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ABSTRACT
Primary Sjögren’s syndrome (pSS) is
a complex and heterogeneous disorder characterised by a wide spectrum
of glandular and extra-glandular features. The discovery of novel biomarkers allowed to characterise the disease
not only phenotypically on the basis of
clinical presentation, but also on the basis of the endotype. Moreover, a better
stratification of patients has important
value in the evaluation of mechanisms
underlying the risk of lymphoproliferative disorders in these patients. Finally,
novel targeted therapies may open new
possibilities for the application of personalised medicine in pSS.
Introduction
Primary Sjögren’s syndrome (pSS) is a
chronic systemic autoimmune disease
characterised by a wide spectrum of
clinical features, extending from exocrine involvement to extra-glandular
manifestations. Growing efforts have
been made during the last months to
deeper characterise the disease, its
pathogenetic pathways and ultimate
searching for novel biomarkers that
may allow an earlier diagnosis and a
more precise therapeutic intervention.
In this review, following previous others (1-5), we will summarise the most
recent literature on SS clinical presentation, diagnosis and treatment. Moreover, interest will be directed to the
analysis of recent literature on lymphoproliferative risk and application
of salivary gland ultrasonography as
diagnostic tool. Finally, we will highlight the state of the art of pSS therapy.
In this perspective, we have performed
a Medline search of English language
articles published in the PubMed database from 1st January 2019 to 31st
December 2019.

Clinical phenotypes and
comorbidities
Glandular manifestations
Involvement of the exocrine glands
represents the main feature of pSS. In a
recent analysis of a prospective multicentre Spanish cohort of more than 400
pSS patients, about 94% complained
dry eye or dry mouth symptoms at
diagnosis and around 30% of patients
presented with unilateral or bilateral
parotid gland enlargement (6). Moreover, the severity of sicca symptoms
may hamper the quality of life. Dry eye
in pSS has more severe clinical course
and functional damage in comparison
to non-SS dry eye. In order to better
characterise features of dry eye in pSS,
Yoon et al. performed a cross-sectional
study evaluating 91 pSS diagnosed according to the 2012 American College
of Rheumatology (ACR) criteria and
55 non-SS subjects with dry eye (7).
Markers of ocular damage, including
tear break-up time (BUT), Schirmer
test I and corneal/conjunctival staining
scores, were significantly worse in pSS
patients. Moreover, Authors compared
the characteristics of dry eye in pSS patients who did and did not satisfy the
2016 ACR-European League Against
Rheumatism (EULAR) classification
criteria. Interestingly, there were no
significant differences between the two
groups in immunologic parameters as
well as ocular surface scores while focus score was higher in the group of
patients fulfilling the 2016 ACR/EULAR classification criteria (7). These
data were further confirmed in a casecontrol study comparing features and
medical and occupational history in
patients with pSS, dry eye syndrome
and B-cell non-Hodgkin’s lymphoma
(8). Primary SS patients were characterised by an increased dryness sever-
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ity in comparison to subjects with dry
eye syndrome and healthy controls (8).
Interestingly, some novel autoantibodies, including anti-salivary gland protein 1 (SP1), anti-carbonic anhydrase 6
(CA6) and anti-parotid secretory protein (PSP), suggested as useful markers
to identify pSS patients at early stage,
may be associated with dry eye occurrence in these patients. In particular,
anti-CA6 were associated with severe
aqueous deficient dry eye (9). However, future longitudinal larger studies are
needed to evaluate their specificity in
screening dry eye subjects for SS.
Dry mouth represents an adjunctive
discomfort in these patients and significantly affects oral health. There are
data supporting a link between low salivary flow rates and increased risk for
dental caries both in pSS patients and
in subjects with other causes of salivary hypofunction. A recent retrospective study compared the risk factors for
caries between patients with pSS salivary hypofunction and subjects with
non-SS salivary hypofunction (10).
The pSS group had a significant higher
number of total caries in comparison to
other groups. Interestingly, in the pSS
group, a focus score greater than 1 was
the only factor associated with a greater number of total caries (10). Thus, the
increased risk of caries in pSS patients
is not sufficiently explained by salivary
hyposalivation, and other pSS-related
factors should be investigated. In this
setting, a recent study explored the association between low salivary flow
and altered oral microbial homeostasis
in pSS patients, non-SS sicca symptoms and healthy controls (11). The
analysis of oral microbiota revealed
dysbiosis in the salivary microbiota
from pSS and non-SS patients compared to healthy controls. In particular,
the salivary microbiome in the pSS
group, characterised by lower abundance of Neisseria and Porphyromonas
and a higher abundance of Veillonella,
differed significantly from non-SS
group, thus suggesting that hyposalivation alone is not necessarily the cause
of dysbiosis in pSS (11). Finally, xerostomia in pSS patients may be associated with higher risk of periodontal disease (PD), including higher prevalence
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of plaque and gingival bleeding. A recent population-based study found that
patients with PD have a 50% increased
risk of subsequent pSS, thus suggesting that immune-mediated inflammatory mechanisms may contribute to this
association (12). However, conclusive
evidence regarding increased risk of
PD in pSS patients is lacking. A recent
meta-analysis and systematic review
evaluated PD prevalence in a cohort of
228 pSS patients (13). Outcome measures included plaque index, gingival
index, pocket-probing depth, clinical
attachment loss, decayed missing filled
teeth and decayed missing filling surfaces. No significant increased risk of
PD was observed in pSS patients in
comparison to controls except for higher susceptibility to caries in the former
group.
Take home messages
• Dry eye is more severe in patients
with SS, compared to subjects with
non-SS dry eye (7, 8).
• PSS patients have higher prevalence
of dental caries, probably not only due
to hyposalivation but also to altered
mouth microbiota (10, 11).
Extraglandular manifestations
There is growing awareness that extraglandular manifestations represent a
clinical challenge in pSS patients due
to the heterogeneous clinical presentations. The analysis of a huge international cohort of pSS patients enrolled
in the Big Data Sjögren Project Consortium registry showed that more than
a quarter of patients may have systemic
manifestations not currently included
in the EULAR SS Disease Activity
Index (ESSDAI), cardiovascular (CV)
manifestations being the most frequent
(14). Moreover, although many of
these manifestations are usually mild
and do not affect patient prognosis,
some may have a relevant impact on
disease outcome and patient quality of
life (14). In recent years, considerable
effort was directed to the investigation
of biomarkers which may identify specific disease phenotypes (15).
Clinical manifestations related to lung
involvement in pSS patients are varied
and initial symptoms are usually non-

