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Primary Sjogren syndrome is a systemic autoimmune disease with a possible lung involvement, that it
appears as polymorphic, including interstitial lung disease, airway disease and lymphoproliferative
disorders with different degree of severity https://bit.ly/3akjk4b
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ABSTRACT Primary Sjogren syndrome (pSS) is a systemic autoimmune disease characterised by
lymphocytic infiltration of exocrine glands and by a number of systemic manifestations, including those
regarding the lung. Pulmonary involvement in pSS includes interstitial lung disease (ILD) and airway
disease, together with lymphoproliferative disorders. Patients with pSS-ILD report impaired health-
related quality of life and a higher risk of death, suggesting the importance of early diagnosis and
treatment of this type of pulmonary involvement. In contrast, airway disease usually has little effect on
respiratory function and is rarely the cause of death in these patients.

More rare disorders can be also identified, such as pleural effusion, cysts or bullae.
Up to date, available data do not allow us to establish an evidence-based treatment strategy in pSS-ILD.

No data are available regarding which patients should be treated, the timing to start therapy and better
therapeutic options. The lack of knowledge about the natural history and prognosis of pSS-ILD is the main
limitation to the development of clinical trials or shared recommendations on this topic. However, a recent
trial showed the efficacy of the antifibrotic drug nintedanib in slowing progression of various ILDs,
including those in pSS patients.

Definition, epidemiology and classification criteria
Sjogren syndrome (SS) is a systemic autoimmune disease characterised by lymphocytic infiltration of the
exocrine glands and by a wide number of systemic manifestations [1]. SS can occur as a primary disease
(primary SS (pSS)) or be associated with another autoimmune disease, such as systemic lupus
erythematosus (SLE), rheumatoid arthritis (RA), dermatomyositis, or systemic sclerosis (SSc) [1].

pSS shows a female-to-male predominance of 9:1 and a peak incidence at approximately 50 years of age
[2]. The prevalence in the general population is estimated between 0.02% and 2.7% [3], according to the
diagnostic criteria used and the ethnic background of the population.

The prevalence of pulmonary involvement in pSS patients varies widely [4]. Studies that define pulmonary
involvement by respiratory symptoms associated with abnormal pulmonary function tests (PFTs) and/or
abnormal imaging findings on high-resolution computed tomography (HRCT) [5] suggest a prevalence
rate in the range 9–22% [6, 7], with a female predominance [8]. When pulmonary involvement is
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investigated systematically, prevalence ranges between 43% and 75% [9] and on HRCT of the chest
abnormalities are found in 34–50% of the patients [10].

Generally, oral and ocular dryness is accompanied by involvement of other types of mucosa such as nose,
pharynx, larynx and vagina, that can be the earliest clinical manifestations [1, 11]. Sometimes, the disease
course can be also complicated by systemic manifestations that can represent the first signs of the disease,
also preceding SS by many years [11].

Since 1965, 11 sets of classification/diagnostic criteria have been proposed for pSS.

In 2017, the “International Sjogren’s Syndrome Criteria Working Group” published the American College
of Rheumatology/European League Against Rheumatism classification criteria for pSS (table 1) [12].
Although these criteria were created for the purposes of classification, in the adequate clinical context they
may also be useful for diagnosing pSS in clinical practice.

Pathogenesis and systemic manifestations
The pathogenesis of pSS is considered multifactorial, although not completely understood. Many of the SS
risk genes identified to date are involved in interferon, lymphocyte migration, cytokine and cytokine
receptor function and various other intracellular signalling pathways that are important in multiple
immune cell subsets [13, 14]. Both T-cells and B-cells are involved in pSS pathogenesis, with a possible
dominant role for the latter.

Type 17 helper T (Th17) cells and regulatory T-cells are also increased in the salivary glands of pSS
patients compared to healthy controls, with a possible main pathogenetic role for Th17, as the
co-expression of interleukin (IL)-17 and IL-18 seems to be correlated to pSS severity [14, 15].

In pSS, patients can also be observed with an increased level of serum immunoglobulin (Ig)A and/or IgG;
hypergammaglobulinaemia may contribute to formation of immune complexes, while the autoantibodies
(anti-Ro52, anti-Ro60 and anti-La) are associated with lymphocytic glandular infiltration [15, 16].

A wide range of systemic manifestations can occur in the course of pSS [1, 11, 13]. Fatigue is the most
common symptom in pSS, after dry eye and dry mouth, and it occurs in around 70–80% of patients. The
pathogenesis is unknown, and the cause may be multifactorial. Other systemic manifestations occur in
approximately 30–40% of the patients with pSS [11]. Arthralgia and arthritis are common in pSS,
occurring in around 40% of patients. Arthritis is reported in about 15% of pSS patients, mainly involving
the hand joints, and it is more often symmetrical and generally, nonerosive [1, 11, 13].

Cryoglobulins have been detected in up to 10–20% of pSS patients, and cryoglobulinaemic vasculitis may
be observed in 5–10% [11, 13]. It can manifest as purpura, urticaria and cutaneous ulcers, often involving
the lower extremities [1, 11, 13]. Leukocytoclastic vasculitis is the most common pathological finding.
Cutaneous vasculitis in pSS is associated with more severe disease with more systemic manifestations,
lymphoma and poor prognosis. Annular erythema can also occur in about 10% of pSS patients, it is more
frequent in females and it is associated with anti-SSA positivity [1, 11, 13]. Face, neck and upper arms are
the most frequently involved sites.

