 
it should be reserved to patients with clinically significant disease or at risk of progressive disease. Therefore, a thorough, 
multidisciplinary assessment to determine disease activity and degree of impairment is required to optimize patient manage-
ment. Nevertheless, the management of thoracic involvement—particularly ILD—is challenging due to the heterogeneity 
of disease pathogenesis, the variety of patterns of interstitial pneumonia and the paucity of randomized controlled clinical 
trials of pharmacological intervention. Further studies are needed to better understand the pathogenesis of these conditions, 
which in turn is instrumental to the development of more efficacious therapies.
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Introduction

Autoimmune rheumatic diseases (ARDs) represent a large and 
heterogeneous group of systemic disorders characterized by 
inflammation and dysregulation of the immune system leading 

to tissue damage and fibrosis [1]. The thorax is the most fre-
quently affected anatomical area, and lung involvement—in 
particular interstitial lung disease (ILD), pleural involvement 
and pulmonary arterial hypertension (PAH)—is present in a 
substantial proportion of patients with ARDs. In fact, ILD is 
found in up to 50% of patients with systemic sclerosis (SSc) 
and inflammatory idiopathic myopathies (IIMs), with vari-
able percentages based on the diagnostic method employed in 
rheumatoid arthritis (RA, 4–48%), Sjögren’s syndrome (SS, 
2–25%) and systemic lupus erythematosus (SLE, 3–13%) 
[2]–[4]. Pleural involvement is common in SLE and RA with 
up to 50% and 20% of patients, respectively, experiencing a 
history of pleurisy, but rare in other ARDs, whereas airway 
disease of both the upper and lower respiratory tract is mostly 
found in RA (39–60% of patients as assessed by chest high-
resolution CT [HRCT]) [5]–[7]. In SLE and SSc, a signifi-
cant minority of patients (1–5% and % 8–12%, respectively) 
develop PAH, a severe complication characterized by vascular 
remodelling of small pulmonary arteries [8].
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The pathogenesis of thoracic involvement in ARDs is 
largely unknown, but is likely to involve a complex inter-
play between host/genetic and environmental factors, lead-
ing to chronic inflammation, endothelial dysfunction and 
fibrosis. However, different pathogenetic mechanisms may 
be involved based on the affected organ and the underlying 
disease. ILD is a leading cause of death in patients with 
SSc, IIMs and RA; the presence of PAH is also associated 
with poor prognosis in SSc, although recent data suggest that 
specific treatment improves outcomes [9].

Yet, the management of thoracic involvement in ARDs 
is based on a small number of randomized controlled trials 
(RCTs), observational studies or even expert opinion. In this 
regard, a better knowledge and understanding of the patho-
genic mechanisms underlying thoracic involvement in ARDs 
is instrumental to the development of more efficacious thera-
pies. In addition, a more precise definition of clinical presen-
tation, disease course and response to treatment is of utmost 
importance in the management of these patients, for both 
rheumatologists and pulmonologists.

In this review, we summarize the current knowledge on 
lung involvement in ARDs, with emphasis on the pathogen-
esis of ILD, airways, pleural and vascular involvement, and 
explore current and future therapeutic strategies.

Lung Parenchyma

ILD is the most common and severe form of lung involve-
ment in ARDs, leading to significant morbidity and mortal-
ity. The highest prevalence of ILD is found in SSc, IIMs 
and RA [7].

The pathogenesis of ARDs-ILD involves multiple com-
partments and the interaction between various cellular 
components, leading to the development of fibrosis and 
progression of lung damage. The key pathogenetic mecha-
nisms involved in the development of ILD in ARDs are sum-
marized in Fig. 1.

Systemic Sclerosis

ILD is a major determinant of mortality in SSc. Data analy-
sis from the European Scleroderma Trials and Research 
(EUSTAR) cohort that included 5,850 SSc patients 
revealed that of all deaths directly attributed to SSc, 35% 
were due to pulmonary fibrosis and 26% to PAH [10]. 
ILD is more frequent in patients with the diffuse cutane-
ous form of disease, compared to patients with limited 
cutaneous disease (60–70% vs. 35%) and in those with 
anti-topoisomerase I antibody positivity (50–80%) [11]. 
However, physicians should be aware that patients with 

both forms of skin involvement may develop ILD; accord-
ingly, experts agree that all patients should be screened for 
ILD using HRCT at SSc diagnosis [12, 13]. Other risk fac-
tors associated with the development of SSc-ILD include 
male sex, African-American ethnicity, older age at disease 
onset and shorter disease duration [12]. In addition, there 
is growing interest in the identification of biomarkers of 
SSc-ILD, such as CCL18, squamous cell carcinoma anti-
gen 1 (SCCA1) and Krebs von den Lungen 6 glycoprotein 
(KL-6) [14, 15].

Vascular injury, inflammation and activation of the 
immune system are the first alterations in the pathogen-
esis of SSc-ILD, resulting in lung fibrosis already in the 
early stages of the disease. Microvascular injury and sub-
sequent endothelial cell activation induce endothelin-1 and 
chemokines production and increased expression of adhe-
sion molecules, leading to the recruitment of a plethora of 
inflammatory cells [16]. Immune dysfunction is one of the 
most important contributors to the pathogenesis of SSc-ILD. 
In this regard, there is increasing evidence that immune acti-
vation is a cause and not a consequence of vasculopathy 
and fibrosis [17]. Among inflammatory cells, B-cells are 
thought to play a crucial role in SSc, as they show signs 
of hyperactivation; specifically, autoantibody production is 
increased, but polyclonal B-cell hyperactivity and hyper-
γ-globulinaemia have also been described [18]. In patients 
with SSc, B-cells (both naive and memory B cells) overex-
press CD19, a powerful positive regulator of their activity 
[19]. By contrast, there is evidence of impairment of the 
inhibitory CD22 receptor, probably due to the presence of 
serum anti-CD22 antibodies [18]. As previously mentioned, 
hyperactivation of B-cells leads to overproduction of autoan-
tibodies, some of which (i.e. functional antibodies) promote 
a pro-inflammatory and/or a fibrotic response [20]. In fact, 
B-cells are also involved in the pathogenesis of fibrosis, 
mainly by secreting IL-6, which induces a Th2-dominant 
immune response. Th2 cytokines (i.e. IL-4, IL-5, IL-6 and 
IL-13) increase the deposition of extracellular matrix pro-
teins, whereas Th1 cytokines, such as interferon-γ and IL-2, 
inhibit extracellular matrix deposition [19, 21]. Furthermore, 
activated B cells also secrete high amounts of transforming 
growth factor (TGF)-β, which is one of the main profibrotic 
cytokines [21].

T cells are also involved in the pathogenesis of SSc and 
their presence in affected tissues is believed to precede 
fibrosis. In fact, in skin biopsies from patients with SSc, 
infiltrates consisting of T cells and macrophages are found 
early, before any microscopic evidence of fibrosis. Fur-
thermore, T cells with a memory phenotype are found in- 
lung biopsy specimens from patients with SSc-ILD [22].  
These cells are predominantly CD4+ and display mark-
ers of activation, with a prevalent Th2 cytokine profile 
[17, 22]. In SSc, a defective control of T cell activation  
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by Tregs leads to T cell proliferation and cytokine secre-
tion; indeed, several studies have shown numerical and 
functional changes (i.e. defective suppressive activity) of  

the Treg population, leading to loss of tolerance [17]. A 
Treg/Th17 imbalance has also been hypothesized to play 
an important pathogenetic role in SSc [23].

Fig. 1  A pathogenetic model 
of parenchymal lung involve-
ment in autoimmune rheumatic 
diseases. Environmental factors 
(cigarette smoke, pollutants 
and pathogens) in a geneti-
cally predisposed individual 
determine alveolar epithelial 
injury. This process results in 
damaged lung tissue, subse-
quent endothelial activation (in 
particular in systemic sclerosis) 
and release of self-antigens, 
which in turn lead to breakdown 
of self-tolerance and activation 
of the immune response. Mul-
tiple cellular compartments are 
involved: B-cells with produc-
tion of autoantibodies, T-cells 
and monocytes–macrophages. 
Immune activation leads to the 
production of several cytokines 
such as IL-4, IL-5, IL-6, IL-13, 
TGF-β, TNF-α and VEGF 
that contribute to the initiation 
of repair pathways, includ-
ing recruitment of fibroblasts 
and myofibroblasts. (ACPAs: 
anti-cyclic citrullinated peptide 
antibodies TGF-β: Transform-
ing Growth Factor β, TNF-α: 
Tumor Necrosis Factor α, 
VEGF: Vascular Endothelial 
Growth Factor)
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Alterations in macrophage polarization have been 
recently recognized among the key immune system abnor-
malities involved in SSc pathogenesis. Indeed, emerging 
evidence suggests a possible pathogenetic role of tissue 
macrophages that display an alternatively activated M2 
phenotype. M1 macrophages trigger an intensive inflam-
matory response and tissue damage, whereas M2 are 
closely associated with Th2 response, tissue repair and 
fibrosis. A recent study reported higher percentages of cir-
culating monocytes/macrophages co-expressing M1 and 
M2 surface markers in SSc patients compared to healthy 
subjects [24]. Levels of soluble CD163 (a marker of M2 
macrophages) are elevated in the serum of SSc patients 
and on macrophages of affected skin and lung [16]. Moreo-
ver, a high percentage of circulating cells belonging to 
the monocyte/macrophage lineage and expressing surface 
markers of both M1 and M2 phenotypes has been found in 
the serum of patients with SSc-ILD [25].

The most frequent disease pattern is non-specific inter-
stitial pneumonia (NSIP), followed by usual interstitial 
pneumonia (UIP), which may be more frequently detected 
in patients affected by an overlap syndrome between SSc 
and RA [26] (Fig. 2). Ground glass opacities typical of NSIP 
rarely reverse with treatment, suggesting they might repre-
sent fine fibrosis rather than alveolitis; this is consistent with 
the observation that “fibrotic” NSIP is more common than 
“cellular” NSIP in SSc [7].

Pulmonary function tests (PFTs) tend to show a restric-
tive ventilatory defect, generally associated with a reduced 
diffusing capacity of the lung for carbon monoxide  (DLCO), 
even in the absence of symptoms [12]. Reduced  DLCO 

is a highly sensitive and early indicator of possible ILD; 
however, it is not specific as it can also be reduced in SSc 
patients with PAH [27] or concomitant emphysema. Moreo-
ver, a moderate, isolated reduction of  DLCO (55–80% of the 
predicted values) is a common finding in patients with SSc 
and may be also due to pulmonary microangiopathy and/ 
or subclinical alveolitis [27]. On the other hand, a restric-
tive ventilatory defect may be present in the absence of  
lung involvement as a consequence of extra-parenchymal 
impairment due to severe chest wall tightening from skin 
fibrosis in diffuse cutaneous SSc [28]. Although HRCT shows 
signs of parenchymal involvement in up to 90% of patients 
with SSc, less than half (45%) develop a moderate to severe 
ILD and only 13% have a severe impairment of lung function 
(i.e. forced vital capacity (FVC) < 50%) [29, 30]. Indeed, 
most SSc-ILD patients experience a slow decline in lung 
function, with only a minority of them progressing rapidly 
after ILD onset [12]. The main factors associated with ILD 
progression include early onset of ILD (i.e. within 3 years  
after SSc diagnosis), anti-topoisomerase I antibody positiv-
ity, presence of arthritis and tendon friction rubs [12, 31].  
Moreover, extensive fibrosis on HRCT (i.e. > 20% of the 
total lung volume), reduced FVC and  DLCO at ILD diag-
nosis, significant decline in FVC or  DLCO after one year 
(more than 10% and 15%, respectively) and reduction of 
 DLCO over 3 years are associated with progression to severe 
ILD and increased mortality [12, 31, 32]. Once ILD has been 
identified, there is no consensus among experts regarding 
monitoring of lung disease with HRCT. According to clini-
cal practice of expert centres, HRCT should be repeated ini-
tially every 6–12 months in association with PFTs every 4 to 

Fig. 2  HRCT images. a: Fibros-
ing NSIP pattern in a patient 
with SSc. b: UIP pattern in a 
patient with overlap SSc-RA; c 
and d: UIP pattern in a patient 
with RA: HRCT shows reticular 
opacities and subpleural honey-
combing
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6 months, in order to identify rapidly progressive forms [33]. 
A further challenge is represented by patients without ILD 
at diagnosis, for whom the exact timing for radiological and 
functional assessment has not been established. In common 
practice, PFTs are obtained yearly in patients with SSc [33].

Rheumatoid Arthritis

The prevalence of clinically significant ILD in patients 
with RA is around 10%, rising to 58% if subclinical lung 
involvement is considered [7]. Older age at diagnosis, male 
sex, a history of ever smoking and rheumatoid factor (RF) 
or anti-cyclic citrullinated peptide antibody (ACPA) posi-
tivity are well known risk factors for the development of 
ILD in patients with RA [7, 34–36]. Genetic and environ-
mental factors are also thought to play an important role 
in the development of RA-ILD. In particular, HLA–B54, 
HLA–DQB1*0601, HLA–B40 and the site encoding α-1 
protease inhibitor are associated with an increased risk of 
ILD in patients with RA [3].

Evidence suggests that the initiating events that pre-
cede clinically manifest RA might originate at one or more 
mucosal sites, in particular the airways and the lung, as a 
consequence of environmental exposure, especially smoking 
[37]. Indeed, smoking is a risk factor not only for RA but 
also for RA-ILD, as it determines lung injury that contrib-
utes to the citrullination of proteins and activates profibrotic 
pathways [3, 38]. Persistent or repetitive injury to the airway 
mucosa or distal lung structures leads to increased protein 
citrullination and activates the innate immune system lead-
ing to an inflammatory response. In susceptible individuals, 
immune tolerance breaking causes an autoimmune response 
with further production of anti-citrullinated protein antibod-
ies (Fig. 1) [39].