specific. Even though lung involvement may be present in nearly one fifth
of patients, it is often under-evaluated
despite its important clinical implications. Moreover, patients with pulmonary involvement have a decreased
quality of life and an increased mortality as compared to patients without lung disease (15, 16). Respiratory
tract involvement in pSS may cause
tracheal, bronchiolar, and pulmonary
complications including xerotrachea,
bronchiolitis and bronchiectasis, pulmonary cysts and bronchus or lungassociated lymphomas (16, 17). Interstitial lung disease (ILD) has been
reported in 3-11% of pSS patients and
represents a significant cause of morbidity due to its variable course. Nonspecific interstitial pneumonitis (NSIP)
is the most common subtype, followed
by usual interstitial pneumonia (UIP),
lymphoid interstitial pneumonia (LIP)
and organising pneumonia (OP) (16).
Considering that patients with pSSILD may have a different prognosis,
researchers focused on factors predictive of ILD development at disease
diagnosis. Among these, older age,
Raynaud’s phenomenon and oesophageal involvement have been identified
as predictive factors associated with
poorer outcome (15). In a retrospective multicentre study including 99
pSS patients with ILD, Kamiya et al.
demonstrated that elevated serum levels of Krebs von den Lungen-6 (KL-6),
a mucin-like glycoprotein expressed
on type II alveolar epithelial cells, are
associated with higher mortality rate
(18). In addition, lower forced vital capacity and older age at diagnosis were
significantly associated with worse
survival (18). Chest high-resolution
computed tomography (CT) patterns
may also suggest worse outcome. In a
retrospective study, Guisado-Vasco et
al. evaluated the value of a quantitative
CT (QCT) index in identifying the extension of lung disease in pSS patients
with ILD (19). There was a statistically
significant difference in QCT index
distribution between pSS patients with
and without ILD. Moreover, higher
scores identified patients with more extensive parenchymal involvement (19).
Among serologic markers, a retrospecS-11
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tive analysis of the medical records of
a wide cohort of Korean pSS patients
without features of antineutrophil cytoplasmic antibody (ANCA) vasculitis
demonstrated that positivity of ANCAmyeloperoxidase at baseline is predictive of ILD development in pSS (20).
Among the wide spectrum of systemic
extra-glandular manifestations, renal
involvement may significantly influence disease course due to its insidious
clinical appearance which may delay
the diagnosis. In a recent analysis of
20 pSS patients, tubulointerstitial nephritis (TIN) occurred near or prior to
the onset of sicca symptoms manifesting as distal renal tubular acidosis with
hypokalaemia (21). On the opposite,
glomerular involvement, mainly membranoproliferative glomerulonephritis
(GN) with cryoglobulinaemia, manifested years after disease onset with
chronic kidney disease, haematuria or
nephrotic proteinuria (21). Moreover,
TIN was characterised by indolent
course not responding to immunosuppressive therapy while GN showed a
favourable response to immunosuppressive agents, including rituximab,
mycophenolate mofetil and cyclophosphamide (21). Researchers investigated
biomarkers useful in identifying renal
disease in pSS. In a wide pSS cohort,
renal involvement was associated with
higher levels of creatinine, cystatin C,
and alpha-1-microglobulin (α1-MG)
(22). Similarly, in a large cross-sectional study of more than four hundred Chinese pSS patients, histological positivity of salivary gland biopsy,
reduced C3 levels, hypoalbuminaemia
and anaemia were significantly associated with higher risk of renal involvement. Interestingly, xerophthalmia and
anti-SSA/Ro52 positivity displayed a
negative association (23). This study
suggests that pSS patients with renal
involvement are characterised by a
distinctive clinical profile with higher
disease activity, higher prevalence of
salivary gland biopsy positivity and elevated inflammation, but a lower prevalence of xerophthalmia.
Neurological involvement represents a
relevant clinical challenge in these patients due to its heterogeneous presentation, diagnostic complexity and negS-12

ative prognostic outcome (24). In fact,
these patients usually experience higher level of disease activity and onset or
worsening of disease activity in the peripheral nervous system (PNS) domain
is significantly associated with higher
level of disease activity after longterm follow-up (25). Finally, it exerts
a negative impact on patient quality
of life due to its disabling symptoms,
often requiring immunosuppressive
therapies (26). Neurological manifestations account for 10% to 60% of
cases, being the PNS involvement the
most frequently reported (24). Sensory
or pure sensory neuropathies, in particular painful small-fibre neuropathy
(SFN) and dorsal root ganglionopathy,
have been frequently described as peculiar features (24). These patients are
characterised by a distinct clinical and
serologic profile as highlighted in a
recent cross-sectional study involving
pSS patients with biopsy-proven SFN.
Patients with SFN were mainly male
and had decreased frequency of antiSSA/Ro 52/60 antibodies and of rheumatoid factor (27). Similarly, in a wide
prospective Korean cohort analysis,
anti-SSA/Ro-negative patients were
characterised by higher prevalence of
PNS at ESSDAI domain in comparison
to anti-SSA/Ro-positive (28).
Besides the glandular disease, joint involvement represents one of the most
frequent disease manifestations. It has
been reported in 20% up to 60% of
pSS patients, and about one third presents synovitis resembling rheumatoid
arthritis (RA) (29). In order to characterise the features and the therapeutic
outcome of pSS-associated arthritis,
Mirouse et al. performed a retrospective analysis of a French cohort of 57
pSS patients with at least one episode
of clinical and/or echography detected
synovitis (30). Patients with synovitis
were characterised by higher frequency
of parotid gland swelling, lymph node
enlargement and a significantly higher
ESSDAI score in comparison to patients without synovitis. No difference
between groups was detected regarding
acute phase reactants, rheumatoid factor positivity or detectable anti-cyclic
citrullinated peptide (CCP) antibodies.
Of note, no structural erosive progres-