The most common feature of renal involvement is tubulointerstitial nephritis, which is underdiagnosed
because this condition progresses insidiously with minimal manifestations [1, 11, 13]. Tubulointerstitial
nephritis is characterised by inflammation of the interstitium, which causes fibrosis and atrophy
determining chronic kidney disease and, in many cases, renal tubular acidosis. Distal renal tubular acidosis

TABLE 1 American College of Rheumatology/European League against Rheumatism classification criteria for primary Sjogren
syndrome

Item Weight/score

Labial salivary gland with focal lymphocytic sialadenitis and focus score ⩾1 foci·4 mm−2 3
Anti-SSA/Ro-positive 3
Ocular staining score ⩾5 (or van Bijsterveld score ⩾4) in at least one eye 1
Schirmer’s test ⩽5 mm in 5 min in at least one eye 1
Unstimulated whole saliva flow rate ⩽0.1 mL·min−1 1

A patient can be classified as having primary Sjogren syndrome with a score of ⩾4 and without any of the conditions listed as exclusion criteria.
Exclusion criteria include prior diagnosis of any of the following conditions: history of head and neck radiation treatment; active hepatitis C
infection; AIDS; sarcoidosis; amyloidosis; graft-versus-host disease; immunoglobulin G4-related disease [12].
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occurs in around 10–40% of pSS patients, and it may be the only renal abnormality. Mild hypokalaemia,
hyperchloraemia, nonanion-gap metabolic acidosis or a history of nephrolithiasis in a patient with pSS are
the most common presenting manifestations. Glomerulonephritis is uncommon in pSS, its prevalence was
found to be around 2–4%. The most common lesion is membranoproliferative glomerulonephritis, which
is associated with cryoglobulinaemia and low complement levels [1, 11, 13].

The prevalence of neurologic involvement in pSS is around 20% and the peripheral nervous system is
more frequently involved than the central nervous system. The two most common peripheral nervous
systemic manifestations are distal axonal sensory polyneuropathy and small fibre neuropathy.
Mononeuritis multiplex is a less common serious vasculitic manifestation, usually associated with serum
cryoglobulinaemia. Cranial neuropathies, particularly sensory trigeminal neuralgia, may also occur. Central
nervous system involvement varies, ranging from mild cognitive dysfunction, to transverse myelitis or
demyelinating lesions mimicking multiple sclerosis [1, 11, 13, 17].

Other systemic manifestations are gastrointestinal manifestations, constitutional symptoms (fever and/or
weight loss), haematologic abnormalities such as anaemia and leukopenia, and myositis.

Pregnancy
Pregnancy involving women with pSS has a higher risk of resulting in preterm delivery and
low-birth-weight infants. Moreover, congenital heart block (CHB) is the most challenging complication for
fetus and neonates delivered by mothers with pSS [18]. In fact, maternal anti-Ro/SSA and/or La/SSB
autoantibodies may damage the conduction tissues during fetal development, leading to blockage of signal
conduction at the atrioventricular node in an otherwise structurally normal heart [18]. These antibodies
cross the placenta beginning at approximately 12 weeks of gestation and react with a fetal heart. When
severe, this may be lethal, otherwise it can result in degeneration and endocardial fibroelastosis, disrupting
conduction and leading to CHB [19], which is considered a major issue of fetal outcome. In fact, if left
untreated, fetal and neonatal mortality due to CHB may develop [20].

Clinical manifestations and prognosis of pulmonary involvement
Pulmonary manifestations are polymorphic, representing a leading cause of morbidity and mortality in
these patients, particularly when an interstitial lung disease (ILD) is diagnosed (pSS-ILD) [21].

Various studies suggest that the main risk factors for pulmonary involvement are male sex, being active
smokers, late onset of the disease and having a long-lasting disease [6, 22, 23].

All compartments can be affected, including lung parenchyma, mainly with an ILD, airways, vasculature
and pleura. Pulmonary manifestations also include lymphoproliferative disorders (and in general a higher
incidence of malignancies), pulmonary infections and thromboembolic disorders. More rare disorders can
be also identified, such as pleural effusion, cysts or bullae. Finally, many drugs normally used in pSS have
been associated with lung toxicity.

Patients with pSS-ILD report impaired health-related quality of life (HRQoL), impaired physical
functioning and higher risk of death [6], suggesting the importance of an early diagnosis and treatment.

In a recent systematic review, HRQoL appeared markedly reduced in pSS in multiple studies and across
many countries when compared with HRQoL in healthy controls. The reduction in HRQoL was similar to
that observed in other chronic diseases such as RA and SLE [24]. Using the Short Form-36 health survey,
patients with lung involvement reported impaired HRQoL compared with the other patients with pSS [6].

Clinical evaluation of pulmonary involvement
The clinical evaluation of pulmonary involvement includes the detection of lung disease, the evaluation of
disease severity, and the disease progression, with the aim to identify which patients should be treated.

Detection of lung disease
The multiorgan involvement of pSS makes it particularly difficult to detect pulmonary involvement on the
basis of the respiratory symptoms: patients with mild ILD and/or airway disease may be asymptomatic at
early stages of the disease, and often develop fatigue, dyspnoea on exertion and cough, that can be the
consequence of nonpulmonary causes, such as anaemia, chest wall involvement, joint disease or muscle
weakness. Nevertheless, respiratory symptoms may occur in cases of progression of ILD, airway disease,
vascular disease or pleural involvement [25].

Physical examination is often unremarkable but, when an ILD occurs, may reveal fine bibasilar,
end-inspiratory, “velcro-like” crackles at auscultation, which can precede the development of clinically
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overt ILD [26–28] and should prompt further investigations. In contrast, when a pSS patient is affected by
airway disease, wheezing and/or rhonchi can be detected.

Nevertheless, chest radiography is usually insensitive in identifying both ILDs and airway disease in pSS
patients.