ACPAs, RF and other RA-related antibodies can be found 
in the serum of patients some years before any evidence of 
inflammation and immune reaction in the joints. RA-related 
autoantibodies have been identified also in induced sputum 
of at-risk seropositive individuals, patients with early-stage 
RA as well as in seronegative individuals at risk of devel-
oping RA [37, 39, 40]. In addition, an increased number of 
citrullinated peptides was found in the lung parenchyma of 
patients with RA-ILD, suggesting that the lung might locally 
produce RA-related autoimmunity [41]. These findings sup-
port the hypothesis that the lung itself might be the initial 
site of immune tolerance breakdown. The presentation of 
citrullinated peptides to T-cells and the subsequent activa-
tion of B-cells with production of ACPAs trigger an inflam-
matory process characterized by cellular infiltration and 
release of specific cytokines, chemokines and growth factors 
[39]. Specifically, cytokines such as IL-4, IL-13 and TGF-β, 
and growth factors such as platelets-derived growth factor 
(PDGF) promote fibroblast differentiation and proliferation, 

providing a potential link between inflammation and fibrosis. 
Matrix metalloproteinases (MMPs) contribute to the cross-
talk between inflammation and tissue remodelling pathways; 
in fact, MMPs are activated in damaged epithelia and pro-
mote cellular recruitment and activation of cytokines and 
pro-fibrotic mediators. Angiogenesis plays also a role in this 
process, with direct links to both inflammation and fibrosis 
[42].

In contrast to other rheumatic diseases, the predominant 
pattern of RA-ILD is UIP (Fig. 3), followed by NSIP. The 
clinical course of RA-ILD is highly variable and heteroge-
neous, ranging from asymptomatic to rapidly progressive 
disease. UIP pattern in RA is associated with poor progno-
sis, in particular more frequent hospitalization and need for 
oxygen therapy, rapid decline of pulmonary function and 
worse survival compared to non-UIP pattern [43]. Nota-
bly, RA-ILD patients with the UIP pattern can experience 
episodes of acute exacerbations similar to those reported 
in patients with idiopathic pulmonary fibrosis (IPF) [44]. 
Among other variables associated with mortality, older age 
was a significant predictor of poor prognosis in several stud-
ies [34]–[36]. Other factors include: male sex, ILD severity 
as assessed by reduced  DLCO and FVC, extent of fibrosis 
on HRCT, acute exacerbations of RA-ILD and RA disease 
activity [3]. Bronchoalveolar lavage (BAL) fluid cytology 
shows non-specific findings, such as an increased neutrophil 
count in patients with UIP, and a predominantly lymphocytic 
cytology in patients with NSIP or organizing pneumonia. 
Importantly, these features are not predictive of RA-ILD 
progression and response to treatment [3].

Idiopathic Inflammatory Myopathies

In the majority of cases, myositis-associated lung involvement 
manifests as ILD, with a prevalence ranging from 23 to 65% 
based on the diagnostic tools used [7]. Substantial heterogene-
ity exists within the spectrum of IIMs, and each condition is 
associated with various frequencies of ILD. Such heteroge-
neity might be explained, at least in part, by the presence of 
various autoantibodies. In particular, myositis-specific autoan-
tibodies (MSAs), such as the anti-aminoacyl-tRNA-synthetase 
(ARS) antibodies and anti-melanoma differentiation factor 5 
(MDA5), are associated with a high prevalence of ILD, which 
can precede, follow or be concomitant with the onset of skin 
or muscle manifestations, but tends to appear early in the dis-
ease course [45].

The pathogenesis of lung involvement in IIMs is poorly 
understood. However, similar to RA-ILD, some evidence 
suggests that—at least for the subsets with high preva-
lence of lung involvement—the lung might be the initiat-
ing disease site, being repeatedly exposed to environmental 
immunogenic stimuli (e.g. pollutants, infectious agents or 
cigarette smoke, among others) [46, 47]. These stimuli 
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induce inflammation and cellular distress or death, lead-
ing to enhanced release of microparticles with aberrant 
self-antigen exposure. Subsequently, a break of immune 
self-tolerance occurs, with migration of inflammatory 
cells to the lung (Fig. 1). In particular, ARS antibodies 
may exert a chemokine-like activity, inducing migration of 
lymphocytes and activated monocytes [46, 48]. At the site 
of inflammation, dendritic cells present the antigen/s to T 
cells promoting their proliferation via a major histocompat-
ibility complex (MHC)-II-dependent process. The role of 
T cells in disease pathogenesis is corroborated by the pres-
ence of CD3+ lymphocytes in lung infiltrates of patients 
with polymyositis and ILD. In addition, CD3+ lympho-
cytes display a restricted T-cell receptor repertoire in 
their variable region, suggesting an antigen-driven oli-
goclonal lung infiltration [49]. Gono et al. found signifi-
cantly increased serum levels of inflammatory cytokines 
such as IL-6, IL-8, tumour necrosis factor-alpha (TNF-α) 
and interferon gamma-induced protein 10 in patients with 
IIMs-ILD compared to IIMs patients without ILD [50]. In 
addition, Eloranta et al. showed that sera from patients with 
IIMs-ILD have significantly higher IFN-α inducing activity 
compared to sera of patients without ILD. This association 
was not observed for other manifestations of IIMs suggest-
ing a specific role for IFN-a in the maintenance of lung 
inflammation [51]. Natural killer (NK) cells are thought 

to contribute to protein cleavage and generation of self-
antigens by producing granzyme B. In this regard, massive 
infiltrates of NK cells are found in the lungs of anti-Jo1-
positive patients in histological studies [52].

The clinical course of IIMs-ILD ranges from chronic 
forms with slowly progressive symptoms to acute and rap-
idly progressive forms leading to respiratory failure—
typical of patients with clinically amyopathic dermatomy-
ositis (CADM) and anti-MDA5 antibodies, occasionally 
associated with the development of pneumomediastinum 
(Fig.  3) [53, 54]. In a significant proportion of IIMs 
patients, ILD can also be asymptomatic/subclinical, 
whereas in other cases PFTs show a restrictive ventila-
tory defect with a reduced  DLCO [45]. It is important to 
underline that the interpretation of PFTs in patients with 
IIMs may be influenced by extra-parenchymal factors, 
such as inspiratory muscle weakness that can result in 
reduced FVC. In some cases, muscle strength can improve 
with treatment [27, 45]. NSIP is the predominant radio-
logical and histological pattern followed by UIP; other 
histological patterns observed in patients with IIMs-ILD 
include organizing pneumonia (OP) and diffuse alveolar 
damage (DAD) [7, 55]. In rare cases of anti-synthetase 
antibodies positivity, OP is associated with bronchiolar 
involvement (BOOP, bronchiolitis obliterans with organ-
izing pneumonia) [56].

Fig. 3  HRCT images. a: Fibros-
ing OP in a patient with der-
matomyositis; b: NSIP pattern 
in a patient with anti-synthetase 
syndrome (Anti-Jo1 +); c: 
rapidly progressive ILD compli-
cated by pneumomediastinum 
and subcutaneous emphysema 
in a patient with Clinically 
Amyopathic Dermatomyositis 
and anti-MDA5-antibodies 
positivity
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Sjögren’s Syndrome

In patients with SS, the prevalence of ILD is around 20% 
when defined by radiological (i.e. HRCT) or functional 
(reduced FVC and/or  DLCO) criteria [57]. It mainly develops 
after SS onset, with its prevalence increasing with disease 
duration [57]. While radiographic abnormalities on HRCT 
are common, the prevalence of clinically significant pul-
monary disease is around 9–12% [58]. Many patients are 
asymptomatic and lung involvement is generally mild and 
slowly progressive. Although lymphocytic interstitial pneu-
monia (LIP) has been classically linked to SS, more recent 
studies showed that NSIP is the most common histological 
pattern, followed by UIP, LIP and OP [55]. SS is character-
ized by lymphocytic infiltration and marked B cells hyper-
reactivity. Rarely, primary pulmonary lymphoma and amy-
loidosis are found [58].

Systemic Lupus Erythematosus

Parenchymal involvement is a rare complication of systemic 
lupus erythematosus (SLE), occurring in approximately  
10% of patients [4, 57]. Tissue injury in SLE is the conse-
quence of several factors: autoreactive dendritic cells stimu-
late CD4+ T-cells that infiltrate target tissues and induce the 
activation of B cells, leading to autoantibodies production 
[59]. NSIP is the most common histopathologic pattern, 
although LIP, OP and UIP can also be found. In most cases, 
clinical progression is slow and lung function stabilizes over 
time [60]. Some patients (from < 2% to 5,4%) may present 
acutely with severe respiratory failure secondary to diffuse 
alveolar haemorrhage (DAH), which is associated with a 
high mortality (50%) [55, 61]. The most relevant risk factor 
for the development of DAH is serologically and clinically 
active disease, in particular with class III or IV lupus nephri-
tis [57]. In these cases,  DLCO is typically increased due to 
the presence of haemoglobin within the alveolar spaces [57].

Airways

Airway involvement is common in patients with RA, but is 
seldom reported in patients with other ARDs.

Rheumatoid Arthritis

Airway involvement is observed in 39–60% of patients with 
RA, when assessed by HRCT. Both upper and lower airways 
can be involved [7, 62]. Cricoarytenoid joint (CJ) arthritis is 
the most common form of upper airways involvement and 
is generally clinically silent [63]. CJ arthritis is the conse-
quence of synovial fluid accumulation in the CJ capsule, 
leading to erosion and subluxation of the cartilage that may 

ultimately result in fixation [63]. With regard to lower air-
ways, RA has been associated with airway hyperresponsive-
ness and small airway obstruction (30–73% of patients) [62], 
and with high prevalence of HRCT abnormalities, such as 
bronchial wall thickening and bronchiectasis (BE), which 
are observed in as many as 30% of patients with RA without 
ILD [62, 63]. The genetic predisposition to ILD and airway 
disease appears to be different, with carriage of the HLA-
DRB1*1501 and *1502 allele exerting opposite effects as 
a risk factor for ILD and protective factor against airway 
disease, respectively [64]. Similar to RA-ILD, airway dis-
ease can be found in preclinical RA, whereas in patients 
with clinically overt RA, airway disease is associated with 
higher disease activity and autoantibody positivity (RF and 
ACPAs), even when smoking status is taken into account 
[7, 65]. The mechanisms of coexistence of RA and BE is 
unclear. A possible hypothesis is that chronic bacterial 
infection secondary to BE acts as a prolonged antigenic 
stimulus that leads to breakdown of immune tolerance and 
subsequent development of RA in genetically predisposed 
individuals [7, 66]. Two forms of small airways involve-
ment have been described: follicular bronchiolitis (FB) and 
constrictive bronchiolitis. FB is characterized by hyperplasia 
of bronchial-associated lymphoid tissue (BALT), whereas 
constrictive or obliterative bronchiolitis is characterized by 
peribronchiolar inflammation and fibrosis without evidence 
of lymphoid hyperplasia [63, 67].

Sjögren’s Syndrome

Airway disease is the most common manifestation of respir-
atory involvement in SS. Airway abnormalities may involve 
the trachea, bronchi and bronchioles and can be related to 
either sicca syndrome (glandular involvement) or cell infil-
trate (extra glandular involvement) [58]. Tissue infiltrate 
typically contains CD4+ T lymphocytes [68]. Large airways 
involvement, as confirmed by pulmonary function testing, 
affects 8 to 12% of SS patients [58]. Xerotrachea manifests 
as dryness of the mucosa of the trachea and is characterized 
by decreased mucociliary clearance, due to local glandular 
involvement [58]. Bronchiolitis is the most frequent form of 
airway disease and may be isolated or associated with ILD 
[68]. The most frequent form of bronchiolitis is FB, which 
is characterized by hyperplastic lymphoid follicles with 
reactive germinal centres along the bronchovascular bundle 
[58, 69]. FB results from antigenic stimulation of the BALT 
with polyclonal lymphoid hyperplasia [69]. Less frequently, 
bronchiolar involvement might present as BOOP [56]. In 
SS, the prevalence of BE ranges from 7 to 54%; they are 
generally cylindrical and mainly located in the lower lobes 
[69]. Patients with BE tend to be older at SS diagnosis and 
display higher frequency of hiatal hernia, lower prevalence 
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of anti-Ro/SSA antibodies and increased prevalence of anti-
smooth muscle cell antibodies [57].

Systemic Lupus Erythematosus

Airway disease is an uncommon manifestation of SLE, and 
both upper and lower airways may be involved. Upper airway 
disease is rare and ranges from mild ulceration to vocal cord 
paralysis, cricoarytenoid arthritis and necrotizing vasculitis 
with airway obstruction [61]. Bronchial wall thickening and 
BE are detected on chest HRCT in approximately 20% of 
SLE patients, but they are commonly clinically silent [61]. 
About 25% of patients show signs of small airways dysfunc-
tion at PFTs, although bronchiolar abnormalities on HRCT 
are uncommon [70]. Cases of lupus pneumonitis presenting 
with focal bronchiolar lymphocytic inflammation causing an 
acute obliteration of small airways with intraluminal fibro-
blastic plugs consistent with BOOP have also been reported 
[71, 72]. This entity is rare in SLE patients, but it is associ-
ated with high mortality rates and poor response to immu-
nosuppressants and Glucocorticoids (GCs) [73].

Systemic Sclerosis

In SSc, airway involvement is rare compared to other 
ARDs [74]. Although autoptic studies of SSc lungs showed 
atrophic and fibrotic lesions in muscular, elastic and adven-
titial layers of bronchial wall, a definite obstructive pattern 
on PFTs is uncommon in SSc [75]. Around 20% of patients 
present small airways dysfunction even in the absence of 
ILD [76]. In a recent study on non-smoker SSc patients, 
markers of small airways stiffness (of both resistance and 
reactance) were higher than in age-matched healthy controls 
and associated with ground glass opacities or reticulation on 
HRCTs [77]. However, changes in resistance and/or reac-
tance were not predictive of lung function deterioration at 
12 months [77].

Pleura

Pleural involvement is common in SLE and to a lesser extent 
in RA, but is a rare finding in other ARDs.

Systemic Lupus Erythematosus

Pleural effusion is the most common pulmonary manifesta-
tion of SLE. Clinically relevant pleural effusion is observed 
in up to 50% of SLE patients during the disease course, with 
effusions being either bilateral or unilateral [7, 57]. The 
pathogenesis of lupus pleuritis involves immune complexes 
(IC) deposition from systemic circulation with activation 
of complement and infiltration of inflammatory cells [78]. 