sion was observed during follow-up, including all pSS patients with anti-CCP
antibodies, and immunosuppressive
agents, including hydroxychloroquine,
methotrexate and rituximab, showed a
similar good efficacy in reducing pain
and joint inflammation (30). A recent
systematic review and meta-analysis
of ten studies involving 1322 pSS patients demonstrated that anti-CCP antibodies are associated with a significant
four-fold higher risk of arthritis in pSS
patients and with development of RA
(31).
It is well known that pSS is frequently
associated with organ-specific autoimmune disorders, in particular with
autoimmune thyroid disease. In order to evaluate if autoimmune thyroid
disease represents a distinct nosologic
condition differing from pSS, Anaya
et al. performed a retrospective analysis of about 300 pSS patients comparing clinical and serologic features of
patients with pSS alone and patients
with pSS and Hashimoto’s thyroiditis
(HT) (32). Primary SS with HT were
characterised by higher prevalence of
lymphadenopathy and urticaria while
anti-Ro/SSA antibodies were more
frequent in the pSS group, suggesting that, although SS and autoimmune
thyroid disease share common physiopathologic mechanisms as part of the
autoimmune background, they should
be considered two different entities.
In the recent years, convincing evidence suggested that patients with systemic rheumatic diseases, in particular
pSS, may have an increased risk of coeliac disease (CD). A recent multicentre,
case-control, Italian study involving
more than 1,400 patients with systemic
autoimmune diseases, including pSS,
systemic lupus erythematosus (SLE)
and systemic sclerosis, reinforced this
hypothesis (33). Primary SS patients
were characterised by significant higher prevalence of CD in comparison to
a wide general population (6.78% vs.
0.64%). Moreover, pSS patients with
CD were younger at autoimmune disease diagnosis in comparison to noncoeliac group, thus suggesting that
screening for CD may be considered in
young pSS patients, especially at disease diagnosis.
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It is important to consider that concomitant comorbidities, including infection
risk, CV disease and non-lymphoma neoplastic diseases (in particular, thyroid
gland cancer), may also influence pSSrelated morbidity and mortality (34).
Indeed, pSS patients are characterised
by increased prevalence of subclinical
atherosclerosis and higher risk of both
cerebrovascular and CV events in comparison to general population (35-37).
Multiple interacting mechanisms have
been associated to the acceleration of
subclinical atherosclerosis and CV
damage in these patients. Traditional
CV risk factors play a relevant role
in the contribution to atherosclerotic
damage, as recently highlighted (38).
In particular, hypertension emerged as
a prominent CV risk factor being more
prevalent in these patients and associated with increased risk of overt CV
events (39, 40). In a recent study recruiting a cohort of 367 pSS patients,
hypertension, older age and extraglandular involvement were independently correlated with CV events (41).
Secondly, inflammatory mediators and
disease-related immune markers cooperate with traditional CV risk factors
in the pathogenesis of atherosclerotic
damage (42). In particular, the highest CV risk appears to be associated
with circulating anti-Ro/SSA and La/
SSB, as demonstrated in a recent casecontrol study with a median follow-up
of 10 years (43). Finally, adjunctive
features, like disease duration, may
further increase CV morbidity in pSS
(43). In order to evaluate the interplay
between disease-speciﬁc inﬂammatory
and autoimmune features, and traditional CV risk factors in inﬂuencing
CV risk, an artiﬁcial neural network
analysis has been recently applied to
a cohort of 408 pSS patients (44). Interestingly, in the entire cohort, hypertension resulted the most prevalent
traditional CV risk factor and patients
presenting with at least one CV event
displayed signiﬁcant higher prevalence
of hypertension (77%) with respect
to subjects free from CV comorbidity
(35%). This new data mining computational analysis allowed to identify two
different patterns of distribution in CV
risk factors, pSS-related features and
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major CV events. The first was characterised by close interconnection of traditional CV risk factors to each other
and to pSS glandular involvement. The
second pattern, including ischaemic
CV events, was closely associated with
extra-glandular disease activity, longer
disease duration and some clinical or
serological manifestations typical of
the autoimmune phenotype, including
purpura, leukopenia, low complement
and cryoglobulinaemia.
Finally, pSS patients complain a reduced quality of life as result of systemic chronic symptoms, like fatigue,
depression and anxiety, which significantly affect health-related quality of
life (HRQoL). Indeed, HRQoL reduction in pSS is similar to that reported
in other systemic rheumatic disorders,
as RA and SLE (45). In pSS patients,
impaired HRQoL is associated with
fatigue, pain, articular involvement,
sicca symptoms, pulmonary manifestations, psychological dysfunction
and impaired physical function (45).
Patients complain sleep problems, reduced sleep efficiency and daytime
hyper-somnolence (46). In addition,
mood and several neuropsychological
domains such as cognition difficulties
with attention, focusing, memory and
new learning, are commonly reported
problems in pSS (47). In order to better characterise factors contributing to
fatigue in these patients, Pertovaara et
al. have analysed a cohort of 100 pSS
patients and depicted that fatigue was
associated with disease duration and
some inflammatory markers (48). Omdal et al. hypothesised that, besides inflammation and cellular stress responses, pain represents another activator of
the sickness response, therefore inducing fatigue. In particular, interleukin
(IL)-1β signalling in the brain possibly
represents a final common pathway for
fatigue. Interleukin-1β has also been
implicated in depression, thus explaining why fatigue and depression are so
tightly associated (49).