PFTs are helpful for diagnosing and tracking pulmonary involvement in pSS patients. Typically, in the
presence of an ILD, PFTs will detect a restrictive ventilatory failure, characterised by reduced total lung
capacity (TLC) and forced vital capacity (FVC), with a normal forced expiratory volume in 1 s (FEV1)/
FVC ratio [29, 30]. In contrast, when pulmonary involvement in pSS results in airway disease, an
obstructive ventilatory failure may be detected, resulting in an increased TLC, with a reduced FEV1/FVC
ratio [9, 31]. Diffusing capacity of the lung for carbon monoxide (DLCO) may be reduced in both these
conditions, because it can be lowered by the occurrence of ILD, pulmonary arterial hypertension (PAH)
and emphysema. ILDs and airway disease may coexist in pSS patients; in these cases, spirometry can be
normal [32], but a disproportionate reduction in DLCO may occur [33].

However, the most sensitive tool to identify ILD is HRCT, which is both sensitive and specific in the
identification of ILD [34]. Although subclinical abnormalities are often detectable, they do not necessarily
evolve to clinically significant ILD. In contrast, HRCT should be used by protocol to confirm or exclude a
connective tissue disease (CTD)-ILD only in higher risk groups or when there is reason to suspect the
presence of pSS-ILD, according to symptoms, clinical examination, chest radiography or pulmonary
function abnormalities [35].

Evaluation of disease severity
The detection of pulmonary involvement in pSS, should be followed by an evaluation of disease severity,
that can include symptoms, pulmonary function impairment and the extent of disease on HRCT [34].

Amongst these measures, PFTs provide the most precise measurement of disease severity, both in the cases
of airway or lung parenchyma involvement. However, pulmonary function variables should not be
interpreted in isolation due to the confounding effect of the normal range, which is particularly misleading
when there is mild pulmonary function impairment [34].

Evaluation of disease progression
The most accurate tool for evaluating CTD-ILD progression is focused on serial PFT. As FVC is highly
reproducible, in the absence of major extrapulmonary restriction due to pleural disease or muscle
weakness, changes in FVC are specific to ILD [36]. As for systemic sclerosis, disease progression can be
detected in pSS patients by changes over time that include a decline in FVC of ⩾10% or a decrease in the
DLCO of ⩾15% over 6–12 months [37].

Several studies have shown that 6-min walk distance (6MWD) and/or decline in 6MWD are strong
independent predictors of mortality in patients with idiopathic pulmonary fibrosis (IPF) [38, 39] and in
CTD-ILD [40], possibly including pSS-ILD patients. Desaturation (oxygen saturation measured by pulse
oximetry ⩽88%) during or at the end of a 6MWD and change in oxygen saturation measured by pulse
oximetry during a 6MWD have been found to be significant predictors of mortality [41]. A baseline 6MWD
<250 m was associated with a two-fold increase in mortality, and a decline in 6MWD over 50 m between
baseline and 24 weeks was associated with an almost three-fold increase in mortality [42]. However, exercise
limitation in pSS can be considered multifactorial, with contributions including impairment of gas exchange
and pulmonary hypertension, ventilatory dysfunction and muscle dysfunction [43]. However, disease
progression measurement requires the integration of symptoms, pulmonary function variables and, in
selected individuals, serial HRCT, worsening in 6MWD and echocardiographic data.

In the case of airway involvement, the useful tools for evaluation of disease progression can be more elusive:
in various cases, more frequently when large airway involvement occurs, neither radiological nor lung
function tests/6MWD can be detected in patients with uncomplicated clinical features. Similarly, HRCT and
symptoms usually appear insensitive in evaluating disease progression in the case of airway involvement.

Pulmonary manifestations
Interstitial lung disease
Histological and clinical features
pSS-ILD is the most common form of pulmonary involvement, ranging between 6–70% in different
studies [44]. Lymphocytic interstitial pneumonia (LIP) has a classic association with pSS [45], although it
does not appear as the most common pathological subtype. Nonspecific interstitial pneumonia (NSIP) is
recognised as the most common ILD disorder [5, 23] followed by organising pneumonia (OP) and usual
interstitial pneumonia (UIP), the latter considered particularly frequent in some case series with early
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onset of ILD [46]. Rare cases of acute fibrinous and organising pneumonia and pleuroparenchymal
fibroelastosis in SS are also reported [47–49]. Some manifestations in pSS patients can appear as cystic
lesions of the lung, representing a broad range of diseases, including amyloidosis [50], malignant
lymphoma [29] and LIP [51]. Some examples of lung biopsies in SS are illustrated in figure 1.

a) b)

c) d)

e) f)

FIGURE 1 Some examples of surgical lung biopsies showing different interstitial lung disease in patients with
Sjogren syndrome. a) Mixed cellular/fibrosing nonspecific interstitial pneumonia (NSIP), consisting of a
combination of lymphoplasmacytic infiltrate and uniform interstitial fibrosis. b,c) A fibrosing process with
usual interstitial pneumonia pattern, consisting of patchy scars (b) and fibroblastic foci (c). The
lymphoplasmacytic infiltrate present in (c) is a clue, suggesting an underlying autoimmune disease. d) A
lymphoplasmacytic interstitial infiltrate consistent with lymphocytic interstitial pneumonia, associated with
small cysts of probable bronchiolar/alveolar duct origin. In this case, the limit with cellular NSIP is blurred;
when the infiltrate is denser, the differential diagnosis with lymphoma (particularly mucosa-associated
lymphoid tissue (MALT) lymphoma) can be difficult and requires immunohistochemical and sometimes
molecular evaluation. e) Transbronchial biopsy showing organising pneumonia, consisting of intra-alveolar
plugs of loose connective tissue. Some fibrin is frequently present in organising pneumonia; when fibrin is
prominent, the term acute fibrinous and organising pneumonia can be applied. f ) Nodular amyloidosis,
consisting of deposition of acellular jaline material. The peripheral giant cell reaction is a clue pointing to the
correct diagnosis. In nodular amyloidosis, any associated lymphoid infiltrate should be regarded with
suspicion and should induce the pathologist to order the appropriate immunohistochemical stains to evaluate
the possibility of a concomitant indolent B-cell lymphoma, particularly of the MALT type: in this case, the
lymphoid infiltrate was polyclonal.
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The clinical manifestations of pSS-ILD resemble those of IPF, with exertional dyspnoea and nonproductive
cough as the most frequent respiratory symptoms [8]. The time of onset of pulmonary involvement in
these patients is variable, being the first manifestation of pSS before diagnosis of the autoimmune disease,
but it can sometimes begin at the same time as other systemic manifestations (10% of cases) [52] or, in
other cases, late in the disease course [53].