Long-standing disease, late-onset SLE, positive anti-RNP 
and anti-Smith antibodies are associated with a nearly two-
fold increased risk of developing pleuritis [57]. In addition, 
pleural involvement is more common in patients with active 
disease and multiorgan involvement [57]. Pleural fluid in 
lupus pleuritis is often exudative with increased leukocyte 
(i.e. neutrophils or lymphocytes) cell count [7]. In patients 
without a previous diagnosis of SLE, the presence of high 
titres of antinuclear antibodies (ANA) (i.e. > 1:160) in the 
pleural fluid supports the diagnosis of lupus pleuritis [78], 
although this phenomenon can also be observed in malig-
nancies [57]. When performed, pleural biopsies reveal non-
specific findings, namely lymphocytic and plasma cell infil-
tration, fibrosis and fibrinous pleuritis.

Rheumatoid Arthritis

Pleural effusion in RA is found in up to 20% of patients and 
is more frequent in middle-aged (> 50 years) males, particu-
larly in patients with long-standing arthritis, smoking history 
and underlying lung disease [6]. Rheumatoid effusion is usu-
ally exudative with low glucose levels and unilateral (gener-
ally affecting the left side) in the majority of patients (around 
70%) [5]. The levels of RF in rheumatoid pleural effusion 
are generally similar or higher than those in the serum, with 
the presence of RF in the pleural effusion being strongly 
suggestive of a rheumatoid origin [5]. Patients with rheuma-
toid effusions display also high levels of pleural sC5b-9 (a 
product of alternate pathway complement system activation) 
and low levels of C3, C4, indicating a local autoimmune 
activation [79].

Systemic Sclerosis

In SSc, pleural involvement is rarer than pericardial disease, 
affecting approximately 5% of patients and more frequently 
those with a diffuse cutaneous form [74, 80]. Pleural effu-
sion consists mainly of lymphocytes or eosinophils, with one 
study reporting elevated levels of CA125 in both serum and 
pleural fluid [81]. The pathogenesis of SSc “pleuropathy” 
is poorly understood, but it has been suggested that micro-
vascular injuries (driven by anti-endothelial autoantibodies) 
may increase capillary permeability causing the exudation 
of fluids and white cells in the pleural space [82].

Sjögren’s Syndrome

Pleural involvement is unusual in SS, being reported in only 
1% of patients [83, 84]. Similar to SSc, pleural fluid analysis 
usually shows a lymphocytic exudate, with no specific fea-
ture [6]. The pathogenesis of SS pleuropathy is unknown and 
may differ from patient to patient, reflecting the pleiotropic 
course of the disease.
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Pulmonary Vasculature

The typical presentation of pulmonary vascular involve-
ment in ARDs is pulmonary arterial hypertension (PAH), 
which occurs mostly in patients with SSc and less fre-
quently in SLE [8].

Systemic Sclerosis

PAH is detectable in about 8–12% of SSc patients, being 
more common in those with limited cutaneous disease, 
and associated with anticentromere positivity [8]. Unlike 
ILD, PAH is rarely the presenting manifestation of the 
disease, as it often occurs 10–15 years after the diagnosis 
of SSc [7].

Endothelial dysfunction plays a key role in the patho-
genesis of SSc-PAH. It is characterized by an imbalance 
between vasoactive, proliferative mediators, primarily 
endothelin-1 and thromboxane A2, and vasodilators (e.g. 
nitric oxide, prostacyclin) and antiproliferative mediators. 
Endothelin-1 is overexpressed in plasma and lung tissue 
of patients with SSc-PAH and SLE-PAH [8]. Moreo-
ver, a study from Becker et al. showed that the agonis-
tic endothelin-1 type A receptor antibodies (anti-ETAR) 
are more common in SSc-PAH/ARDs-PAH than in other 
forms of PAH and may predict prognosis in SSc-PAH 
[85]. Endothelial dysfunction leads to changes in the 
vascular tone and promotion of vascular remodelling of 
small to medium‐sized pulmonary vessels [8, 86]. Pul-
monary artery vasoconstriction is amplified by the release 
of serotonin by activated platelets, leading to hypoxemia 
and ischaemia reperfusion injury. In turn, this results in 
additional cytokine release, vascular remodelling, fibro-
sis and intraluminal microthrombosis. Consequently, a 
progressive increase in pulmonary vascular resistance, 
pulmonary artery pressure and right ventricular pressure 
overload occurs, leading to right heart failure. Inflamma-
tion is believed to play only a marginal role in SSc-PAH, 
although inflammatory cells have been hypothesized to 
induce a maladaptive right ventricular remodelling [9, 87].

Several forms of pulmonary hypertension (PH) can 
occur in SSc: isolated PAH (group I according to the 2015 
ESC/ESR guidelines), PH secondary to left heart dysfunc-
tion (group II) and PH secondary to ILD or hypoxia (group 
III) [88]. In patients with diffuse cutaneous form, PH is 
most frequently secondary to left heart disease and ILD 
[89]. Nevertheless, in SSc different forms of PH may occur 
in the same patient, making diagnosis and management 
of SSc-PH particularly challenging in some cases. Dop-
pler transthoracic echocardiography is recommended as 
a screening test in all patients at SSc diagnosis, followed 
by annual screening with echocardiography,  DLCO and 

biomarkers (e.g. N-terminal pro-brain natriuretic peptide) 
according to the ESC/ESR 2015 guidelines and screening 
algorithms [88, 90].

Systemic Lupus Erythematosus

The prevalence of SLE-PAH is about 5%, with a 1-year 
survival better than that of SSc-PAH [7]. The presence of 
Raynaud’s phenomenon, anti-RNP and anti-SSA/Ro anti-
bodies are independent predictors of PAH development in 
SLE [91]. Particularly in SLE patients with antiphospholipid 
antibodies positivity, chronic thromboembolic PH (group 
IV) should also be included in the list of differential diag-
noses with SLE-PAH.

Beyond the above mentioned mediators of endothelial 
dysfunction, macrophagic and lymphocytic infiltration as 
well as deposits of both immunoglobulins and complement 
have been shown in the wall of small pulmonary arteries in 
patients with SLE-PAH, supporting an important pathoge-
netic role of inflammation and autoimmunity. B cells con-
tribute to pulmonary vascular injury and remodelling by 
producing autoantibodies that cause endothelial dysfunction, 
while cytotoxic T cells appear to play a role in arterial mus-
cularization. [92]. Thus, both acute (e.g. fibrinoid necrosis 
and vasculitis) and chronic lesions (e.g. intimal and periad-
ventitial fibrosis, thickening of the media) may be found in 
SLE-PAH. In this regard, the existence of two major phe-
notypes of PAH secondary to SLE has been postulated: a 
“vasculitic subtype” detectable in patients with high SLE 
disease activity (e.g. Systemic Lupus Eriyhematosus Disease 
Activity Index 2000, SLEDAI-2 K > 9, concomitant pres-
ence of rash, arthritis and nephritis) and a “vasculopatic sub-
type” characterized by a low activity of SLE and severe PAH 
[93]. This might also explain why, although the outcome is 
generally more favourable than in SSc-PAH patients, the 
prognosis of some patients with severe SLE-PAH is poor, 
with right heart failure and arrhythmias being the most com-
mon causes of death.

Notably, in patients with SLE as in those affected with 
other ARDs, echocardiography is recommended only in the 
presence of suggestive symptoms [88].

DAH is a rare but severe complication of SLE with a 
prevalence ranging between 2 and 5%, an overall mortal-
ity of approximately 50% and a high risk of recurrence 
[4]. The aetiology of this complication is not completely 
understood, but many patients develop DAH in associa-
tion with lupus nephritis, suggesting a common immune 
complex (IC)-driven pathogenesis [94]. The deposition 
of IC in the alveolar capillaries is thought to be the ini-
tiating event leading to inflammatory cells infiltration or 
non-inflammatory bland haemorrhage. IC-induced capil-
laritis is characterized by a neutrophilic interstitial infiltra-
tion outside the capillaries [94]. Accumulated neutrophils 
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undergo cytolysis with release of neutrophil extracellu-
lar traps (NETs) and cytotoxic proteins leading to loss of 
integrity of the alveolar–capillary basement membrane, 
resulting in leakage of red blood cells into the alveolar 
space. Non-inflammatory bland haemorrhage is associated 
with a predominantly monocytic infiltration in the alveolar 
wall and ICs deposition [94].

Other ARDs

The typical vascular involvement of the lung in RA is rheu-
matoid vasculitis, characterized pathologically by destruc-
tive inflammatory infiltrate within small- and medium-sized 
blood vessel walls. PAH is rare in IIMs, SS and RA. In 
patients with RA, the prevalence of PAH was reported to be 
similar to that of the general population in a recent French 
national study [7, 95].

Treatment

Lung Parenchyma

When initially evaluating patients with ARDs-ILD, the first 
step is the identification of predictors of poor prognosis in 
order to stratify (and manage) patients based on the risk of 
ILD progression. In SSc patients with limited ILD extension 
according to Goh et al. (i.e. < 20% of lung parenchyma on 
HRCT) and without poor prognostic factors, a “watch-and-
wait” strategy may be appropriate, as potential systemic side 
effects may outweigh the benefits of treatment [96]. How-
ever, timely intervention is of utmost importance in patients 
with severe or progressive disease to stabilize lung function 
or slow disease progression and prevent irreversible damage. 
The decision to start treatment is therefore based on several 
factors that include severity of ILD based on imaging and 
PFTs (FVC and  DLCO), rate of progression on serial PFTs 
and HRCT, likelihood of reversibility and duration of the 
underlying ARD. Individual factors should also be taken 
into account, including patient age, comorbidities and pref-
erence [97]. Specific treatment strategies may differ accord-
ing to the underlying disease, although, with the exception of  
SSc, (GCs) represent the first-line treatment approach, fol-
lowed by conventional immunosuppressants and biologic 
drugs in refractory cases [97, 98]. In this scenario, the role 
of new antifibrotic drugs such as nintedanib in the treatment 
of ARDs-ILD need to be determined. Therapies currently 
employed in ARDs-ILD may lead to lung function stability 
in many cases, with improvement being observed in a minor-
ity of patients, especially in SSc-ILD.

Systemic Sclerosis

In patients with subclinical ILD and low or no risk of disease 
progression, current approaches to treatment include routine 
clinical, functional and radiological follow-up. Conversely, 
patients with clinically significant ILD and those at risk of 
progressive ILD should be promptly treated with immuno-
suppressive agents [98].

Glucocorticoids are generally avoided at doses higher 
than 10–15 mg/daily, mainly due to the increased risk of 
renal crisis [97]. Despite its known toxicity, cyclophos-
phamide (CYC) should be considered for the treatment of 
severe SSc-ILD, particularly in rapidly progressive cases 
[98]. Indeed, the Scleroderma Lung Study I, a double-blind, 
randomized, placebo-controlled trial, showed that i.v. CYC 
improves FVC, total lung capacity (TLC), skin thickness, 
dyspnoea and quality of life after 12 months of treatment 
compared to placebo in patients with SSc-ILD [99]. How-
ever, while beneficial effects in most of these outcomes were 
still apparent several months after withdrawal of therapy, 
generally, they were no longer present 12 months after CYC 
discontinuation, underlying the need for a maintenance ther-
apy [100]. In the Scleroderma Lung Study II, mycophenolate 
mofetil (MMF) 1.5 g twice daily was associated with an 
improvement in FVC after 24 months of treatment, com-
parable to CYC treatment for 12 months, but with a better 
safety profile, particularly with regard to the risk of cytope-
nia [101, 102]. In a observational study, azathioprine (AZA) 
following IV CYC induction therapy determined stability 
or improvement of lung function, with an efficacy similar 
to MMF and oral CYC [103]. Based on these results, the 
European League Against Rheumatism (EULAR) guidelines 
suggest CYC therapy be considered in SSc patients with pro-
gressive lung disease. Furthermore, tailoring of CYC dose 
and treatment duration should be determined individually, 
according to clinical presentation and treatment response 
[104]. Generally, CYC is administered for 6–12 months, 
followed by a switch to another agent, usually MMF, for 
maintenance therapy, [105].

Rituximab (RTX) may stabilize lung function, thus pre-
venting further FVC and/or  DLCO decline [106–108]. In a 
monocentric study, the association of RTX and oral MMF, 
which is frequently used in clinical practice in severe ILD 
cases, showed a good efficacy and safety profile [109]. RTX 
is considered mainly in SSc-ILD cases refractory to con-
ventional treatment, but recent data suggest RTX may be 
considered also as an early treatment option as a valid alter-
native to CYC [110]. In early diffuse SSc, tocilizumab (TCZ) 
treatment was associated with a lower proportion of patients 
experiencing a decline in FVC > 10% compared to placebo, 
although decline in lung function was not the primary end-
point of the study [111, 112]. In addition, subsequent analy-
sis showed that TCZ was also associated with improvement 
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of ILD compared to placebo, independent of the radiological 
extent of ILD [111]–[113]. Based on these data, the US Food 
and Drug Administration (FDA) approved tocilizumab for 
the treatment of SSc-ILD in March 2021. The evidence on 
the efficacy of abatacept (ABA), a soluble chimeric cyto-
toxic T- lymphocyte antigen 4 (CTLA4) protein, in SSc-ILD 
is limited: a multicentre double-blind randomized controlled 
trial showed no changes in FVC after 12 months of treatment 
in patients with diffuse cutaneous SSc [114]. Other small 
studies showed no effect on lung fibrosis or lung function in 
patients with SSc-ILD when ABA was prescribed for joint 
involvement [115, 116].