immune checkpoint inhibitors (ICI)s,
and sicca syndrome is described as a
complication of ICI therapy. Recently,
Warner et al. evaluated 20 patients who
developed sicca syndrome after ICI
treatment (50). The median interval
between ICI introduction and symptom
onset was 70 days. Dry mouth, assessed
by reduction of whole unstimulated saliva flow, was reported in all patients.
Acute dry eye developed in 6 patients
of which 5 had a positive Schirmer test
in at least one eye. Only 3 patients had
positive test for anti-nuclear antibody
(ANA) and 2 for rheumatoid factor and
anti-SSA antibodies. Almost all patients
underwent labial salivary gland biopsy
with demonstration of a mild chronic
sialadenitis with focal lymphocytic
infiltration in the majority of patients.
Interestingly, inflammatory infiltrate
was mainly characterised by predominance of CD3+ and CD4+ T cells with
paucity of CD20 B cells. In addition to
supportive measures and ICI therapy
withdrawn, corticosteroids therapy was
employed in almost all patients.
Ramos-Casals et al., in the Immuno
Cancer International Registry, identified a total of 26 patients who developed sicca syndrome after treatment
with ICI (51). These patients were
mainly men with a median age at diagnosis of 64 years. Of these, 25 patients developed dry mouth and 17 dry
eyes. Minor salivary gland biopsy was
performed in 15 patients and depicted
mild chronic sialadenitis in 8 subjects
and focal lymphocytic sialadenitis in
the remaining 7. Immunological markers included positive ANA and anti-Ro/
SSA in the majority of cases. In summary, ICIs should be included in the
list of drugs causing sicca symptoms
but patients developing sicca syndrome
after therapy introduction display a
specific phenotype different from pSS,
mainly characterised by increased
prevalence of males, higher age at diagnosis, negative immunologic profile
and extra-glandular involvement (51).

Sicca syndrome and immune
checkpoint inhibitors
Rheumatic immune-related adverse
events are often reported in patients
with cancer receiving therapy with

Take home messages
• Over one quarter of patients with pSS
display extra-glandular manifestations
not included among ESSDAI domains
(14).
S-13
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•Alpha-1-microglobulin (α1-MG) may
prove a useful biomarker for renal involvement in pSS (21, 22).
• Patients with peripheral nervous system involvement usually display more
active systemic disease and lower
prevalence of sicca features (24, 28).
• PSS-associated arthritis is usually
non-erosive and subjects with positive
anti-CCP autoantibodies are at higher
risk of developing RA (30, 31).
• Other autoimmune diseases, such as
autoimmune thyroiditis and coeliac
disease are more prevalent in pSS subjects compared to the general population (32, 33).
• Immune-checkpoint inhibitors can induce sicca syndrome with features of
sialadenitis, though clinically, serologically and pathologically distinct from
SS (50, 51).
Lymphoma in pSS: what is new?
Novel biomarkers
Low miR200b-5p levels in minor
salivary glands (MSGs) represent a
proposed novel predictor for the development of lymphoma in pSS. Kapsogeorgou et al. provided additional
data supporting low miR200b-5p as an
independent predictor, since the predicting power resulted independent
from the degree of MSGs infiltration
and focus score (52-54). Another novel
biomarker of lymphoproliferation in
pSS indicated by Gandolfo et al. is
thymic stromal lymphopoietin (TSLP).
Significantly higher TSLP serum levels
were found in pSS patients and, importantly, they increased from fully benign
infiltrates to parotid myoephitelial sialadenitis (MESA) and finally to NHL.
Of note, TSLP was also studied in pSS
pathologic tissues, again stratified from
fully benign, MESA and NHL, and in
controls. Both RT-PCR immunohistochemistry and immunofluorescence
were used. A significant increase in the
percentage of TSLP-positive B-cells
along with the worsening of B-cell
lymphoproliferation was evidenced,
maximal in NHL. Furthermore, inducible TSLP (the long isoform of TSLP
mRNA) was detected only in higher
grades of B-cell lymphoproliferation
(MESA and NHL), whereas the short
constitutive isoform of TSLP mRNA
S-14

was similar in all the pSS biopsies, although significantly higher than in controls. Finally, TSLP expression by salivary epithelium declined along with
the progression of B-cell lymphoproliferation, the B-cells themselves increasingly becoming TSLP-positive. A
pathogenetic role of TSLP in pSS-associated lymphoproliferation was then
supported (55).
The role of TREX1 on the risk of pSS
and pSS-related lymphoma was explored by Nezos et al. The expression
of three single nucleotide polymorphisms of the TREX1 gene (rs11797,
rs3135941 and rs3135945) and of IFNI genes was evaluated in patients with
pSS, pSS-associated lymphoma and
healthy controls. Patients carrying the
rs11797 AA genotype had increased
type I IFN-related gene expression in
minor salivary glands. Significantly
decreased prevalence of the rs11797
A minor allele was detected in pSS patients with non-MALT lymphoma. A
genetically related defective type I IFN
production could represent a potential
mechanism in pSS-related lymphomagenesis (56).
Pathogenetic issues
Gorodetskiy et al. examined the clonal
relationship between low- and highgrade NHLs in pSS. Data from 6 pSS
patients who had developed MZL and
synchronous or metachronous DLBC
were analysed, identifying immunoglobulin heavy chain gene rearrangements by means of multiplex PCR
and GeneScan fragment analysis. In
5/6 cases, low and high-grade tumour
pairs showed identical clonal patterns, despite being located in different
sites. Then, the concept that DLBCL
frequently results from low-grade
lymphoma progression in pSS is supported (57). Xian et al. investigated
the association between B-cell growth
factors and pSS-related autoantibodies in patients with NHL, analysing
BAFF, anti-SSA/Ro, IL-14, and tissue
specific autoantibodies (TSA) including SP1, CA6 and PSP (58). However,
also a high number of pSS-unrelated
control NHLs patients were positive
for pSS-associated antibodies in this
study. Mörth et al. detected an increase