Data on the natural history of pSS-ILD are limited, although a few studies suggest that ILD is associated
with a premature mortality [54].

Acute exacerbation of ILD is reported to be developed not only in patients with IPF, but also in those with
CTD-ILD, including pSS-ILD [8, 55]. Acute exacerbation is defined as an acute, clinically significant
respiratory deterioration characterised by evidence of new widespread alveolar abnormalities [56].
Histologically, it generally consists of diffuse alveolar damage (but sometimes in OP or in particularly
exuberant fibroblastic foci) superimposed on a chronic ILD. A few studies compared the prevalence of
acute exacerbation across the spectrum of CTD-ILD [57], showing that a UIP pattern seems to be a higher
risk for this complication irrespective of the underlying disease [58]. The incidence and the clinical
characteristics of acute exacerbation in CTD-ILD appear to be similar to those of IPF patients, specifically
in regard to a high mortality rate (about 80%) [55, 57].

Imaging
Because of the complexity of pulmonary abnormalities in pSS, it may not be diagnosed on the basis of
imaging features alone. Even when the main disease pattern is a type of interstitial pneumonia, areas of
other patterns of interstitial pneumonia or airway abnormalities often coexist (figure 2) [59].

pSS-related ILDs may show the same radiological patterns (e.g. NSIP, UIP or LIP) as those observed in
idiopathic interstitial pneumonias on HRCT. In fact, the most common HRCT findings are ground-glass
opacities, reticular abnormalities, consolidation, honeycombing, cysts, nodules and also bronchiectasis
(figure 3) [29, 60, 61]. The nodules are consistent with follicular bronchiolitis, pulmonary nodular
hyperplasia or cancer, though is difficult to predict histologic correlates [59, 62]. The cysts are consistent
with LIP [63]. The association of LIP and amyloidosis (manifesting on HRCT as multiple irregular
nodules) in patients with pSS is also recognised, but as these patients are also at increased risk of
pulmonary lymphoma, the finding of LIP on HRCT in conjunction with multiple nodules in a patient
with pSS should at least prompt the consideration of a neoplastic process [64, 65]. A recent study showed
that labial gland biopsy scores as well as dry mouth may reflect lymphoproliferative activity in the lungs in
patients with pSS [66].

FIGURE 2 A 63-year-old woman
with Sjogren syndrome. Coronal
computed tomography image
shows numerous cysts admixed
with fine reticular abnormalities in
the lower lobes. In the upper lobes,
a few centrilobular branching
opacities (circle) consistent with
bronchiolitis (likely follicular) can
be appreciated. This patient also
suffered from pulmonary
hypertension, which is responsible
for pulmonary artery enlargement
(arrow).
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Signs of airways disease can be frequently seen on HRCT. Indeed, either small or large airways disease
affected more than half of a study cohort of 35 patients [67]. Bronchiectasis has been reported in 4–38%
of patients with pSS [61, 68, 69]. Other HRCT signs of chronic inflammation include bronchial wall
thickening and centrilobular branching opacities.

There are also a few descriptions of air-trapping in pSS. Air-trapping can be also elicited on an expiratory
HRCT scan, more frequently than in healthy controls [70, 71]. It probably reflects constrictive obliterative
bronchiolitis, which frequently represents an accompanying feature of bronchiectasis. There is scarce
pathological–radiological correlation data on follicular bronchiolitis in pSS. The cardinal HRCT features of
follicular bronchiolitis are centrilobular nodules of 1–12 mm in diameter, variably associated with
peribronchial nodules and patchy areas of ground-glass opacity [72].

Pulmonary function tests
In patients with pSS-ILD, PFTs are frequently abnormal, showing a restrictive ventilatory failure with
decreased DLCO, even in the absence of symptoms [8].

DLCO is highly sensitive for predicting the presence of ILD, whereas lung volumes may be more useful for
assessing disease extent [73].

Bronchoalveolar lavage
Findings in bronchoalveolar lavage (BAL) fluid obtained from patients with pSS-ILD are frequently
abnormal, showing, in the majority of the cases, a lymphocytosis, characterised mainly by T-cells, even
among patients who are asymptomatic [74, 75].

However, abnormalities in the cellular constituents of BAL fluid are not useful for predicting outcome or
response to treatment. As a result, BAL is not routinely performed in the diagnostic work-up of patients
with pSS-ILD. In patients with an acute onset or worsening of respiratory symptoms and radiographical
abnormalities, BAL is useful for excluding ILDs other than pSS- ILD, such as malignancy or infection [25].

Airway disease
Clinical features
Airways seem to be involved in about 20% of pSS patients [76]. Airways involvement can be caused either
as a consequence of destruction of exocrine glands, leading to sicca syndrome or to cell infiltration,
involving the trachea, bronchi or bronchioles [30]. Histopathological studies showed, even in
asymptomatic patients and without radiographic abnormalities, an infiltration characterised by CD4+

T-lymphocytes was detected both in bronchial and in bronchiolar submucosa [77, 78]. Consistently, BAL
reveals CD4+ lymphocytic alveolitis in 55% of patients with pSS [74, 78].

Involvement of the trachea and large airways manifests as dryness of the mucosa causing xerotrachea and
xerobronchitis, respectively, the latter occurring when large airways are involved [31]. In these cases,
clinical presentation is generally characterised as a nonproductive cough that may precede CTD diagnosis
by several years, and often affecting quality of life [79].