Based on preclinical evidence and clinical similarities 
between IPF and SSc-ILD, a phase III double-blinded, ran-
domized, placebo-controlled study (SENSCIS trial) evalu-
ated the safety and efficacy of nintedanib, an inhibitor of 
fibroblast growth factor receptors (FGFRs), platelet-derived 
growth factor receptors (PDGFRs) and vascular endothelial 
growth factor receptors (VEGFRs), for at least 52 weeks in 
patients with SSc-ILD [117]. Nintedanib treated patients 
experienced a statistically significant lower annual rate of 
decline in FVC compared with patients randomized to pla-
cebo (-52.4 mL/year vs. -93.3%, respectively) [117]. Nin-
tedanib has been approved by the FDA and the European 
Medical Agency (EMA) for the treatment of SSc-ILD in 
September 2019 and April 2020, respectively. In addition, 
the most recent treatment algorithms in SSc-ILD suggest 
considering nintedanib both as a possible initial mono-
therapy and as a combination therapy in cases that progress 
despite immunosuppressants [118].

Rheumatoid Arthritis

The optimal treatment of RA-ILD has not been determined 
and is largely based on data derived from other ARDs-ILD, 
particularly SSc-ILD [3].

Glucocorticoids represent the first-line treatment, gener-
ally with oral prednisone at a daily dose of 0.5 mg/kg, with 
gradual tapering over weeks to months based on clinical 
response [3]. An immunosuppressive agent such as MMF 
or AZA may be added in patients who fail to respond to 
or experience intolerable side effects from corticosteroid 
treatment [3]. The safety and efficacy of MMF have been 
examined in a large group of patients with ARDs-ILD, 
including 18 patients with RA-ILD, treated with MMF for 
a median of 897 days. Overall, treatment with MMF was 
associated with either stable or improved pulmonary func-
tion. Among patients with RA-ILD, FVC trended downward 
prior to MMF initiation and upward following MMF treat-
ment [119].

Observational and retrospective studies show that RTX 
may stabilize or even improve lung function over a pro-
longed follow-up period [120, 121]. TCZ may be used for 

treatment of patients with RA not responsive to Disease 
modifying anti-rheumatic drugs (DMARDs) to reduce dis-
ease activity and improve clinical, radiological, functional 
and patient-reported outcomes [97]. However, the effect 
of TCZ on the natural history of RA-ILD remains unclear 
[97]. An observational, multicentre study including RA-ILD 
patients showed a stabilization of lung function with ABA 
after a median follow-up of 12 months [122]. A significant 
number of patients with RA (n = 89) were enrolled in the 
INBUILD trial, which evaluated the efficacy of nintedanib 
vs. placebo in ILD patients with a progressive phenotype 
(i.e. functional and/or radiological progression or symptoms 
worsening within the previous 24 months) despite optimal 
treatment [11, 123]. Over the 52-week study duration, nin-
tedanib as compared to placebo reduced the annual rate of 
FVC decline in patients with chronic progressive fibrosing 
ILD, irrespective of the underlying ILD diagnosis [123].

Idiopathic Inflammatory Myositis

No evidence-based guidelines exist regarding treatment of 
IIMs-ILD [98]. Since clinical features, treatment response 
and prognosis are highly variable among IIMs patients, the 
initial treatment should be based on ILD severity and mode 
of presentation [98]. For instance, amyopathic dermatomy-
ositis with anti-MDA5 positivity is associated with rapidly 
progressive ILD, GCs resistance and poor prognosis [98]. 
Conversely, anti-synthetase syndrome (with ARS antibod-
ies positivity) is associated with good response to GCs [98]. 
GCs are generally the first-line treatment, especially in 
patients with mild disease or chronic presentation [98, 124]. 
Other immunosuppressants are generally added in patients 
who fail to respond to GCs or suffer significant side effects 
[98, 124]. Observational studies have shown that MMF may 
improve or stabilize ILD in patients with IIMs [125, 126]. 
A retrospective study in patients with steroid-resistant ILD 
showed that treatment with CYC, AZA or MMF was asso-
ciated with stabilization of pulmonary function, improved 
dyspnoea and reduction of steroid dose [126]. RTX appeared 
to be effective as a rescue therapy in patients with IIMs-
ILD and progressive disease despite conventional therapy, 
including patients with anti-synthetase syndrome [127, 128]. 
Rapidly progressive forms, including those MDA5-related, 
are usually treated with high doses of GCs (i.e. 1 g/die for 
3 consecutive days), CYC, calcineurin inhibitors or RTX in 
case of disease refractory to conventional therapies [45, 98]. 
A multicentre prospective study showed that a combined 
immunosuppressive regimen with high-dose GCs, tacroli-
mus and intravenous CYC, determined an improvement in 
6-month survival rates in patients with MDA5 positive DM 
[129]. In addition, over a period of 52 weeks, improvements 
in anti-MDA-5 titers, serum ferritin levels, vital capacity and 
chest HRCT scores were observed [129]. Plasmapheresis 
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(PEx) was used as additional treatment in cases who failed 
to respond to combination therapy (usually those presenting 
with low lymphocyte count, high ferritin levels and hypox-
emia). A subsequent retrospective study demonstrated a bet-
ter survival in patients treated with PEx in addition to such 
combination therapy, suggesting that PEx is an effective 
adjuvant treatment in anti-MDA5-positive DM with rapidly 
progressive ILD [130].

In non-randomized retrospective studies, tacrolimus, a 
calcineurin inhibitor, has been shown to improve or stabi-
lize FVC and  DLCO in patients with progressive or refractory 
ARDs-ILD, especially polymyositis and dermatomyositis; in 
addition, it may lead to reduction and sometimes complete 
discontinuation of concomitant steroid/immunosuppres-
sive treatments [131, 132]. A randomized controlled pilot 
24-week trial, the ATtackMy-ILD trial, which is currently 
ongoing, will investigate the efficacy and safety of subcu-
taneous ABA compared with placebo in patients with anti-
synthetase syndrome and ILD [98].

LES and Sjoögren’s Syndrome

No evidence-based guidelines for treatment of SLE-ILD 
or SS-ILD are currently available. The first-line regimen 
typically includes GCs, alone or in association with other 
immunosuppressive agents such as CYC or MMF [133]. 
RTX has been suggested as a second-line therapy [133]. In 
DAH, the most frequently used therapies are high-dose i.v. 
GCs (particularly methylprednisolone), CYC and plasma-
pheresis, although the latter does not appear to influence out-
come [134]. Conversely, CYC was associated with improved 
survival [7, 94, 134]. RTX, in combination with GCs, may 
also be beneficial, though this has only been shown in case 
reports [57]. In SS, GCs, either alone or in combination 
with AZA or other immunosuppressants, are the treatment 
of choice [98]. In refractory cases, RTX should be consid-
ered [98].

Other thoracic involvements

The treatment of other thoracic manifestations of ARDs is 
not standardized, due to the paucity of sufficiently large case 
series or randomized clinical trials. Treatment of thoracic 
complications other than ILD is summarized in Table 1.

Conclusions

Autoimmune rheumatic diseases exhibit various patterns of 
thoracic involvement in terms of prevalence, organ involve-
ment, severity, progression and response to treatment, rang-
ing from subclinical/mild involvement to rapidly progressive 
forms. This heterogeneity in presentation and clinical course 

is likely to reflect differences in the underlying pathoge-
netic mechanisms, although immune system dysregulation 
and fibrosis are shared pathogenic mechanisms. Therefore, 
it is difficult to establish a uniform treatment strategy for 
thoracic involvement in ARDs, particularly for ARDs-ILD, 
which is the most frequent manifestation. Although tradi-
tional immunosuppressive drugs (e.g. cyclophosphamide, 
mycophenolate mofetil) remain the mainstay of treatment, in 
the last few years, new biologic and non-biologic DMARDs 
have demonstrated some benefits. In particular, anti-fibrotic 
treatment (i.e. nintedanib) has proven efficacious in reducing 
functional decline and disease progression in ARDs-ILD 
with a progressive phenotype despite optimal treatment, 
irrespective of the underlying rheumatic disease. Neverthe-
less, a better understanding of disease pathogenesis remains 
essential for both the development of more targeted therapies 
and the optimization of available treatments.

Acknowledgements The authors would like to thank Francesca Pelizzaro 
for the design of the figure.

Funding No funding was received to assist with the preparation of 
this manuscript.

Declarations 

Conflicts of Interest PS reports institutional grants, personal fees and 
non-financial support from PPM Services and Boehringer Ingelheim, 
institutional grants from Roche and personal fees from Galapagos, 
Chiesi, Novartis, Lupin, Pieris and Santhera Pharmaceuticals, out-
side of the submitted work. EZ received honoraria for lectures and 
educational events from Boehringer-Ingelheim, Actelion and GSK. 
LI received honoraria for lectures and educational events from GSK. 
TM reports consulting fees from Boehringer Ingelheim, Roche/Genen-
tech, Astra Zeneca, Bayer, Blade Therapeutics, Bristol-Myers Squibb, 
Galapagos, Galecto, GlaxoSmithKline, IQVIA, Pliant, Respivant, 
Theravance and Veracyte, and honoraria for lectures or educational 
events from Boehringer Ingelheim and Roche/Genentech. NB received 
a technical consultancy contract from Chiesi. EB reports personal fees 
from Roche and Boehringer Ingelheim, outside the submitted work. 
AD received honoraria/speaking fees from GSK, Eli-Lilly, Roche, 
Janssen, Pfizer. All other authors declared no relevant financial or non-
financial interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

http://creativecommons.org/licenses/by/4.0/


 Clinical Reviews in Allergy & Immunology

1 3

References

 1. Zanatta E, Colombo C, D’Amico G, d’Humières T, Dal Lin C, 
Tona F (2019) Inflammation and Coronary Microvascular Dys-
function in Autoimmune Rheumatic Diseases. Int J Mol Sci 
20(22):5563. https:// doi. org/ 10. 3390/ ijms2 02255 63

 2. Ferri C, Manfredi A, Sebastiani M, Colaci M, Giuggioli D, Vacchi 
C, Della Casa G, Cerri S, Torricelli P, Luppi F (2016) Intersti-
tial pneumonia with autoimmune features and undifferentiated 
connective tissue disease: Our interdisciplinary rheumatology-
pneumology experience, and review of the literature. Autoimmun 
Rev 15(1):61–70. https:// doi. org/ 10. 1016/j. autrev. 2015. 09. 003

 3. Spagnolo P, Lee JS, Sverzellati N, Rossi G, Cottin V (2018) 
The Lung in Rheumatoid Arthritis: Focus on Interstitial Lung 
Disease. Arthritis Rheumatol 70(10):1544–1554. https:// doi. 
org/ 10. 1002/ art. 40574

 4. Aguilera-Pickens G, Abud-Mendoza C (2018) Pulmonary 
manifestations in systemic lupus erythematosus: pleural 
involvement, acute pneumonitis, chronic interstitial lung dis-
ease and diffuse alveolar hemorrhage. Reumatol Clin (Engl Ed) 
14(5):294–300. https:// doi. org/ 10. 1016/j. reuma. 2018. 03. 012

 5. Balbir-Gurman A, Yigla M, Nahir AM, Braun-Moscovici Y 
(2006) Rheumatoid pleural effusion. Semin Arthritis Rheum 
35(6):368–378. https:// doi. org/ 10. 1016/j. semar thrit. 2006. 03. 
002

 6. Bouros D, Pneumatikos I, Tzouvelekis A (2008) Pleural involve-
ment in systemic autoimmune disorders. Respiration 75(4):361–
371. https:// doi. org/ 10. 1159/ 00011 9051

 7. Ha YJ, Lee YJ, Kang EH (2018) Lung Involvements in Rheu-
matic Diseases: Update on the Epidemiology, Pathogenesis, 
Clinical Features, and Treatment. Biomed Res Int 2018:6930297. 
https:// doi. org/ 10. 1155/ 2018/ 69302 97

 8. Zanatta E, Polito P, Famoso G, Larosa M, De Zorzi E, Scarpieri 
E, Cozzi F, Doria A (2019) Pulmonary arterial hypertension in 
connective tissue disorders: Pathophysiology and treatment. Exp 
Biol Med (Maywood) 244(2):120–131. https:// doi. org/ 10. 1177/ 
15353 70218 824101

 9. Hughes M, Zanatta E, Sandler RD, Avouac J, Allanore Y (2021) 
Improvement with time of vascular outcomes in systemic sclero-
sis: a systematic review and meta-analysis study. Rheumatology 
(Oxford). https:// doi. org/ 10. 1093/ rheum atolo gy/ keab8 50

 10. Tyndall AJ, Bannert B, Vonk M et al (2010) Causes and risk 
factors for death in systemic sclerosis: a study from the EULAR 
Scleroderma Trials and Research (EUSTAR) database. Ann 
Rheum Dis 69(10):1809–1815. https:// doi. org/ 10. 1136/ ard. 2009. 
114264

 11. Flaherty KR, Wells AU, Cottin V et al (2019) Nintedanib in 
Progressive Fibrosing Interstitial Lung Diseases. N Engl J Med 
381(18):1718–1727. https:// doi. org/ 10. 1056/ NEJMo a1908 681

 12. Cottin V, Brown KK (2019) Interstitial lung disease associated 
with systemic sclerosis (SSc-ILD). Respir Res 20(1):13. https:// 
doi. org/ 10. 1186/ s12931- 019- 0980-7

 13. Hoffmann-Vold A-M, Maher TM, Philpot EE et al (2020) The 
identification and management of interstitial lung disease in sys-
temic sclerosis: evidence-based European consensus statements. 
Lancet Rheumatol 2(2):71–83. https:// doi. org/ 10. 1016/ S2665- 
9913(19) 30144-4

 14. Zanatta E, Martini A, Scarpieri E, Biasiolo A, Ortolan A, Benvenuti 
F, Cozzi F, Pontisso P, Doria A (2020) Squamous cell carcinoma 
antigen-IgM (SCCA-IgM) is associated with interstitial lung dis-
ease in systemic sclerosis. Joint Bone Spine 87(4):331–335. https:// 
doi. org/ 10. 1016/j. jbspin. 2020. 02. 003

 15. Elhai M, Hoffmann-Vold AM, Avouac J et al (2019) Performance 
of Candidate Serum Biomarkers for Systemic Sclerosis-Associated 

Interstitial Lung Disease. Arthritis Rheumatol 71(6):972–982. 
https:// doi. org/ 10. 1002/ art. 40815