in associated autoimmune conditions
(17.3%) in patients with DLBCL
treated with R-CHOP/CHOP-like regimens, compared to the general population (3-10%) (59). Furthermore, NHL
associated with those with autoimmune
conditions driven by B-cell responses,
mainly women with pSS, SLE and RA,
had a worse survival (59).
Paediatric pSS is a relevant subset of
pSS. Tesher et al. presented two cases
of paediatric pSS and reviewed the
literature. Importantly, one of the two
patients was successfully treated with
rituximab and hydroxychloroquine,
and did not need chemotherapy. The
clinical differential diagnosis between
non-malignant parotitis and parotid
NHL in pSS was also stressed by the
Authors (60).
A useful review by Talotta et al. integrates the role of dysbiosis and chronic
infections with the epigenetic control
of gene expression in pSS patients,
and their possible involvement in Bcell lymphomagenesis (61). These factors act by inducing hyperexpression
of genes that are mainly involved in
the innate and adaptive immune responses and oncogenesis. Major ones
are the interferon-I (IFN-I) and IFNII signature (62) and IFN regulatory
factor 5, mediating both viral latency
and B-cell transformation (63, 64).
Microbial agents may also promote
the activation of proinflammatory and
survival pathways in the salivary gland
epithelium and lymphocytes, through
the alteration of the epigenetic background, giving to B and T lymphocytes
an activated or transformed phenotype.
The role of transposable integrated retroviral elements in B-cell deregulation
was also commented (65). The review
by Nakamura et al. is of value to consider pSS-related lymphomagenesis in
the light of marginal zone/MALT lymphomagenesis in general, the Authors
focusing on the latter (66).
Lymphoma risk and lymphoma
diagnosis
A novel methodology to develop lymphoma prediction in pSS patients, giving emphasis also on a quality control
pipeline for clinical data, was presented
by Pezoulas et al. (67, 68). Such meth-
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odology is represented by a first rulebased, binary supervised learning model. A boosted decision tree model was
used to identify prominent features with
increased importance for lymphoma development in pSS. The results showed
an average accuracy 87.1% with an average area under the curve (AUC) score
88%. This model supported the importance of C4, rheumatoid factor and lymphadenopathy as prominent lymphoma
predictors, along with major salivary
gland enlargement (67, 68).
Prediction of lymphoma in pSS was
reviewed by several Authors. When
analysing classic and novel predictive
markers of NHL, Kapsogeorgou et al.
highlighted the relevance of recent
multifactorial predicting models, and
of novel analytical approaches in general. These are based on machine learning and on big data analyses, to permit
harmonisation of patients and the creation of universal algorithms (69).
Nocturne et al. highlighted the need of
an international consensus on salivary
gland histopathology in pSS and on
the immunohistological definition of
germinal centres (70). The relevance
of histopathology was also stressed by
Delli et al. (71). The pathogenetic role
of CD21 low B cells and SCOLYSS
were also reported. SCOLYSS is a
recently proposed composite score to
predict the risk of lymphoma in pSS,
and is currently under investigation. It
was reported that seven simple variables, easy to be evaluated will be used:
the variables to build SCOLYSS have
then been established a priori (70).
Goules et al. reviewed the more recently proposed molecular and genetic biomarkers for pSS-associated lymphoma
prediction (72), and Retamozo et al.
emphasised the importance of studying
synergistic models of lymphoma risk
(73).
Regarding the diagnosis of NHL in pSS,
Keraen et al. retrospectively examined
the usefulness of 18F-FDG-PET-CT.
The Authors reported three PET patterns associated with the presence of
lymphoma in pSS with moderate to
high systemic disease activity. PET-TC
was found useful also in guiding the
histologic diagnostic procedure and in
monitoring response to treatment (74).
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Take home messages
• Thymic
stromal
lymphopoietin
(TSLP) expression in salivary glands
correlates with the degree of lymphoproliferation and is highest in nonHodgkin’s lymphoma (55).
• Diffuse large B-cell lymphoma may
represent a progression from low-grade
B-cell lymphoma (57, 58).
• Dysbiosis and chronic infections may
be able to promote B-cell proliferation
and transformation by epigenetic modulation of cell survival pathways (61).
• A composite prediction score for lymphoma development is currently under
investigation (72, 73).
Salivary gland ultrasonograpy
(SGUS)-assisted developments:
salivary gland biopsy, image
segmentation, glandular damage
and evaluation of disease activity
Ultrasound-guided salivary gland
biopsy
Salivary gland ultrasound-guided core
needle biopsy (SGUS-guided CNB) is
an established, effective and safe procedure currently applied in the diagnosis of salivary gland masses, mainly
epithelial tumours. SGUS-guided CNB
might have a role also in the management of the frequent pSS patients with
salivary gland enlargement, that could
underlie an already established lymphoma or be a pre-lymphomatous process. Recently, two pilot studies have
highlighted the role of SGUS-guided
CNB as a safe and useful technique
for evaluation of suspected salivary
gland lymphoma in pSS patients. In
a retrospective study in patients with
suspected parotid lymphoma, Baer et
al. described that SGUS-guided CNB
provided sufficient pathologic material to differentiate a range of salivary
gland pathologic findings, from normal salivary gland tissue to a diffuse
lymphocytic infiltration, representing
either benign lymphoepithelial sialadenitis or MALT lymphoma (75). The
accuracy of SGUS-guided CNB for the
diagnosis of salivary gland lymphoma
has been recently confirmed by Zabotti
et al. in a prospective cohort of pSS
patients with parotid or submandibular
gland enlargement (76). Furthermore,
differently from the previous study,