FIGURE 3 A 51-year-old woman
with Sjogren syndrome. Axial
computed tomography shows
peribronchovascular reticular and
ground-glass opacities in the lower
lobes. This pattern is consistent
with nonspecific interstitial
pneumonia.
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Chronic cough may indeed be not only secondary to airway dryness, but also the consequence of
abnormal mucociliary clearance [80], bronchial or bronchiolar inflammation, gastro-oesophageal reflux
and bronchial hyperresponsiveness, frequently reported in pSS [81–83].

Bronchiolitis (i.e. small airways involvement) is a frequent finding in nonsmoking patients with pSS, but is
rarely responsible for a severe clinical picture [84]; indeed, these patients are usually asymptomatic [68].
When symptoms occur, they present with cough, dyspnoea and wheezing and may be isolated or
associated with interstitial pneumonia [29]. Although lung biopsy does not have to be performed routinely
in pSS patients with pulmonary involvement, particularly in patients with a suspected bronchiolitis,
different types of bronchiolitis exist: the main type is cellular/follicular bronchiolitis [85], whereas
constrictive bronchiolitis is rare (figure 4). Patients with follicular bronchiolitis usually respond to
corticosteroids [85]. In steroid-resistant cases, rituximab (RTX) [87, 88] or macrolides [84] may be utilised,
depending on the severity of the disease.

Pulmonary function tests
Rarely, airway disease shows lung function test impairment that, in contrast, can be assessed in the case of
a distal airway disease (bronchiolitis) [68]. The occurrence of an obstructive ventilatory failure seems to be
related to severity of the disease [84]. When a concomitant airway and ILD occurs a mixed, restrictive and
obstructive respiratory failure may be observed [30].

Cysts or bullae
Cysts or bullae have been described in patients with pSS and are often associated with lymphoproliferative
disorders, including LIP.

Diffuse cystic lung disease is an uncommon clinical and radiographic presentation with a broad differential
diagnosis, including lymphangioleiomyomatosis and pulmonary Langerhans cell histiocytosis [89]. However,
a cystic-predominant LIP-follicular bronchiolitis can also be considered in pSS patients [90].

a) b)

d) e)

c)

FIGURE 4 Histological findings of airway pathology in Sjogren syndrome. a) Bronchial biopsy showing a dense periglandular lymphoid infiltrate,
similar to that seen in minor salivary gland biopsies in Sjogren syndrome. b) Surgical lung biopsy showing cellular bronchiolitis, consisting of a
centrilobular cellular lymphoplasmacytic infiltrate, associated with bronchioloectasia. In the upper part of the picture a small granuloma is
present (shown at higher magnification in c). Small non-necrotising granulomas are more frequent in Sjogren syndrome than in other connective
tissue disease, and the histologic distinction with other granulomatous diseases (particularly infections and sarcoidosis) can be difficult.
Occasionally Sjogren syndrome and sarcoidosis coexist in the same patient [86] . d) Surgical lung biopsy showing follicular bronchiolitis, a variant
of cellular bronchiolitis in which the lymphoid infiltrate is organised in follicles with germinal centres. In Sjogren syndrome, cellular/follicular
bronchiolitis can be the only lesion present in the biopsy, or can coexist with other lesions (cellular nonspecific interstitial pneumonia in this
case). e) Surgical lung biopsy showing constrictive bronchiolitis, consisting of granulation tissue obliterating the bronchiolar lumen. Constrictive
bronchiolitis is quite rare in Sjogren syndrome, cellular/follicular bronchiolitis can be the only lesion present in the biopsy, or can coexist, and
clinically corresponds to the most severe forms of airway disease.

https://doi.org/10.1183/16000617.0021-2020 8

SJOGREN SYNDROME | L. FABRIZIO ET AL.



Pleural involvement
In pSS, the incidence of pleural effusion is rare, occurring in <1% of patients and mostly observed in
Japan, with a few cases described in Europe [91–94]. The occurrence of pleural effusion in pSS should
always raise the possibility of an overlap syndrome with SLE or RA (secondary SS), considering that in the
latter CTDs, pleural effusion is more frequent than in pSS [44]. The main differential diagnosis is with
pleural infection or lymphoma.

Pleural effusion is more frequently bilateral [92, 94, 95]. It is usually exudative, with a predominant
lymphocytic cell count. The pleural fluid analysis may also show an increased pleural and/or serum levels
of rheumatoid factor, anti-SSA/Ro, anti-SSB/La and immune complexes. Decreased pleural and/or serum
levels of complement may be also detected [44, 91]; in these cases, overlapping with SLE or RA (secondary
SS) needs to be excluded.

In a few case reports, pleural effusions have regressed with corticosteroid therapy [96, 97] or improved
spontaneously.

The detection of pleural thickening in patients with pSS has been more frequently associated with
recurrent pneumonias and atelectasis.

Pulmonary infections
Patients with pSS are at increased risk of serious pulmonary infections, mainly in relation to a
combination of immunosuppressive treatment and abnormalities of the immune system, clinically
manifesting with pneumonia in 10–35% of pSS patients [30]. Mechanisms promoting the occurrence of
lung infections in patients with pSS include impaired mucociliary clearance, abnormal sputum, deficit of
local immunity, gastro-oesophageal reflux, bronchiectasis and parodontopathy [98].

Pulmonary embolism
It has been shown that there is an increased risk for venous thromboembolism or pulmonary embolism in
patients with pSS [99].

In about one-third of patients, this prothrombotic state may be related to an increased prevalence of
antiphospholipid antibodies, such as anticardiolipin, anti-β2GP1 or lupus anticoagulant [100]. However,
this may also occur in response to chronic inflammation, typically observed in pSS.