 16. Allanore Y, Simms R, Distler O, Trojanowska M, Pope J, Denton 
CP, Varga J (2015) Systemic sclerosis. Nat Rev Dis Prim 1:15002. 
https:// doi. org/ 10. 1038/ nrdp. 2015.2

 17. Frantz C, Auffray C, Avouac J, Allanore Y (2018) Regulatory  
T cells in systemic sclerosis. Front Immunol 9:2356. https:// doi. 
org/ 10. 3389/ fimmu. 2018. 02356

 18. Odaka M, Hasegawa M, Hamaguchi Y, Ishiura N, Kumada  
S, Matsushita T, Komura K, Sato S, Takehara K, Fujimoto M 
(2010) Autoantibody-mediated regulation of B cell responses  
by functional anti-CD22 autoantibodies in patients with systemic 
sclerosis. Clin Exp Immunol 159(2):176–184. https:// doi. org/ 10. 
1111/j. 1365- 2249. 2009. 04059.x

 19. Sato S, Fujimoto M, Hasegawa M, Takehara K (2004) Altered 
blood B lymphocyte homeostasis in systemic sclerosis: Expanded 
naive B cells and diminished but activated memory B cells. 
Arthritis Rheum 50(6):1918–1927. https:// doi. org/ 10. 1002/ art. 
20274

 20. Sakkas LI, Bogdanos DP (2016) Systemic sclerosis: New evi-
dence re-enforces the role of B cells. Autoimmun Rev 15(2):155–
161. https:// doi. org/ 10. 1016/j. autrev. 2015. 10. 005

 21. Yoshizaki A (2018) Pathogenic roles of B lymphocytes in sys-
’temic sclerosis. Immunol Lett 195:76–82. https:// doi. org/ 10. 
1016/j. imlet. 2018. 01. 002

 22. Sakkas LI, Platsoucas CD (2004) Is systemic sclerosis an anti-
gen-driven T cell disease? Arthritis Rheum 50(6):1721–1733. 
https:// doi. org/ 10. 1002/ art. 20315

 23. Mo C, Zeng Z, Deng Q, Ding Y, Xiao R (2018) Imbalance 
between T helper 17 and regulatory T cell subsets plays a sig-
nificant role in the pathogenesis of systemic sclerosis. Biomed 
Pharmacother 108:177–183. https:// doi. org/ 10. 1016/j. biopha. 
2018. 09. 037

 24. Soldano S, Trombetta AC, Contini P, Tomatis V, Ruaro B,  
Brizzolara R, Montagna P, Sulli A, Paolino S, Pizzorni C,  
Smith V, Cutolo M (2018) Increase in circulating cells coex- 
pressing M1 and M2 macrophage surface markers in patients  
with systemic sclerosis. Ann Rheum Dis 77(12):1842–1845. 
https:// doi. org/ 10. 1136/ annrh eumdis- 2018- 213648

 25. Soldano S, Trombetta AC, Contini P, Tomatis V, Ruaro B, Brizzolara  
R, Montagna P, Sulli A, Paolino S, Pizzorni C, Smith V, Cutolo 
M (2018) A circulating cell population showing both M1 and M2 
monocyte/macrophage surface markers characterizes systemic scle- 
rosis patients with lung involvement. Respir Res 19(1):186. https:// 
doi. org/ 10. 1186/ s12931- 018- 0891-z

 26. Ruano CA, Lucas RN, Leal CI, Lourenço J, Pinheiro S, Fernandes 
O, Figueiredo L (2015) Thoracic Manifestations of Connective 
Tissue Diseases. Vol. 44. Curr Prob Diagnos Radiol 44(1):47–59. 
https:// doi. org/ 10. 1067/j. cprad iol. 2014. 07. 002

 27. Behr J, Furst DE (2008) Pulmonary function tests. Rheuma-
tology (Oxford) 47(Suppl 5): v 65–7. https:// doi. org/ 10. 1093/ 
rheum atolo gy/ ken313.

 28. Demoruelle MK, Mittoo S, Solomon JJ (2016) Connective tissue 
disease-related interstitial lung disease. Best Pract Res Clin Rheu-
matol 30(1):39–52. https:// doi. org/ 10. 1016/j. berh. 2016. 04. 006

 29. Steen VD, Conte C, Owens GR, Medsger TA Jr (1994) Severe 
restrictive lung disease in systemic sclerosis. Arthritis Rheum 
37(9):1283–1289. https:// doi. org/ 10. 1002/ art. 17803 70903

 30. Schurawitzki H, Stiglbauer R, Graninger W, Herold C, Pölzleitner 
D, Burghuber OC, Tscholakoff D (1990) Interstitial lung disease 
in progressive systemic sclerosis: high-resolution CT versus radi-
ography. Radiology 176(3):755–759. https:// doi. org/ 10. 1148/ 
radio logy. 176.3. 23890 33

 31. Wu W, Jordan S, Becker MO, Dobrota R, Maurer B, Fretheim 
H, Ye S, Siegert E, Allanore Y, Hoffmann-Vold AM, Distler O 
(2018) Prediction of progression of interstitial lung disease in 

https://doi.org/10.3390/ijms20225563
https://doi.org/10.1016/j.autrev.2015.09.003
https://doi.org/10.1002/art.40574
https://doi.org/10.1002/art.40574
https://doi.org/10.1016/j.reuma.2018.03.012
https://doi.org/10.1016/j.semarthrit.2006.03.002
https://doi.org/10.1016/j.semarthrit.2006.03.002
https://doi.org/10.1159/000119051
https://doi.org/10.1155/2018/6930297
https://doi.org/10.1177/1535370218824101
https://doi.org/10.1177/1535370218824101
https://doi.org/10.1093/rheumatology/keab850
https://doi.org/10.1136/ard.2009.114264
https://doi.org/10.1136/ard.2009.114264
https://doi.org/10.1056/NEJMoa1908681
https://doi.org/10.1186/s12931-019-0980-7
https://doi.org/10.1186/s12931-019-0980-7
https://doi.org/10.1016/S2665-9913(19)30144-4
https://doi.org/10.1016/S2665-9913(19)30144-4
https://doi.org/10.1016/j.jbspin.2020.02.003
https://doi.org/10.1016/j.jbspin.2020.02.003
https://doi.org/10.1002/art.40815
https://doi.org/10.1038/nrdp.2015.2
https://doi.org/10.3389/fimmu.2018.02356
https://doi.org/10.3389/fimmu.2018.02356
https://doi.org/10.1111/j.1365-2249.2009.04059.x
https://doi.org/10.1111/j.1365-2249.2009.04059.x
https://doi.org/10.1002/art.20274
https://doi.org/10.1002/art.20274
https://doi.org/10.1016/j.autrev.2015.10.005
https://doi.org/10.1016/j.imlet.2018.01.002
https://doi.org/10.1016/j.imlet.2018.01.002
https://doi.org/10.1002/art.20315
https://doi.org/10.1016/j.biopha.2018.09.037
https://doi.org/10.1016/j.biopha.2018.09.037
https://doi.org/10.1136/annrheumdis-2018-213648
https://doi.org/10.1186/s12931-018-0891-z
https://doi.org/10.1186/s12931-018-0891-z
https://doi.org/10.1067/j.cpradiol.2014.07.002
https://doi.org/10.1093/rheumatology/ken313
https://doi.org/10.1093/rheumatology/ken313
https://doi.org/10.1016/j.berh.2016.04.006
https://doi.org/10.1002/art.1780370903
https://doi.org/10.1148/radiology.176.3.2389033
https://doi.org/10.1148/radiology.176.3.2389033


Clinical Reviews in Allergy & Immunology 

1 3

patients with systemic sclerosis: the SPAR model. Ann Rheum Dis 
77:1326–1332. https:// doi. org/ 10. 1136/ annrh eumdis- 2018- 213201

 32. Winstone TA, Assayag D, Wilcox PG, Dunne JV, Hague CJ, 
Leipsic J, Collard HR, Ryerson CJ (2014) Predictors of Mortal-
ity and Progression in Scleroderma-Associated Interstitial Lung 
Disease. Chest 146(2):422–436. https:// doi. org/ 10. 1378/ chest. 
13- 2626

 33. Cappelli S, Bellando Randone S, Camiciottoli G, De Paulis A,  
Guiducci S, Matucci-Cerinic M (2015) Interstitial lung dis-
ease in systemic sclerosis: where do we stand? Eur Respir Rev 
24(137):411–419. https:// doi. org/ 10. 1183/ 16000 617. 00002 915

 34. Yang JA, Lee JS, Park JK, Lee EB, Song YW, Lee EY (2019) 
Clinical characteristics associated with occurrence and poor 
prognosis of interstitial lung disease in rheumatoid arthritis. 
Korean J Intern Med 34(2):434–441. https:// doi. org/ 10. 3904/ 
kjim. 2016. 349

 35. Li L, Liu R, Zhang Y, Zhou J, Li Y, Xu Y, Gao S, Zheng Y 
(2020) A retrospective study on the predictive implications of 
clinical characteristics and therapeutic management in patients 
with rheumatoid arthritis-associated interstitial lung disease. 
Clin Rheumatol 39(5):1457–1470. https:// doi. org/ 10. 1007/ 
s10067- 019- 04846-1

 36. Qiu M, Jiang J, Nian X, Wang Y, Yu P, Song J, Zou S (2021) 
Factors associated with mortality in rheumatoid arthritis-
associated interstitial lung disease: a systematic review and 
meta-analysis. Respir Res 22(1):264. https:// doi. org/ 10. 1186/ 
s12931- 021- 01856-z

 37. Catrina AI, Ytterberg AJ, Reynisdottir G, Malmström V, 
Klareskog L (2014) Lungs, joints and immunity against citrul-
linated proteins in rheumatoid arthritis. Nat Rev Rheumatol 
10(11): 645–53. https:// doi. org/ 10. 1038/ nrrhe um. 2014. 115

 38. Johnson C (2017) Recent advances in the pathogenesis, predic-
tion, and management of rheumatoid arthritis-associated intersti-
tial lung disease. Curr Opin Rheumatol 29(3):254–259. https:// 
doi. org/ 10. 1097/ BOR. 00000 00000 000380

 39. Wang D, Zhang J, Lau J, Wang S, Taneja V, Matteson EL, Vassallo 
R (2019) Mechanisms of lung disease development in rheumatoid 
arthritis. Nat Rev Rheumatol 15(10):581–596. https:// doi. org/ 10. 
1038/ s41584- 019- 0275-

 40. Willis VC, Demoruelle MK, Derber LA, Chartier-Logan CJ, 
Parish MC, Pedraza IF, Weisman MH, Norris JM, Holers VM, 
Deane KD (2013) Sputum autoantibodies in patients with estab-
lished rheumatoid arthritis and subjects at risk of future clinically 
apparent disease. Arthritis Rheum 65(10):2545–2554. https:// doi. 
org/ 10. 1002/ art. 38066

 41. Reynisdottir G, Karimi R, Joshua V, Olsen H, Hensvold AH,  
Harju A, Engström M, Grunewald J, Nyren S, Eklund A, 
Klareskog L, Sköld CM, Catrina AI (2014) Structural changes 
and antibody enrichment in the lungs are early features of anti- 
citrullinated protein antibody-positive rheumatoid arthritis. Arthritis  
Rheumatol 66(1):31–39. https:// doi. org/ 10. 1002/ art. 38201

 42. Brito Y, Glassberg MK, Ascherman DP (2017) Rheumatoid 
Arthritis-Associated Interstitial Lung Disease: Current Con-
cepts. Curr Rheumatol Rep 9;19(12): 79. https:// doi. org/ 10. 1007/ 
s11926- 017- 0701-5

 43. Nurmi HM, Purokivi MK, Kärkkäinen MS et al (2016) Variable 
course of disease of rheumatoid arthritis-associated usual inter-
stitial pneumonia compared to other subtypes. BMC Pulm Med 
16 (1): 107. https:// doi. org/ 10. 1136/ annrh eumdis- 2018- 213648

 44. Spagnolo P, Wuyts W (2017) Acute exacerbations of interstitial 
lung disease: Lessons from idiopathic pulmonary fibrosis. Curr 
Opin Pulm Med 23(5):411–417. https:// doi. org/ 10. 1097/ MCP. 
00000 00000 000405

 45. Long K, Danoff SK (2019) Interstitial Lung Disease in Poly-
myositis and Dermatomyositis. Clin Chest Med 40(3):561–572. 
https:// doi. org/ 10. 1016/j. ccm. 2019. 05. 004

 46. Gasparotto M, Gatto M, Saccon F, Ghirardello A, Iaccarino L, 
Doria A (2019) Pulmonary involvement in antisynthetase syn-
drome. Curr Opin Rheumatol 31(6):603–610. https:// doi. org/ 10. 
1097/ BOR. 00000 00000 000663

 47. Danoff SK, Casciola-Rosen L (2011) The lung as a possible 
target for the immune reaction in myositis Arthritis Res Ther 
13(4):230. https:// doi. org/ 10. 1186/ ar3347

 48. Howard OM, Dong HF, Yang D et al (2002) Histidyl-tRNA 
synthetase and asparaginyl-tRNA synthetase, autoantigens in 
myositis, activate chemokine receptors on T lymphocytes and 
immature dendritic cells. J Exp Med 196(6):781–791. https:// 
doi. org/ 10. 1084/ jem. 20020 186

 49. Fukushima Y, Takeda A, Matsutani T, Fukushima F, Furihata 
T, Maezawa R, Miyoshi M, Hirata H, Sugiyama K, Okada M, 
Fukuda T (2013) Involvement of antigen-driven mechanisms in  
interstitial pneumonia with polymyositis. Rheumatology (Oxford)  
52(8):1537–1540. https:// doi. org/ 10. 1093/ rheum atolo gy/ ket003

 50. Hallowell RW, Danoff SK (2014) Interstitial lung disease asso-
ciated with the idiopathic inflammatory myopathies and the 
antisynthetase syndrome: Recent advances. Curr Opin Rheumatol 
26(6):684–689. https:// doi. org/ 10. 1097/ BOR. 00000 00000 000104