SGUS-guided CNB was targeted to the
most suspicious sonographic detected
glandular area, allowing the sampling
of parotid and submandibular glandular tissues with different sonographic
patterns. A targeted sonographic approach improves the ability of SGUSguided CNB for differential diagnosis,
and also sarcoidosis and IgG4-related
disease were diagnosed. Importantly,
the observation of fewer long-term and
transient complications in SGUS-guided CNB in comparison to open surgical
biopsy, as reported, could have a high
impact on the patient’s acceptance of
the proposed biopsy (76). Last-generation ultra-high-resolution ultrasound
(UHFUS) transducers, which can produce frequencies up to 70 MHz and
achieve tissue resolution up to 30μm,
offer new possibilities to visualise labial salivary glands and to guide diagnostic biopsy procedure. Recently, Baldini
et al. demonstrated that the mean labial
glandular surface area obtained by the
high-resolution ultrasound guided procedure was significantly higher than the
area obtained by traditional biopsy procedure. This procedure could facilitate
the assessment of the focus score (77).
The application of image-segmentation
and of artificial intelligence to SGUS
The significant intra- and inter-rater
disagreement in SGUS scoring is currently considered as a major obstacle for the acceptance of SGUS as a
classification and management tool
for pSS. As an alternative to humandependent assessment of sonographic
lesions from SGUS, it is possible to
employ computer algorithms for texture analysis and use the extracted features to develop artificial intelligence
(AI) algorithms to assist human experts in SGUS scorings (78). Recently,
Vukicevic et al. in a multi-centre collaboration in the HarmonicSS project,
tested various radiomics-based AI
algorithms for SGUS scoring in pSS
patients, identifying AI algorithms that
performed as human experts and could
be therefore useful to assist clinicians
in SGUS (79). The diagnostic performance of a deep learning system for
the detection of pSS by SGUS in 100
patients with a confirmed diagnosis of
S-15
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pSS according to classification criteria
was studied (80). The authors concluded that the deep learning system had a
high diagnostic ability for pSS by the
use of SGUS images (80). The increase
in case collection and sonographic images is needed.
Salivary gland damage
The role of the SGUS in monitoring
the history of pSS in a non-invasive
manner, the response to treatment, in
predicting the outcomes and in detecting lymphoma, although promising, is
still not well delineated (81). The SG
abnormalities due to pSS are believed
to progress slowly over time, resulting
in changes in SGUS findings. Based on
the present knowledge, SGUS could
help to identify active inflammatory lesions, namely the hypo-anechoic areas,
and the damage-related lesions, the hyperechoic bands (82). In a recent study,
the hyperechoic bands were identified
as the sonographic lesions mainly associated with SG impairment, objectively
evaluated by reduced salivary flow
rate, in pSS patients with a disease duration ≥5 years (83).
Evaluation of pSS activity
It was recently highlighted that the
quantification of inflammation and
lymphoproliferation within the salivary MALT can be a novel tool to
evaluate pSS disease activity (84, 85),
also related to the lymphoma risk.
Despite being the pathobiologic and
phenotypic essence of pSS, glandular
inflammation and lymphoproliferation
contributes limitedly to ESSDAI. Furthermore, ESSDAI is low in about 30%
of pSS who develop NHL and does not
appear as a good predictor (86). In
a cohort of 30 pSS cases with NHL,
persistent SG swelling and cryoglobulinaemia were the major predictors of
NHL in pSS. They mirror B-cell clones
employing peculiar rheumatoid-factorrelated immunoglobulin genes, prone
to malignant transformation. A recent
subproject within the HarmonicSS project (https://www.harmonicss.eu) is the
creation of a new composite activity
index for pSS, based on histopathology as the golden standard whenever
possible, but also with additional “surS-16

rogates” of pathologic MALT involvement, clinical (e.g. parotid swelling
and cryoglobulinaemic vasculitis) and
laboratory (e.g. low C4, cryoglobulinaemia, rheumatoid factor/idiotypes,
free immunoglobulin light chains, serum beta 2 microglobulin). The presence of surrogates was introduced to
allow some evaluation also when tissue biopsy is not available or cannot be
repeated, for any reason.
Take home messages
• Salivary gland ultrasound-guided
core needle biopsy is a safe and useful
technique for evaluation of suspected
salivary gland lymphoma in pSS patients (75, 76).
• Application of salivary gland ultrasonography may have importance in
the evaluation of disease activity for
the future (84, 85).
What is novel in the
treatment of pSS
It is well known that the majority of pSS
patients only manifest dry eye and dry
mouth-related symptoms, which, however, may have a severe impact on quality of life. Current treatment is based
on local tear and saliva substitutes,
immunosuppressants and systemic
secretagogues, though these strategies
are frequently ineffective and scarcely
tolerated. For these reasons, a strong
scientific effort in this field is directed
towards new potential approaches to
treat sicca syndrome. Recently, new interesting data have been published from
in vitro, animal studies, clinical trials
and observational studies.
Although there is no strong evidence
from clinical trials in support of the effect of conventional disease-modifying
antirheumatic drugs (DMARD) on tear
and saliva production, nor on the attenuation of sicca symptoms, evidence
showing efficacy in animal models is
growing. Lee et al. demonstrated that
NOD mice, a mouse model of diabetes
that spontaneously develop sialoadenitis resembling SS, treated with chloroquine in the early stages of the disease
are characterised by improvement of
tear secretion, corneal damage, lacrimal and salivary gland inflammatory
cell infiltration and pro-inflammatory