Drug toxicity
Disease-modifying antirheumatic drugs are not frequently used to treat pSS. Hydroxychloroquine and
methotrexate (MTX) alone or in combination therapy are particularly used to treat patients with
inflammatory musculoskeletal pain [101]. Acute pneumonitis is the main lung complication related to
MTX, it is a hypersensitivity reaction and usually occurs early after starting MTX, it is also
dose-independent. Recent observations in RA suggest that MTX may not be associated with an increased
risk of ILD, but on the contrary MTX may delay the onset of ILD [102, 103]. However, the clinician
should be cautious when commencing MTX in patients with pre-existing lung disease. RTX is the only
biological therapy recommended for pSS [101], particularly for patients with severe organ manifestations.
In patients with RA and concomitant ILD, RTX seems to be relatively safe, does not lead to progression of
ILD and demonstrates promising therapeutic results for ILD [104]. No data on possible RTX-induced lung
toxicity in pSS are available. No cases of hydroxychloroquine-related pulmonary toxicity were described in
pSS and in other autoimmune diseases. Therefore, hydroxychloroquine and RTX can be safely
administered in patients with ILD related to pSS. As B-cells are also involved in the pathogenesis of
pulmonary involvement in pSS, RTX could have a positive impact on this organ complication. Treatment
of drug-induced pulmonary toxicity consists of drug cessation and sometimes corticosteroid therapy. The
general prognosis of acute and subacute lung toxicity is usually favourable.

Malignancy
Among systemic autoimmune diseases, pSS has the higher risk to develop B-cell lymphoproliferative
disorders [105], mainly non-Hodgkin lymphomas. Patients with pSS have a 14–20-fold increased risk of
developing lymphomas than general population [105, 106].

The risk of lymphoma increases with disease duration, with a cumulative risk of 3.4% and 9.8% at 5 and
15 years from diagnosis, respectively [107, 108]. Multiple histologic types of non-Hodgkin lymphomas
have been described, such as follicular, lymphoplasmacytoid and diffuse large B-cell lymphoma, with
extranodal marginal zone B-cell lymphoma (mucosa-associated lymphoid tissue (MALT) lymphoma) as
the most common subtype [109]. The pathogenetic link between pSS and lymphoma is unclear, but
chronic antigenic activation of B-cells is believed to play a role [110].
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Primary lymphoma of the lung is a rare entity representing about 4% of all extranodal lymphomas and
0.4% of non-Hodgkin lymphomas [111]. The prevalence of primary pulmonary lymphoma seems to be
higher in pSS patients and it is estimated to be 1–2% [112]; it is usually a low-grade extranodal marginal
B-cell lymphoma of the MALT type and rarely associated with an infectious agent, such as human
herpesvirus-6 or Epstein–Barr virus [112]. However, to date, only few monocentric case series have been
described [113, 114].

Recurrent swelling of parotid glands, purpura, low serum C4 level, cryoglobulinaemia, lymphopenia,
monoclonal gammopathy and hypergammaglobulinaemia are all associated with lymphoma appearance
[109, 115, 116].

Lymphoma slightly increases the mortality rate of pSS patients compared to the general population;
usually pSS-related lymphomas show a favourable prognosis with an average 5-year survival rate of about
65–90% [115, 117–119], although, in a low proportion of patients, low-grade lymphomas can evolve to
high-grade disease, mainly a diffuse large B-cell lymphoma [112].

When the lung is primarily involved, lymphoma clinically manifests with cough, dyspnoea, weight loss,
sweats and fatigue [120]. Radiographically, it can present as solitary or multifocal nodules, bilateral
alveolar infiltrates or interstitial markings randomly distributed with a mild predilection for the lower
lobes. Mediastinal lymphadenopathy and pleural effusions may accompany the parenchymal abnormalities
[113, 121]. Treatment of lung lymphoma should be personalised; watchful waiting, without specific drug
treatment, can be reserved for asymptomatic nonevolutive cases, while progressive and symptomatic
lymphomas require specific haematological treatment [122, 123].

The detection of enlarged mediastinal nodes in pSS patients may be of uncertain clinical significance:
systemic lymphoplasmacytic inflammation and mediastinal lymphoma may cause it; however, other
diseases, such as sarcoidosis [124], Lyme’s disease [125] or more common infections may be part of the
differential diagnosis.

Pulmonary amyloidosis
Pulmonary amyloidosis associated with pSS usually affects women presenting with cough, dyspnoea,
weakness, haemoptysis and/or pleuritic chest pain [30]. As stated in a recent systematic review by
SAMBATARO et al. [21], this condition can be found in about 10% of ILD-pSS patients, alone or as a
secondary pattern and the AA subtype, associated with chronic inflammatory disease, is the usual
amyloidosis subtype observed in pSS. Surgical lung biopsy is usually required to establish the diagnosis
and to rule out lymphoma [30]. The prognosis of pSS-related pulmonary amyloidosis is unknown, and no
specific therapy has been reported [4].

Pulmonary hypertension
PAH is associated with various autoimmune disorders, particularly scleroderma [126]. Pulmonary
hypertension is rare in pSS, although it appears as one of the most severe complications in these patients,
with a survival rate of about 70% at 1 year and about 65% at 3 years [127].

PAH in pSS can be the result of various pathophysiological mechanisms, including arteriopathy,
pulmonary veno-occlusive disease, valvular heart disease or ILDs [44].

LAUNAY et al. [126] found that pSS patients who developed PAH are more frequently women in their third
and fourth decades of life and that they were more likely to have Raynaud’s phenomenon, cutaneous
vasculitis and ILDs. Furthermore, no correlations have been observed between the severity of sicca
syndrome and the degree of PAH. Patients with pSS-PAH also more frequently had antinuclear, anti-Ro/
SSA and anti-RNP autoantibodies, as well as positive rheumatoid factor and hypergammaglobulinaemia
[127]. Hypocomplementaemia and cryoglobulinaemia have also been shown to be strong predictors of
pulmonary artery systolic pressure [128].