 51. Eloranta ML, Barbasso Helmers S, Ulfgren AK, Rönnblom L, 
Alm GV, Lundberg IE (2007) A possible mechanism for endog-
enous activation of the type I interferon system in myositis 
patients with anti-Jo-1 or anti-Ro 52/anti-Ro 60 autoantibodies. 
Arthritis Rheum 56(9):3112–3124. https:// doi. org/ 10. 1002/ art. 
22860

 52. Hervier B, Perez M, Allenbach Y, Devilliers H, Cohen F, Uzunhan 
Y, Ouakrim H, Dorgham K, Méritet JF, Longchampt E, Stenzel W, 
Cremer I, Benveniste O, Vieillard V (2016) Involvement of NK 
Cells and NKp30 Pathway in Antisynthetase Syndrome. J Immu-
nol 197(5):1621–1630. https:// doi. org/ 10. 4049/ jimmu nol. 15019 02

 53. Mimori T, Nakashima R, Hosono Y (2012) Interstitial lung dis-
ease in myositis: clinical subsets, biomarkers, and treatment. 
Curr Rheumatol Rep 14(3):264–274. https:// doi. org/ 10. 1007/ 
s11926- 012- 0246-6

 54. Wu W, Guo L, Fu Y, Wang K, Zhang D, Xu W, Chen Z, Ye S  
(2021) Interstitial Lung Disease in Anti-MDA5 Positive Der- 
matomyositis. Clin Rev Allergy Immunol 60(2):293–304. https:// 
doi. org/ 10. 1007/ s12016- 020- 08822-5

 55. Atzeni F, Gerardi MC, Barilaro G, Masala IF, Benucci M, Sarzi-
Puttini P (2018) Interstitial lung disease in systemic autoimmune 
rheumatic diseases: a comprehensive review. Expert Rev Clin 
Immunol 14(1):69–82. https:// doi. org/ 10. 1080/ 17446 66X. 2018. 
14111 90

 56. Rojas CM, Borella E, Palma L, Ragozzino S, De Ramón E, 
Gomez-Huelgas R, Punzi L, Doria A (2015) Bronchiolitis oblit-
erans organizing pneumonia in patients with autoimmune rheu-
matic diseases. Immunol Res 61(1–2):97–103. https:// doi. org/  
10. 1007/ s12026- 014- 8607-z

 57. Depascale R, Del Frate G, Gasparotto M, Manfrè V, Gatto M, 
Iaccarino L, Quartuccio L, De Vita S, Doria A (2021) Diagnosis 
and management of lung involvement in systemic lupus erythe-
matosus and Sjögren's syndrome: a literature review. Ther Adv 
Musculoskelet Dis 13: 1759720X211040696. https:// doi. org/ 10. 
1177/ 17597 20X21 10406 96

 58. Hatron PY, Tillie-Leblond I, Launay D, Hachulla E, Fauchais 
AL, Wallaert B (2011) Pulmonary manifestations of Sjögren’s 
syndrome. Presse Med 40(1 Pt 2):e49-64. https:// doi. org/ 10. 
1016/j. lpm. 2010. 11. 002

 59. Fortuna G, Brennan MT (2013) Systemic lupus erythematosus: 
epidemiology, pathophysiology, manifestations, and manage-
ment. Dent Clin North Am 57(4):631–655. https:// doi. org/ 10. 
1016/j. cden. 2013. 06. 003

https://doi.org/10.1136/annrheumdis-2018-213201
https://doi.org/10.1378/chest.13-2626
https://doi.org/10.1378/chest.13-2626
https://doi.org/10.1183/16000617.00002915
https://doi.org/10.3904/kjim.2016.349
https://doi.org/10.3904/kjim.2016.349
https://doi.org/10.1007/s10067-019-04846-1
https://doi.org/10.1007/s10067-019-04846-1
https://doi.org/10.1186/s12931-021-01856-z
https://doi.org/10.1186/s12931-021-01856-z
https://doi.org/10.1038/nrrheum.2014.115
https://doi.org/10.1097/BOR.0000000000000380
https://doi.org/10.1097/BOR.0000000000000380
https://doi.org/10.1038/s41584-019-0275-
https://doi.org/10.1038/s41584-019-0275-
https://doi.org/10.1002/art.38066
https://doi.org/10.1002/art.38066
https://doi.org/10.1002/art.38201
https://doi.org/10.1007/s11926-017-0701-5
https://doi.org/10.1007/s11926-017-0701-5
https://doi.org/10.1136/annrheumdis-2018-213648
https://doi.org/10.1097/MCP.0000000000000405
https://doi.org/10.1097/MCP.0000000000000405
https://doi.org/10.1016/j.ccm.2019.05.004
https://doi.org/10.1097/BOR.0000000000000663
https://doi.org/10.1097/BOR.0000000000000663
https://doi.org/10.1186/ar3347
https://doi.org/10.1084/jem.20020186
https://doi.org/10.1084/jem.20020186
https://doi.org/10.1093/rheumatology/ket003
https://doi.org/10.1097/BOR.0000000000000104
https://doi.org/10.1002/art.22860
https://doi.org/10.1002/art.22860
https://doi.org/10.4049/jimmunol.1501902
https://doi.org/10.1007/s11926-012-0246-6
https://doi.org/10.1007/s11926-012-0246-6
https://doi.org/10.1007/s12016-020-08822-5
https://doi.org/10.1007/s12016-020-08822-5
https://doi.org/10.1080/1744666X.2018.1411190
https://doi.org/10.1080/1744666X.2018.1411190
https://doi.org/10.1007/s12026-014-8607-z
https://doi.org/10.1007/s12026-014-8607-z
https://doi.org/10.1177/1759720X211040696
https://doi.org/10.1177/1759720X211040696
https://doi.org/10.1016/j.lpm.2010.11.002
https://doi.org/10.1016/j.lpm.2010.11.002
https://doi.org/10.1016/j.cden.2013.06.003
https://doi.org/10.1016/j.cden.2013.06.003


 Clinical Reviews in Allergy & Immunology

1 3

 60. Hannah JR, D’Cruz DP (2019) Pulmonary Complications of 
Systemic Lupus Erythematosus. Semin Respir Crit Care Med 
40(2):227–234. https:// doi. org/ 10. 1055/s- 0039- 16855 37

 61. Pego-Reigosa JM, Medeiros DA, Isenberg DA (2009) Respira-
tory manifestations of systemic lupus erythematosus: old and 
new concepts. Best Pract Res Clin Rheumatol 23(4):469–480. 
https:// doi. org/ 10. 1016/j. berh. 2009. 01. 002

 62. Demoruelle MK, Weisman MH, Simonian PL et al (2012) Brief 
report: airways abnormalities and rheumatoid arthritis-related 
autoantibodies in subjects without arthritis: early injury or initi-
ating site of autoimmunity? Arthritis Rheum 64(6):1756–1761. 
https:// doi. org/ 10. 1002/ art. 34344

 63. Esposito AJ, Chu SG, Madan R, Doyle TJ, Dellaripa PF (2019) 
Thoracic Manifestations of Rheumatoid Arthritis. Clin Chest 
Med 40(3):545–560. https:// doi. org/ 10. 1016/j. ccm. 2019. 05. 003

 64. Mori S, Koga Y, Sugimoto M (2012) Different risk factors 
between interstitial lung disease and airway disease in rheu-
matoid arthritis. Respir Med 106(11):1591–1599. https:// doi. org/  
10. 1016/j. rmed. 2012. 07. 006

 65. Wilsher M, Voight L, Milne D, Teh M, Good N, Kolbe J, Williams 
M, Pui K, Merriman T, Sidhu K, Dalbeth N (2012) Prevalence of 
airway and parenchymal abnormalities in newly diagnosed rheu-
matoid arthritis. Respir Med 106(10):1441–1446. https:// doi. org/ 
10. 1016/j. rmed. 2012. 06. 020

 66. Quirke AM, Perry E, Cartwright A, Kelly C, De Soyza A, 
Eggleton P, Hutchinson D, Venables PJ (2015) Bronchiec-
tasis is a model for chronic bacterial infection inducing 
autoimmunity in rheumatoid arthritis. Arthritis Rheumatol 
67(9):2335–2342. https:// doi. org/ 10. 1002/ art. 39226

 67. Yunt ZX, Solomon JJ (2015) Lung disease in rheumatoid arthri-
tis. Rheum Dis Clin North Am 41(2):225–236. https:// doi. org/ 
10. 1016/j. rdc. 2014. 12. 004

 68. Flament T, Bigot A, Chaigne B, Henique H, Diot E, Marchand-
Adam S (2016) Pulmonary manifestations of Sjögren’s syn-
drome. Eur Respir Rev 25(140):110–123. https:// doi. org/ 10. 
1183/ 16000 617. 0011- 2016

 69. Chung A, Wilgus ML, Fishbein G, Lynch JP 3rd (2019) Pul-
monary and Bronchiolar Involvement in Sjogren’s Syndrome. 
Semin Respir Crit Care Med 40(2):235–254. https:// doi. org/ 10. 
1055/s- 0039- 16884 48

 70. Andonopoulos AP, Constantopoulos SH, Galanopoulou V, 
Drosos AA, Acritidis NC (1988) Moutsopoulos HM. Pulmonary 
function of nonsmoking patients with systemic lupus erythema-
tosus. Chest 94(2): 312–5. https:// doi. org/ 10. 1378/ chest. 94.2. 312

 71. Kinney WW, Angelillo VA (1982) Bronchiolitis in systemic 
lupus erythematosus. Chest 82(5):646–649. https:// doi. org/ 10. 
1378/ chest. 82.5. 646

 72. Matthay RA, Schwarz MI, Petty TL, Stanford RE, Gupta RC, 
Sahn SA, Steigerwald JC (1975) Pulmonary manifestations of 
systemic lupus erythematosus: review of twelve cases of acute 
lupus pneumonitis. Medicine (Baltimore) 54(5):397–409. https:// 
doi. org/ 10. 1097/ 00005 792- 19750 9000- 00003

 73. Baisya R, Devarasetti PK, Uppin SG, Narayanan R, Rajasekhar 
L, Sreejitha KS (2021) Bronchiolitis obliterans organizing 
pneumonia as the pulmonary manifestation of lupus: A review 
of three cases. Lupus 30(2):336–341. https:// doi. org/ 10. 1177/ 
09612 03320 967439

 74. Solomon JJ, Olson AL, Fischer A, Bull T, Brown KK, Raghu G 
(2013) Scleroderma lung disease. Eur Respir Rev 22(127): 6–19. 
https:// doi. org/ 10. 1183/ 09059 180. 00005 512

 75. Bonifazi M, Sverzellati N, Negri E, Pomponio G, Seletti V, Bonini 
M, Fraticelli P, Paolini L, Mattioli M, Franchi M, Tramacere I, 
Poletti V, La Vecchia C, Gasparini S, Gabrielli A (2020) Increased 
prevalence of small airways dysfunction in patients with systemic 
sclerosis as determined by impulse oscillometry. Rheumatology 

(Oxford) 59(3):641–649. https:// doi. org/ 10. 1093/ rheum atolo gy/ 
kez340 (PMID: 31436799)

 76. Huges DT, Lee FI (1963) Lung function in patients with systemic 
sclerosis. Thorax 18(1):16–20. https:// doi. org/ 10. 1136/ thx. 18.1. 16

 77. Aronsson D, Hesselstrand R, Bozovic G, Wuttge DM, Tufves-
son E (2015) Airway resistance and reactance are affected in 
systemic sclerosis. Eur Clin Respir J 2:28667. https:// doi. org/ 10. 
3402/ ecrj. v2. 28667

 78. Choi BY, Yoon MJ, Shin K, Lee YJ, Song YW (2015) Charac-
teristics of pleural effusions in systemic lupus erythematosus: 
Differential diagnosis of lupus pleuritis. Lupus 24(3):321–326. 
https:// doi. org/ 10. 1177/ 09612 03314 555171

 79. Salomaa ER, Viander M, Saaresranta T, Terho EO (1998) Com-
plement components and their activation products in pleural 
fluid. Chest 114(3):723–730. https:// doi. org/ 10. 1378/ chest. 114.3. 
723

 80. Thompson AE, Pope JE (1998) A study of the frequency of peri-
cardial and pleural effusions in scleroderma. Br J Rheumatol 
37(12):1320–1323. https:// doi. org/ 10. 1093/ rheum atolo gy/ 37. 12. 
1320

 81. Kimura K, Ezoe K, Yokozeki H, Katayama I, Nishioka K (1995) 
Elevated serum CA125 in progressive systemic sclerosis with 
pleural effusion. J Dermatol 22(1):28–31. https:// doi. org/ 10. 
1111/j. 1346- 8138. 1995. tb033 36.x

 82. Highland KB, Heffner JE (2004) Pleural effusion in interstitial 
lung disease. Curr Opin Pulm Med 10(5):390–396. https:// doi. 
org/ 10. 1097/ 01. mcp. 00001 34390. 27904. a9

 83. Constantopoulos SH, Papadimitriou CS, Moutsopoulos HM 
(1985) Respiratory manifestations in primary Sjögren's syn-
drome. A clinical, functional, and histologic study. Chest. 88(2): 
226–9. https:// doi. org/ 10. 1378/ chest. 88.2. 226

 84. Strimlan CV, Rosenow EC 3rd, Divertie MB, Harrison EG Jr 
(1976) Pulmonary manifestations of Sjögren’s syndrome. Chest 
70(03):354–361. https:// doi. org/ 10. 1378/ chest. 70.3. 354

 85. Becker MO, Kill A, Kutsche M et al (2014) Vascular receptor 
autoantibodies in pulmonary arterial hypertension associated 
with systemic sclerosis. Am J Respir Crit Care Med 190(7):808–
817. https:// doi. org/ 10. 1164/ rccm. 201403- 0442OC

 86. Aithala R, Alex AG, Danda D (2017) Pulmonary hypertension in 
connective tissue diseases: an update. Int J Rheum Dis 20(1):5–
24. https:// doi. org/ 10. 1111/ 1756- 185X. 13001

 87. Sydykov A, Mamazhakypov A, Petrovic A, Kosanovic D, Sarybaev 
AS, Weissmann N, Ghofrani HA, Schermuly RT (2018) Inflam-
matory Mediators Drive Adverse Right Ventricular Remodeling 
and Dysfunction and Serve as Potential Biomarkers. Front Physiol 
9:609. https:// doi. org/ 10. 3389/ fphys. 2018. 00609