cytokine secretion via inhibition of autophagy (87).
Local cyclosporin A (CyA) is routinely used to treat xerophthalmia and
corneal damage in SS. Despite having demonstrated beneficial effects, its
use is limited by the poor tolerability
and bioavailability due to the scarce
hydrosolubility of the molecule. Scientific efforts are therefore concentrated towards an improvement of the
pharmacokinetics properties of topical
CyA. A pooled analysis of the results
of two phase III randomised clinical
trials that tested the effect of a cationic
emulsion of CyA on dry eye has been
recently performed with involvement
of 734 patients of which about 1/3 had
SS-related sicca syndrome. The results
showed a significant effect on signs
and symptoms in the group of pSS patients with severe dry eye, but not in
the overall pSS population, with a tolerability profile equivalent to standard
CyA formulations (88). Recently, as
an emulsion formulation tends to flocculate and sediment over time, a more
stable and bioavailable nanoemulsion
has been tested in a clinical trial in
South Korea with promising results. In
fact, it improved both symptoms and
signs of dry eye with an equivalent efficacy compared to the approved formulation of CyA. However, the effect
of the nanoemulsion was evident at an
earlier time-point, presumably due to
its higher bioavailability (89).
Other immunosuppressants are undergoing investigation for the local
treatment of dry eye in pSS, such as
sirolimus, which exerts its activity by
inhibiting the signal transduction of interleukin (IL)-2 and, therefore, the activation of B and T cells, essential players in the pathogenesis of the disease.
Its potency is higher compared to CyA
but similar in terms of water solubility,
limiting its capability of penetrating the
tear film barrier. Nonetheless, subconjunctival injection of sirolimus following microencapsulation in NOD mice
showed a dose-dependent improvement of tear secretion and corneal damage compared to controls, suggesting a
potential benefit in pSS patients (90).
The mTOR signalling pathway regulated by sirolimus is also inhibited by
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metformin, via the activation of AMPactivated protein kinase (AMPK). It
is known that the inhibition of mTOR
in T cells promotes their preferential
differentiation towards a regulatory
(Treg) phenotype. Similarly, AMPK
activation causes inhibition of signal
transducer and activator of transcription (STAT)3 which is involved in the
differentiation of Th17 and T follicular
helper (Tfh) cells. Based on these data,
a study performed on NOD mice treated with metformin showed significant
improvement of saliva secretion and a
reduction of salivary glands T cell infiltration and pro-inflammatory cytokines
levels, along with a promotion of T cell
differentiation towards a regulatory
(Treg) phenotype (91). A similar effect
on Th17, Treg and Breg cells and on
pro-inflammatory cytokines in NOD
mice salivary glands was observed following the administration of rebamipide, a gastroprotective agent able to
enhance prostaglandin synthesis. However, the mechanisms underlying this
effect require further research (92).
Some data on approaches other than
systemic secretagogues for the treatment of xerostomia have been published and showed an improvement
of patient-reported outcomes (PRO)
and salivary secretion using salivary
stimulants such as malic acid lozenges
and citric acid solution, with a stronger
effect by the former. Additionally, in a
group of patients – 1/3 diagnosed with
SS and the other with xerostomia due to
other causes – who underwent salivary
gland irrigation procedures through the
retrograde injection of saline into the
four major salivary gland, a significant
proportion experienced an increase of
unstimulated salivary flow (93). Additionally, two meta-analyses performed
on pharmacological treatment of xerostomia in pSS confirmed a positive outcome for interferon-α, cevimeline and
pilocarpine (94, 95).
In recent years, potential applications
of cell and antigen therapy for the
treatment of SS have been extensively
investigated and data are progressively
accumulating. Human umbilical cord
mesenchymal stem cells (hUCMS) are
multipotent cells extracted from the
Wharton jelly of umbilical cord and
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have the great advantage of being accessible and easy to extract. Their ability to modulate the immune response
is now well established, however more
data are necessary to characterise their
behaviour in vivo. In a rabbit model of
dacryoadenitis, hUCMS were shown
to promote macrophage polarisation
towards an M2 phenotype, therefore
favouring an anti-inflammatory behaviour and ultimately improving damage
and function of lacrimal glands (96).
One of the limitations of the use of cell
therapy is the immunogenicity induced
by the injection of allogenic cells into
the host. Despite hUCMS should not
induce immunogenicity, their survival
in vivo is relatively short. Multiple
methods have been attempted in order
to overcome these limitations, including administration of an extract, rather
than viable cells, with preliminary data
showing equivalent effects (97). An
alternative potential method to modulate immune system activity is through
therapeutic administration of antigens,
resembling a vaccination response. A
recent study showed that the administration to a murine model of sialoadenitis of transgenic rice seeds expressing
peptide ligands of the M3 muscarinic
receptor engineered in order to replace amino acid residues at the sites
of interaction with the T cell receptor
(TCR), is able to modulate the immune
response by increasing salivary flow,
reducing glandular inflammation, proinflammatory cytokine secretion in the
gland and balance between Th17 and
Treg cells. These aspects deserve however further investigation (98).
In patients with severe, long-lasting
sicca syndrome, complications of the
lack of saliva and tears are frequent.
One of the most concerning aspects is
the increased frequency of caries. One
of the objectives of sialogogues prescription, beyond mitigating the symptoms, is the preservation of oral and ocular health. However, unlike the results
on animal models and some recommendations, a recent study showed no
effect on the rate of caries development
in patients treated with pilocarpine
compared to controls (99). Similarly,
dry eye can sometimes be refractive to
all the treatments and may sometimes