Histologic lesions are nonspecific, and consist of small arteries and arterioles with concentric intimal
proliferation, medial hypertrophy and sometimes plexiform lesions.

The best treatment strategy is unknown. Current PAH therapy has been shown to be effective in some
patients; however, failures with these drugs have also been observed [127].

Some case reports showed the efficacy of pSS-PAH treatment with immunosuppressants as monotherapy,
with initial improvement [44], but second-line standard PAH therapy was subsequently added to all cases.

Finally, patients with pSS-PAH seem to be nonresponders to acute vasodilator testing, suggesting that
calcium channel blockers are inappropriate to treat this specific form of PH [127].
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Management
The lack of knowledge about the natural history and the prognosis of pSS-ILD and the heterogeneity of
this condition are the main limitations to the development of an evidence-based treatment strategy.

The treatment of pSS-ILD depends on the severity of symptoms and effects on lung function. For patients
with asymptomatic mild or nonprogressive ILD without significant abnormalities on PFTs, a “see and
wait” approach could be acceptable, while in patients with progressive or severe disease, first-line therapy
is usually based on glucocorticoids, alone or in combination with immunosuppressive drugs. The
radiological pattern of ILD could influence the response to therapy: NSIP, OP and LIP patterns seem to
better respond to steroid or immunosuppressive therapies than the UIP pattern [8, 129].

Glucocorticoids are commonly used at the initial dose of 0.5–1 mg·kg−1 of prednisone daily, according to
the severity of ILD [129, 130]. As for other connective tissue diseases, glucocorticoids can be associated
with other immunosuppressive drugs such as cyclophosphamide (CYC), mycophenolate mofetil (MMF) or
azathioprine (AZA). The association with these drugs should reduce the cumulative dose of steroids and
improve the effectiveness of the treatment [8, 131–133]. However, due to the absence of randomised
controlled trials, the treatment of pSS-ILD remains mainly empirical, because data are extrapolated from
small case series, usually including not only patients with pSS but also other CTDs. Table 2 includes
ongoing and completed clinical trials in pSS and ongoing trials on CTD-ILD.

Among immunosuppressants, the use of AZA has been described in some case series: in seven of 11 pSS
patients with ILD, FVC values improved after a 6-month follow-up, remained unchanged in three patients
and worsened in one [132]. ROCA et al. [129] reported an improvement of pulmonary disease in three out
of four patients with steroid-refractory ILD.

Treatment with MMF was associated with either stable or improved pulmonary findings over a median
2.5 years of follow-up and with a low rate of discontinuation in 125 patients with different CTD-ILDs,
including pSS, but specifically no considerations could be made regarding the effectiveness in pSS patients
[133]. Finally, the use of CYC has been described in isolated cases and small case series with good results.
In fact, ROCA et al. [129] reported an improvement of pulmonary status in one patient treated with CYC
(0.7 g·m−2 every 4 weeks for six cycles), while SHI et al. [149] reported improvement or stability during the
follow-up period (median 38 months) in 14 patients with pSS and biopsy-proven pulmonary involvement
treated with prednisone and CYC.

Some evidence suggest that RTX may be effective and safe in the treatment of systemic manifestations of
pSS, in particular vasculitis and arthritis [101], but data regarding the treatment of ILD are more limited
[15, 130, 132]. A registry-based study from France reported improvement in lung function in six out of
eight patients with pSS-ILD treated with RTX, already evident after the first cycle of the therapy [150].

IPF is invariably progressive and is associated with a median survival of only 3–4 years [151]; pirfenidone
and nintedanib, two oral antifibrotic therapies, reduce lung function decline in IPF patients [152–154]. A
progressive fibrosing phenotype has also been observed to develop in a proportion of patients with other
ILDs, including those associated with CTD and pSS. The open-label LOTUSS study suggested that
pirfenidone associated with MMF also had an acceptable safety and tolerability profile in subjects with
SSc-ILD, but no conclusions could be drawn on its effects on lung function because of the lack of a
comparator group [155]. The efficacy and safety of pirfenidone in subjects with SSc-ILD (in combination
with MMF versus MMF alone), is currently being investigated in clinical trials.

The efficacy and safety of nintedanib in subjects with SSc-ILD was explored in the SENSCIS trial, in which
a reduction in the rate of FVC decline was observed in patients treated with nintedanib compared to
patients enrolled in the placebo arm. The effect of nintedanib was lower in patients with SSc-ILD than in
patients with IPF (INPULSIS trials), but the relative reduction in the rate of FVC decline observed with
nintedanib versus placebo was similar (44% and 49%, respectively) [156]. In this study, approximately half
of the trial population received MMF. The decline in FVC in the placebo group and the magnitude of the
effect of nintedanib differed depending on MMF use, suggesting a potential benefit of MMF on lung
function.

In the INBUILD trial (ClinicalTrials.gov identifier: NCT02999178), the efficacy and safety of nintedanib
versus placebo was assessed in patients with a physician-diagnosed ILD other than IPF, who have features
of diffuse progressive, fibrosing lung disease [157], including those diagnosed in patients with CTD [158].

The patients who received nintedanib had a slower progression of ILD than those receiving placebo, as
shown by a lower annual rate of decline in the FVC over the 52-week period, both in the overall trial
population and in patients with a UIP-like fibrotic pattern on HRCT. An interesting result of this trial was
that the decline in the FVC of placebo-treated patients with non-UIP-like fibrotic patterns was only
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slightly lower than that in patients with a UIP-like fibrotic pattern, suggesting that progressive fibrosing
ILDs, regardless of clinical diagnosis, have a similar pathobiological mechanism. Therefore, antifibrotic
therapies, may have beneficial effect also in a heterogenous group of patients with progressive fibrosing
ILD, including those associated to pSS. A therapeutic association between an antifibrotic drug and a
traditional immunosuppressive agent as MMF could retard the progression of ILD related to CTD.