 88. Galiè N, Humbert M, Vachiery JL et al (2016) 2015 ESC/ERS 
Guidelines for the diagnosis and treatment of pulmonary hyper-
tension: The Joint Task Force for the Diagnosis and Treatment of 
Pulmonary Hypertension of the European Society of Cardiology 
(ESC) and the European Respiratory Society (ERS): Endorsed 
by: Association for European Paediatric and Congenital Cardi-
ology (AEPC), International Society for Heart and Lung Trans-
plantation (ISHLT). Eur Heart J 1;37(1): 67–119. https:// doi. org/ 
10. 1093/ eurhe artj/ ehv317

 89. Johnson SR, Granton JT (2011) Pulmonary hypertension in sys-
temic sclerosis and systemic lupus erythematosus. Eur Respir Rev 
20(122):277–286. https:// doi. org/ 10. 1183/ 09059 180. 00003 811

 90. Coghlan JG, Denton CP, Grünig E et al (2014) Evidence-based 
detection of pulmonary arterial hypertension in systemic scle-
rosis: the DETECT study. Ann Rheum Dis 73(7):1340–1349. 
https:// doi. org/ 10. 1136/ annrh eumdis- 2013- 203301

 91. Tselios K, Gladman DD, Urowitz MB (2016) Systemic lupus ery-
thematosus and pulmonary arterial hypertension: links, risks, and 
management strategies. Open Access Rheumatol 9:1–9. https:// 
 doi. org/ 10. 2147/ OARRR. S1235 49

https://doi.org/10.1055/s-0039-1685537
https://doi.org/10.1016/j.berh.2009.01.002
https://doi.org/10.1002/art.34344
https://doi.org/10.1016/j.ccm.2019.05.003
https://doi.org/10.1016/j.rmed.2012.07.006
https://doi.org/10.1016/j.rmed.2012.07.006
https://doi.org/10.1016/j.rmed.2012.06.020
https://doi.org/10.1016/j.rmed.2012.06.020
https://doi.org/10.1002/art.39226
https://doi.org/10.1016/j.rdc.2014.12.004
https://doi.org/10.1016/j.rdc.2014.12.004
https://doi.org/10.1183/16000617.0011-2016
https://doi.org/10.1183/16000617.0011-2016
https://doi.org/10.1055/s-0039-1688448
https://doi.org/10.1055/s-0039-1688448
https://doi.org/10.1378/chest.94.2.312
https://doi.org/10.1378/chest.82.5.646
https://doi.org/10.1378/chest.82.5.646
https://doi.org/10.1097/00005792-197509000-00003
https://doi.org/10.1097/00005792-197509000-00003
https://doi.org/10.1177/0961203320967439
https://doi.org/10.1177/0961203320967439
https://doi.org/10.1183/09059180.00005512
https://doi.org/10.1093/rheumatology/kez340
https://doi.org/10.1093/rheumatology/kez340
https://doi.org/10.1136/thx.18.1.16
https://doi.org/10.3402/ecrj.v2.28667
https://doi.org/10.3402/ecrj.v2.28667
https://doi.org/10.1177/0961203314555171
https://doi.org/10.1378/chest.114.3.723
https://doi.org/10.1378/chest.114.3.723
https://doi.org/10.1093/rheumatology/37.12.1320
https://doi.org/10.1093/rheumatology/37.12.1320
https://doi.org/10.1111/j.1346-8138.1995.tb03336.x
https://doi.org/10.1111/j.1346-8138.1995.tb03336.x
https://doi.org/10.1097/01.mcp.0000134390.27904.a9
https://doi.org/10.1097/01.mcp.0000134390.27904.a9
https://doi.org/10.1378/chest.88.2.226
https://doi.org/10.1378/chest.70.3.354
https://doi.org/10.1164/rccm.201403-0442OC
https://doi.org/10.1111/1756-185X.13001
https://doi.org/10.3389/fphys.2018.00609
https://doi.org/10.1093/eurheartj/ehv317
https://doi.org/10.1093/eurheartj/ehv317
https://doi.org/10.1183/09059180.00003811
https://doi.org/10.1136/annrheumdis-2013-203301
https://doi.org/10.2147/OARRR.S123549
https://doi.org/10.2147/OARRR.S123549


Clinical Reviews in Allergy & Immunology 

1 3

 92. Sasaki N, Kamataki A, Sawai T (2011) A histopathological 
study of pulmonary hypertension in connective 1tissue disease. 
Allergol Int 60(4): 411–7. https:// doi. org/ 10. 2332/ aller golint. 
11- RAI- 0337

 93. Sun F, Lei Y, Wu W, Guo L, Wang K, Chen Z, Xu W, Wang X, 
Li T, Zhang X, Ye S (2019) Two distinct clinical phenotypes 
of pulmonary arterial hypertension secondary to systemic lupus 
erythematosus. Ann Rheum Dis 78(1):148–150. https:// doi. org/ 
10. 1136/ annrh eumdis- 2018- 214197

 94. Al-Adhoubi NK, Bystrom J (2020) Systemic lupus erythemato-
sus and diffuse alveolar hemorrhage, etiology and novel treat-
ment strategies. Lupus 29(4):355–363. https:// doi. org/ 10. 1177/ 
09612 03320 903798

 95. Montani D, Henry J, O’Connell C, Jaïs X, Cottin V, Launay D, 
Habib G, Bourdin A, Jevnikar M, Savale L, Rottat L, Simonneau 
G, Sitbon O, Humbert M, Allanore Y (2018) Association between 
rheumatoid arthritis and pulmonary hypertension: Data from the 
French pulmonary hypertension registry. Respiration 95(4):244–
250. https:// doi. org/ 10. 1159/ 00048 5631

 96. Goh NS, Desai SR, Veeraraghavan S, Hansell DM, Copley SJ, 
Maher TM, Corte TJ, Sander CR, Ratoff J, Devaraj A, Bozovic 
G, Denton CP, Black CM, du Bois RM, Wells AU (2008) Inter-
stitial lung disease in systemic sclerosis: a simple staging system. 
Am J Respir Crit Care Med 177(11):1248–1254. https:// doi. org/ 
10. 1164/ rccm. 200706- 877OC

 97. Jee AS, Corte TJ (2019) Current and Emerging Drug Thera-
pies for Connective Tissue Disease-Interstitial Lung Disease 
(CTD-ILD). Drugs 79(14):1511–1528. https:// doi. org/ 10. 1007/ 
s40265- 019- 01178-x

 98. Vacchi C, Sebastiani M, Cassone G, Cerri S, Della Casa G, 
Salvarani C, Manfredi A (2020) Therapeutic Options for the 
Treatment of Interstitial Lung Disease Related to Connective 
Tissue Diseases. A Narrative Review J Clin Med 9(2):407. 
https:// doi. org/ 10. 3390/ jcm90 20407

 99. Tashkin DP, Elashoff R, Clements PJ et al (2006) Cyclophospha-
mide versus placebo in scleroderma lung disease. N Engl J Med 
354(25):2655–2666. https:// doi. org/ 10. 1056/ NEJMo a0551 20

 100. Tashkin DP, Elashoff R, Clements PJ et  al (2007) Effects 
of 1-Year Treatment with Cyclophosphamide on Outcomes 
at 2 Years in Scleroderma Lung Disease. Am J Respir Crit 
Care Med 176(10):1026–1034. https:// doi. org/ 10. 1164/ rccm. 
200702- 326OC

 101. Fischer A, Brown KK, Du Bois RM, Frankel SK, Cosgrove GP, 
Fernandez-Perez ER, Huie TJ, Krishnamoorthy M, Meehan RT, 
Olson AL, Solomon JJ, Swigris JJ (2013) Mycophenolate mofetil 
improves lung function in connective tissue disease-associated 
interstitial lung disease. J Rheumatol 40(5):640–646. https:// doi. 
org/ 10. 3899/ jrheum. 121043

 102. Tashkin DP, Roth MD, Clements PJ et al (2016) Mycophenolate 
mofetil versus oral cyclophosphamide in scleroderma-related inter-
stitial lung disease (SLS II): a randomised controlled, double-blind, 
parallel group trial. Lancet Respir Med 4(9):708–719. https:// doi. 
org/ 10. 1016/ S2213- 2600(16) 30152-7

 103. Hoyles RK, Ellis RW, Wellsbury J, Lees B, Newlands P, Goh 
NS, Roberts C, Desai S, Herrick AL, McHugh NJ, Foley NM, 
Pearson SB, Emery P, Veale DJ, Denton CP, Wells AU, Black 
CM, du Bois RM (2006) A multicenter, prospective, randomized, 
double-blind, placebo-controlled trial of corticosteroids and 
intravenous cyclophosphamide followed by oral azathioprine 
for the treatment of pulmonary fibrosis in scleroderma. Arthritis 
Rheum 54(12):3962–3970. https:// doi. org/ 10. 1002/ art. 22204

 104. Kowal-Bielecka O, Fransen J, Avouac J et al (2017) Update of 
EULAR recommendations for the treatment of systemic sclero- 
sis. Ann Rheum Dis 76(8):1327–1339. https:// doi. org/ 10. 1136/ 
annrh eumdis- 2016- 209909

 105. Volkmann ER, Tashkin DP (2016) Treatment of Systemic Sclerosis-
related Interstitial Lung Disease: A Review of Existing and Emerg-
ing Therapies. Ann Am Thorac Soc 13(11): 2045–2056. https:// doi. 
org/ 10. 1513/ Annal sATS. 201606- 426FR

 106. Jordan S, Distler JH, Maurer B, Huscher D, van Laar JM, Allanore 
Y, Distler O (2015) Effects and safety of rituximab in systemic 
sclerosis: An analysis from the European Scleroderma Trial and 
Research (EUSTAR) group. Ann Rheum Dis 74(6):1188–1194. 
https:// doi. org/ 10. 1136/ annrh eumdis- 2013- 204522

 107. Bosello SL, De Luca G, Rucco M, Berardi G, Falcione M, Danza 
FM, Pirronti T, Ferraccioli G (2015) Long-term efficacy of B cell 
depletion therapy on lung and skin involvement in diffuse sys-
temic sclerosis. Semin Arthritis Rheum 44(4):428–436. https:// 
doi. org/ 10. 1016/j. semar thrit. 2014. 09. 002

 108. Elhai M, Boubaya M, Distler O et al (2019) Outcomes of patients 
with systemic sclerosis treated with rituximab in contemporary 
practice: a prospective cohort study. Ann Rheum Dis 78(7):979–
987. https:// doi. org/ 10. 1136/ annrh eumdis- 2018- 214816

 109. Zanatta E, Codullo V, Avouac J, Allanore Y (2020) Systemic scle-
rosis: Recent insight in clinical management. Joint Bone Spine 
87(4):293–299. https:// doi. org/ 10. 1016/j. jbspin. 2019. 09. 015

 110. Sircar G, Goswami RP, Sircar D, Ghosh A, Ghosh P (2018) Intra-
venous cyclophosphamide vs rituximab for the treatment of early 
diffuse scleroderma lung disease: open label, randomized, con-
trolled trial. Rheumatology (Oxford) 57(12):2106–2113. https:// 
doi. org/ 10. 1093/ rheum atolo gy/ key213

 111. Khanna D, Lin CJF, Furst DE, Goldin J, Kim G, Kuwana M, 
Allanore Y, Matucci-Cerinic M, Distler O, Shima Y, van Laar 
JM, Spotswood H, Wagner B, Siegel J, Jahreis A, Denton CP; 
focuSSced investigators (2020) Tocilizumab in systemic scle-
rosis: a randomised, double-blind, placebo-controlled, phase 3 
trial. Lancet Respir Med 8(10): 963–974. https:// doi. org/ 10. 1016/ 
S2213- 2600(20) 30318-0

 112. Khanna D, Denton CP, Lin CJF, van Laar JM, Frech TM, Anderson  
ME, Baron M, Chung L, Fierlbeck G, Lakshminarayanan S,  
Allanore Y, Pope JE, Riemekasten G, Steen V, Müller-Ladner  
U, Spotswood H, Burke L, Siegel J, Jahreis A, Furst DE (2018) 
Safety and efficacy of subcutaneous tocilizumab in systemic scle-
rosis: Results from the open-label period of a phase II randomised 
controlled trial (faSScinate). Ann Rheum Dis 77(2):212–220. 
 https:// doi. org/ 10. 1136/ annrh eumdis- 2017- 211682

 113. Roofeh D, Lin CJF, Goldin J, Kim GH, Furst DE, Denton CP, 
Huang S, Khanna D, focuSSced Investigators (2021) Tocilizumab 
Prevents Progression of Early Systemic Sclerosis-Associated  
Interstitial Lung Disease. Arthritis Rheumatol 73(7):1301–1310. 
https:// doi. org/ 10. 1002/ art. 41668

 114. Khanna D, Spino C, Johnson S et al (2020) Abatacept in Early 
Diffuse Cutaneous Systemic Sclerosis: Results of a Phase II 
Investigator-Initiated, Multicenter, Double-Blind, Randomized. 
Placebo-Controlled Trial Arthritis Rheumatol 72(1):125–136. 
https:// doi. org/ 10. 1002/ art. 41055

 115. Castellví I, Elhai M, Bruni C, Airò P, Jordan S, Beretta L, Codullo 
V, Montecucco CM, Bokarewa M, Iannonne F, Balbir A, Hsu 
VM, Distler O, Matucci-Cerinic M, Allanore Y (2020) For EUS-
TAR network. Safety and effectiveness of abatacept in systemic 
sclerosis: The EUSTAR experience. Semin Arthritis Rheum 50 
(6): 1489–1493. https:// doi. org/ 10. 1016/j. semar thrit. 2019. 12. 004

 116. Elhai M, Meunier M, Matucci-Cerinic M et al (2013) Outcomes 
of patients with systemic sclerosis-associated polyarthritis and 
myopathy treated with tocilizumab or abatacept: A EUSTAR 
observational study. Ann Rheum Dis 72(7):1217–1220. https:// 
doi. org/ 10. 1136/ annrh eumdis- 2018- 214816

 117. Distler O, Highland KB, Gahlemann M, Azuma A, Fischer A, 
Mayes MD, Raghu G, Sauter W, Girard M, Alves M, Clerisme-
Beaty E, Stowasser S, Tetzlaff K, Kuwana M, Maher TM (2019) 

https://doi.org/10.2332/allergolint.11-RAI-0337
https://doi.org/10.2332/allergolint.11-RAI-0337
https://doi.org/10.1136/annrheumdis-2018-214197
https://doi.org/10.1136/annrheumdis-2018-214197
https://doi.org/10.1177/0961203320903798
https://doi.org/10.1177/0961203320903798
https://doi.org/10.1159/000485631
https://doi.org/10.1164/rccm.200706-877OC
https://doi.org/10.1164/rccm.200706-877OC
https://doi.org/10.1007/s40265-019-01178-x
https://doi.org/10.1007/s40265-019-01178-x
https://doi.org/10.3390/jcm9020407
https://doi.org/10.1056/NEJMoa055120
https://doi.org/10.1164/rccm.200702-326OC
https://doi.org/10.1164/rccm.200702-326OC
https://doi.org/10.3899/jrheum.121043
https://doi.org/10.3899/jrheum.121043
https://doi.org/10.1016/S2213-2600(16)30152-7
https://doi.org/10.1016/S2213-2600(16)30152-7
https://doi.org/10.1002/art.22204
https://doi.org/10.1136/annrheumdis-2016-209909
https://doi.org/10.1136/annrheumdis-2016-209909
https://doi.org/10.1513/AnnalsATS.201606-426FR
https://doi.org/10.1513/AnnalsATS.201606-426FR
https://doi.org/10.1136/annrheumdis-2013-204522
https://doi.org/10.1016/j.semarthrit.2014.09.002
https://doi.org/10.1016/j.semarthrit.2014.09.002
https://doi.org/10.1136/annrheumdis-2018-214816
https://doi.org/10.1016/j.jbspin.2019.09.015
https://doi.org/10.1093/rheumatology/key213
https://doi.org/10.1093/rheumatology/key213
https://doi.org/10.1016/S2213-2600(20)30318-0
https://doi.org/10.1016/S2213-2600(20)30318-0
https://doi.org/10.1136/annrheumdis-2017-211682
https://doi.org/10.1002/art.41668
https://doi.org/10.1002/art.41055
https://doi.org/10.1016/j.semarthrit.2019.12.004
https://doi.org/10.1136/annrheumdis-2018-214816
https://doi.org/10.1136/annrheumdis-2018-214816


 Clinical Reviews in Allergy & Immunology

1 3

SENSCIS Trial Investigators. Nintedanib for Systemic Sclero-
sis–Associated Interstitial Lung Disease. N Engl J Med 380 (26): 
2518–2528. https:// doi. org/ 10. 1056/ NEJMo a1903 076

 118. Roofeh D, Distler O, Allanore Y, Denton CP, Khanna D (2020) 
Treatment of systemic sclerosis associated ILD: Lessons from 
clinical trials. J Scleroderma Relat Disord 5(2 Suppl): 61–71. 
J. Johow et al (2021) “Pirfenidone in patients with progressive 
fibrotic interstitial lung diseases other than idiopathic pulmonary 
fibrosis (RELIEF): a double-blind, randomised, placebo-con-
trolled, phase 2b trial”. https:// doi. org/ 10. 1016/ S2213- 2600(20) 
30554-3

 119. Fischer A, Brown KK, Du Bois RM et al (2013) Mycophenolate 
mofetil improves lung function in connective tissue disease-
associated interstitial lung disease. J Rheumatol 40(5):640–646. 
https:// doi. org/ 10. 3899/ jrheum. 121043

 120. Md Yusof MY, Kabia A, Darby M, Lettieri G, Beirne P, Vital  
EM, Dass S, Emery P (2017) Effect of rituximab on the pro- 
gression of rheumatoid arthritis-related interstitial lung disease: 
10 years’ experience at a single centre. Rheumatology (Oxford) 
56(8):1348–1357. https:// doi. org/ 10. 1093/ rheum atolo gy/ kex072

 121. Vadillo C, Nieto MA, Romero-Bueno F, Leon L, Sanchez-Pernaute 
O, Rodriguez-Nieto MJ, Freites D, Jover JA, Álvarez-Sala JL, 
Abasolo L (2020) Efficacy of rituximab in slowing down progres-
sion of rheumatoid arthritis-related interstitial lung disease: data 
from the NEREA Registry. Rheumatology (Oxford) 59(8):2099–
2108. https:// doi. org/ 10. 1093/ rheum atolo gy/ kez673

 122. Fernández-Díaz C, Castañeda S, Melero-González RB et al 
(2020) Abatacept in interstitial lung disease associated with 
rheumatoid arthritis: national multicenter study of 263 patients. 
Rheumatology (Oxford) 59(12):3906–3916. https:// doi. org/ 10. 
1093/ rheum atolo gy/ keaa6 21

 123. Wells AU, Flaherty KR, Brown KK et al (2020) Nintedanib in 
patients with progressive fibrosing interstitial lung diseases-
subgroup analyses by interstitial lung disease diagnosis in the 
INBUILD trial: a randomised, double-blind, placebo-controlled, 
parallel-group trial. Lancet Respir Med 5:453–460. https:// doi. 
org/ 10. 1016/ S2213- 2600(20) 30036-9

 124. Wallace B, Vummidi D, Khanna D (2016) Management of con-
nective tissue diseases associated interstitial lung disease: a review 
of the published literature. Curr Opin Rheumatol 28(3):236–245. 
https:// doi. org/ 10. 1097/ BOR. 00000 00000 000270

 125. Huapaya JA, Silhan L, Pinal-Fernandez I, Casal-Dominguez M, 
Johnson C, Albayda J, Paik JJ, Sanyal A, Mammen AL, Christopher- 
Stine L, Danoff SK (2019) Long-Term Treatment With Azathioprine  
and Mycophenolate Mofetil for Myositis-Related Interstitial Lung 
Disease. Chest 156(5):896–906. https:// doi. org/ 10. 1016/j. chest. 
2019. 05. 023

 126. Mira-Avendano IC, Parambil JG, Yadav R, Arrossi V, Xu M, 
Chapman JT, Culver DA (2013) A retrospective review of clini-
cal features and treatment outcomes in steroid-resistant intersti-
tial lung disease from polymyositis/dermatomyositis. Respir Med 
107(6):890–896. https:// doi. org/ 10. 1016/j. rmed. 2013. 02. 015

 127. Doyle TJ, Dhillon N, Madan R, Cabral F, Fletcher EA, Koontz 
DC, Aggarwal R, Osorio JC, Rosas IO, Oddis CV, Dellaripa PF 
(2018) Rituximab in the treatment of interstitial lung disease 
associated with antisynthetase syndrome: A multicenter retro-
spective case review. J Rheumatol 45(6):841–850. https:// doi. 
org/ 10. 3899/ jrheum. 170541

 128. Sharp C, McCabe M, Dodds N, Edey A, Mayers L, Adamali H, 
Millar AB, Gunawardena H (2016) Rituximab in autoimmune 

connective tissue disease–associated interstitial lung disease. 
Rheumatology (Oxford) 55(7):1318–1324. https:// doi. org/ 10. 
1093/ rheum atolo gy/ kew195

 129. Tsuji H, Nakashima R, Hosono Y et al (2020) Multicenter Pro-
spective Study of the Efficacy and Safety of Combined Immu-
nosuppressive Therapy With High-Dose Glucocorticoid, Tac-
rolimus, and Cyclophosphamide in Interstitial Lung Diseases 
Accompanied by Anti-Melanoma Differentiation-Associated  
Gene 5-Positive Dermatomyositis. Arthritis Rheumatol 
72(3):488–498. https:// doi. org/ 10. 1002/ art. 41105

 130. Shirakashi M, Nakashima R, Tsuji H, Tanizawa K, Handa T, Hosono 
Y, Akizuki S, Murakami K, Hashimoto M, Yoshifuji H, Ohmura 
K, Mimori T (2020) Efficacy of plasma exchange in anti-MDA5-
positive dermatomyositis with interstitial lung disease under com-
bined immunosuppressive treatment. Rheumatology (Oxford) 
59(11):3284–3292. https:// doi. org/ 10. 1093/ rheum atolo gy/ keaa1 23

 131. Oddis CV, Sciurba FC, Elmagd KA, Starzl TE (1999) Tacrolimus 
in refractory polymyositis with interstitial lung disease. Lancet 
353(9166):1762–1763. https:// doi. org/ 10. 1016/ S0140- 6736(99) 
01927-3

 132. Witt LJ, Demchuk C, Curran JJ, Strek ME (2016) Benefit of 
adjunctive tacrolimus in connective tissue disease-interstitial 
lung disease. Pulm Pharmacol Ther 36:46–52. https:// doi. org/ 
10. 1016/j. pupt. 2015. 12. 004

 133. Cassone G, Manfredi A, Vacchi C, Luppi F, Coppi F, Salvarani C, 
Sebastiani M (2020) Treatment of Rheumatoid Arthritis-Associated 
Interstitial Lung Disease: Lights and Shadows. J Clin Med 9(4):1082. 
https:// doi. org/ 10. 3390/ jcm90 41082

 134. Ednalino C, Yip J, Carsons SE (2015) Systematic Review of 
Diffuse Alveolar Hemorrhage in Systemic Lupus Erythematosus: 
Focus on Outcome and Therapy. J Clin Rheumatol 21(6):305–
310. https:// doi. org/ 10. 1097/ RHU. 00000 00000 000291

 135. Mittoo S, Fell CD (2014) Pulmonary manifestations of systemic 
lupus erythematosus. Semin Respir Crit Care Med 35(2):249–
254. https:// doi. org/ 10. 1055/s- 0034- 13715 37

 136. Tashtoush B, Okafor NC, Ramirez JF, Smolley L (2015) Fol-
licular bronchiolitis: A literature review. J Clin Diagnostic Res 
9(9): OE01–5. https:// doi. org/ 10. 7860/ JCDR/ 2015/ 13873. 6496

 137. Jais X, Launay D, Yaici A, Le Pavec J, Tchérakian C, Sitbon O, 
Simonneau G, Humbert M (2008) Immunosuppressive therapy in 
lupus- and mixed connective tissue disease-associated pulmonary  
arterial hypertension: A retrospective analysis of twenty-three  
cases. Arthritis Rheum 58(2):521–531. https:// doi. org/ 10. 1002/  
art. 23303

 138. Kato M, Kataoka H, Odani T, Fujieda Y, Otomo K, Oku K, 
Horita T, Yasuda S, Atsumi T, Ohira H, Tsujino I, Nishimura 
M, Koike T (2011) The short-term role of corticosteroid therapy 
for pulmonary arterial hypertension associated with connective 
tissue diseases: report of five cases and a literature review. Lupus 
20(10):1047–1056. https:// doi. org/ 10. 1177/ 09612 03311 403347

 139. Sanchez O, Sitbon O, Jaïs X, Simonneau G, Humbert M (2006) 
Immunosuppressive therapy in connective tissue diseases-associated 
pulmonary arterial hypertension. Chest 130(1):182–189. https:// doi. 
org/ 10. 1378/ chest. 130.1. 182

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1056/NEJMoa1903076
https://doi.org/10.1016/S2213-2600(20)30554-3
https://doi.org/10.1016/S2213-2600(20)30554-3
https://doi.org/10.3899/jrheum.121043
https://doi.org/10.1093/rheumatology/kex072
https://doi.org/10.1093/rheumatology/kez673
https://doi.org/10.1093/rheumatology/keaa621
https://doi.org/10.1093/rheumatology/keaa621
https://doi.org/10.1016/S2213-2600(20)30036-9
https://doi.org/10.1016/S2213-2600(20)30036-9
https://doi.org/10.1097/BOR.0000000000000270
https://doi.org/10.1016/j.chest.2019.05.023
https://doi.org/10.1016/j.chest.2019.05.023
https://doi.org/10.1016/j.rmed.2013.02.015
https://doi.org/10.3899/jrheum.170541
https://doi.org/10.3899/jrheum.170541
https://doi.org/10.1093/rheumatology/kew195
https://doi.org/10.1093/rheumatology/kew195
https://doi.org/10.1002/art.41105
https://doi.org/10.1093/rheumatology/keaa123
https://doi.org/10.1016/S0140-6736(99)01927-3
https://doi.org/10.1016/S0140-6736(99)01927-3
https://doi.org/10.1016/j.pupt.2015.12.004
https://doi.org/10.1016/j.pupt.2015.12.004
https://doi.org/10.3390/jcm9041082
https://doi.org/10.1097/RHU.0000000000000291
https://doi.org/10.1055/s-0034-1371537
https://doi.org/10.7860/JCDR/2015/13873.6496
https://doi.org/10.1002/art.23303
https://doi.org/10.1002/art.23303
https://doi.org/10.1177/0961203311403347
https://doi.org/10.1378/chest.130.1.182
https://doi.org/10.1378/chest.130.1.182

	Thoracic Involvement in Systemic Autoimmune Rheumatic Diseases: Pathogenesis and Management
	Abstract
	Introduction
	Lung Parenchyma
	Systemic Sclerosis
	Rheumatoid Arthritis
	Idiopathic Inflammatory Myopathies
	Sjögren’s Syndrome
	Systemic Lupus Erythematosus

	Airways
	Rheumatoid Arthritis
	Sjögren’s Syndrome
	Systemic Lupus Erythematosus
	Systemic Sclerosis

	Pleura
	Systemic Lupus Erythematosus
	Rheumatoid Arthritis
	Systemic Sclerosis
	Sjögren’s Syndrome

	Pulmonary Vasculature
	Systemic Sclerosis
	Systemic Lupus Erythematosus
	Other ARDs

	Treatment
	Lung Parenchyma
	Systemic Sclerosis
	Rheumatoid Arthritis
	Idiopathic Inflammatory Myositis
	LES and Sjoögren’s Syndrome
	Other thoracic involvements


	Conclusions
	Acknowledgements 
	References