Moreover, best supportive care (or palliative care) aimed to improve HRQoL, has also an important role in
the management of chronic diseases, such as pSS-ILD, mainly for the control of symptoms, such as cough
and dyspnoea, side-effects caused by treatment of lung involvement, and psychological, social, and
spiritual problems related to the disease or its treatment [159].

Palliation of dyspnoea and anxiety is generally managed with opioids and benzodiazepines [58]. Also,
management of cough is important, using various types of drugs to palliate this symptom, such as oral
steroids, opioids and gabapentin [159].

TABLE 2 Possible future therapeutic options in patients with primary Sjogren syndrome and connective tissue disease-related
interstitial lung disease (ILD)

Molecule Mechanism of action
Type of
trial

Development
phase study Primary outcome

Ongoing trial in primary
Sjogren’s syndrome
Belimumab/rituximab [134] Anti-BAFF/anti-CD20 Phase 2 Ongoing Safety and efficacy of sequential therapy with belimumab

followed by rituximab or their co-administration for
primary Sjogren’s syndrome-related B-cell
lymphoproliferation

Prezalumab [134] Anti-B7RP-1 (ICOSL) Phase 2 Ongoing Change from baseline in ESSDAI score at day 99
Tocilizumab [135] Anti-IL-6R Phase 2/3 Ongoing Improvement of the ESSDAI score ⩾3 points compared to

enrolment
Low-dose recombinant

human IL-2 [136]
Low dose of IL-2 Phase 2 Ongoing Improvement in ESSDAI at 24 weeks

Filgotinib, lanraplenib,
tirabrutinib [137]

Selective
JAK-inhibitors

Phase 2 Ongoing Improvement in ESSDAI at 24 weeks

Iguratimod [138] Inhibitor of nuclear
factor κB activation

Phase 1/2 Ongoing Open-label study, improvement in ESSDAI at 24 weeks

Tibulizumab [139] Anti-BAFF and
anti-IL-17A

Phase 1 Ongoing Evaluation of safety, tolerability, pharmacokinetics
and pharmacodynamics

Completed trial in primary
Sjogren’s syndrome
RSLV-132 [140] RNase-Fc fusion

protein
Phase 2 Completed Significant reduction in fatigue

Ianalumab [141] Anti-BAFF-R Phase 2 Completed Trend in reduction of ESSDAI
CFZ533 [142] Anti-CD40 Phase 2 Completed Trend in reduction of ESSDAI

Ongoing trials on ILD
secondary to connective
tissue diseases
Pirfenidone [143] RELIEF Phase 2 Completed Efficacy and safety of pirfenidone as add-on to existing

treatment for progressive, non-IPF lung fibrosis
NCT02808871 [144] TRAIL1 Phase 2 Ongoing Efficacy and safety of pirfenidone as add-on to

existing treatment in patients with rheumatoid arthritis
related ILD

NCT03843892 [145] Not available Phase 2 Ongoing Expanded access programme to provide nintedanib to
patients with non-IPF ILD who have no alternative
treatment possibilities

Rituximab versus
cyclophosphamide [146]

RECITAL Phase 3 Ongoing Change in FVC at 24 weeks in patients with ILD due to
systemic sclerosis, inflammatory idiopathic myopathies,
mixed connective tissue diseases

Pirfenidone versus
mycophenolate mofetil [147]

SLS III Phase 2 Ongoing Treatment of patients with active and symptomatic
systemic sclerosis related ILD

Abatacept [148] ATtackMy-ILD Phase 2 Ongoing Efficacy and safety of s.c. abatacept in treating
myositis related ILD in comparison to placebo

IL: interleukin; BAFF: B-cell activating factor; ICOSL: inducible T-cell co-stimulator; ESSDAI: EULAR Sjogren syndrome disease activity index;
IPF: idiopathic pulmonary fibrosis; FVC: forced vital capacity.
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Oxygen therapy increases survival and improves HRQoL of hypoxaemic patients and is usually prescribed
when oxygen saturation is <88% at rest [160]. A recent study suggests that oxygen seems to be associated
with improved HRQoL in patients with ILD with isolated exertional hypoxia and can, therefore, be
considered an effective intervention in this patient group [161].

Finally, data regarding survival after lung transplantation in CTD and specifically in patients with pSS are
poor and conflicting [162]. However, recent studies seem to suggest that post-transplant outcomes in
patients with CTD-ILD, including pSS, do not differ significantly from those in patients with
non-CTD-ILD [162]. Possible negative prognostic factors include renal impairment, possible onset of skin
ulcerations and consequent complicated surgical wound repair, arrhythmias and older age.

Conclusions
Improved understanding of the pathogenesis of pSS will permit the development of new therapeutic
agents, particularly for pulmonary involvement.

pSS can potentially affect any organ; therefore, comprehensive treatment is related to the evaluation of the whole
spectrum of this condition, including pulmonary involvement. However, there are no data on the clinical utility
of using HRCT in all patients with pSS to confirm or exclude CTD-ILD. Some patients with pSS may have a
subclinical nonprogressive lung disease that does not require specific therapy. An important unmet clinical need
is the identification at diagnosis of predictors able to identify the patients who will develop progressive lung
disease and therefore will need more accurate pulmonary screening and more aggressive therapies.

Antifibrotic drugs are effective in reducing lung function decline in patients with ILD, including also those
with CTD (particularly in patients with SSc). Although there are no direct therapeutic experiences,
traditional immunosuppressive agents in association with antifibrotic drugs could also become the
preferential treatment in patients with pSS and progressive fibrotic ILD.
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