complicate with the development of
abrasions, ulcerations and occasionally
corneal perforations, which require a
more aggressive treatment. Shafer et
al. have attempted the use of cryopreserved amniotic membrane, locally applied on the ocular surface, and showed
that after few days the symptoms and
ocular surface damage dramatically
improved, although the benefit was
short-lasting. Being only a case series,
it would be interesting to further explore this therapeutic strategy, which
may exert its effect acting both as a
mechanical barrier and as a modulator
of inflammation (100).
As previously mentioned, pSS may
be a systemic disease and almost all
patients complain of systemic symptoms such as fatigue. Several therapeutic strategies have been attempted
in order to improve fatigue, with very
scarce outcomes. However, some nonpharmacological strategies may have
a potential benefit, such as supervised
exercise and non-invasive vagus nerve
stimulation, which have been demonstrated to improve fatigue, cardiorespiratory fitness and exercise tolerance.
Vagus nerve stimulation was also able
to significantly reduce the secretion of
pro-inflammatory cytokines by peripheral blood mononuclear cells (PBMC)
(101, 102), suggesting a potential wider application of the technique.
In patients with systemic involvement, treatment strategies are mostly
based on expert opinion and the use
of pharmacological approach is mutuated from the evidence in other autoimmune and inflammatory diseases.
For this reason, there is great interest
in building scientific evidence in support of the use of immunomodulatory
and immunosuppressive therapies. Hydroxychloroquine (HCQ), methotrexate (MTX) and leflunomide (LEF) are
commonly used in patients with mild
systemic disease, especially with articular involvement, but there is very
little evidence on their efficacy in SS.
Interestingly, there is a rationale supporting the combination of HCQ and
LEF. In fact, the pharmacological effect of LEF is mainly directed towards
the inhibition of T cell response, while
HCQ mainly affects antigen presentaS-17
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tion and B cell response. An additive
effect of the two medications has been
demonstrated in vitro in terms of proinflammatory cytokine secretion, T and
B cell proliferation. A clinical trial has
also been carried out, though data are
not yet available (103). Albeit HCQ is
a very well tolerated medication, its
widespread use warrants careful attention on the potential adverse events. A
recent case-control study suggested a
potential association between the use
of HCQ in pSS and SLE patients and
higher prevalence of non-melanoma
skin cancer. However, these data need
to be confirmed (104).
Numerous clinical trials have been carried out and others are currently ongoing on the potential effect of target
therapy for more severe disease manifestations. Although some molecules,
such as rituximab (RTX), are commonly used, little evidence is available
and the results from the trials to date are
mostly inconclusive (105). Nonetheless, some interesting studies recently
explored the effect of the blockade of
various pathways. A small open label
study has demonstrated a significant
reduction of median ESSDAI score,
most evident in the articular and glandular domains, following treatment
with abatacept (106). Another study
demonstrated minimal beneficial effect of ianalumab, a B-cell activating
factor (BAFF) receptor blocker, on
fatigue and circulating B-cell levels
(107). Very interestingly, Combier et
al. have shown that the development of
anti-RTX antibodies in connective tissue diseases is more frequent compared
to RA and patients developing infusion
reaction due to this phenomenon can be
effectively treated with ofatumumab,
another CD20 blocker (108).
In addition, some new pathways are attracting interest as potential targets in
pSS. In NOD mice, blockade of CD40
ligand was effective in abolishing the
formation of germinal centres (GC) in
salivary glands. CD40-CD40L pathway,
in fact, has a crucial role in the co-stimulation of T and B cells and is strongly
involved in isotype switching and GC
formation (109). Germinal centres in
SS salivary gland also show a markedly
increased activity of the δ isoform of
S-18

phosphatidylinositol 3-kinase (PI3Kδ)
as demonstrated by the increased concentration of downstream peptides in
biopsy samples. Thus, Nayar et al. have
demonstrated that treatment of a murine
model of SS with the PI3Kδ-inhibitor
eletalisib, actually used for B-cell malignancies, significantly mitigates proinflammatory cytokine and chemokine
secretion, prevents the formation of
GCs and improves salivary function
(110).
New advances in the treatment
of lymphoma
Lymphoma development is the main
complication decreasing patient survival in pSS. Low grade B-cell NHL
of MALT is the largely overrepresented
histotype, followed by DLBCL, which
may also derive from MALT (15, 111).
Treatment decisions for pSS-associated
NHL must be case tailored. Treatment
of indolent MALT NHL, much more
frequent in pSS, may range widely,
from a “watch and wait” approach to
cytotoxic therapies, low dose radiotherapy or surgical excision. Chemotherapy or chemoimmunotherapy may
also be used, with a combination of
rituximab with either alkylating agents
(cyclophosphamide/chlorambucil), purine analogs (fludarabine, cladribine),
or bendamustine. Conversely, the RCHOP regimen (rituximab, cyclophosphamide, doxorubicin, vincristine and
prednisone) is often employed in aggressive NHL (112).
However, the major recent novelties
implicate biological agents for the
treatment B-cell lymphoproliferative
disorders in pSS that do not require
aggressive approaches. Although biologics are now being investigated for
the treatment of pSS as a whole, their
specific role in targeting the pSS subset with heavier B-cell proliferation
deserves attention. Biologics might be
employed in borderline cases where the
diagnosis of a definite B-cell malignancy is difficult, or in prelymphomatous
conditions in pSS, mainly cryoglobulinaemic vasculitis with type II mixed
cryoglobulinaemia, and persistent parotid swelling with heavy underlying
MALT lesions (105, 113-116). Recent
studies focused on the fundamental role

of antigen-driven and BAFF-mediated
B cell hyperactivation in the evolution
of lymphoma in pSS (70, 117, 118).
Rituximab monotherapy may be insufficient to deplete the B-cells in the
salivary gland tissue, the resistance of
B-cells to rituximab being due to the
concomitant hyperexpression of BAFF
in this microenvironment (119).
Treatment with belimumab, an antiBAFF monoclonal antibody registered
for the treatment of SLE (120), was employed in the BELISS trial in pSS with
encouraging clinical results, including
pSS with parotid swelling. Novel treatment strategies for pSS-related lymphoproliferation then imply the combination of direct B-cell-depleting and
anti-BAFF agents (116).
Very long-term remission of a patient
with pSS, parotid NHL of MALT,
and cryoglobulinaemic vasculitis was
achieved with a sequential treatment
with belimumab shortly followed by
rituximab, while rituximab alone and
belimumab alone, given previously,
were both ineffective (113). At present,
a double-blind, randomised, placebocontrolled trial (NCT02631538) is
testing belimumab/rituximab coadministration (where belimumab is started
earlier) in comparison to belimumab
monotherapy in pSS.
Another encouraging approach under
investigation is the use of ianalumab
(VAY736), an anti-BAFF receptor
monoclonal antibody (NCT02149420,
NCT 02962895), with double antiBAFF and direct B-cell depleting properties. Ianalumab eliminates BAFF-Rpositive mature and immature B cells
via antibody-dependent cytotoxicity
(ADCC) and induces B-cell apoptosis
by blocking BAFF/BAFF-R interaction (107). Epratuzumab, an anti CD22
monoclonal antibody, showed some
positive results in an older, small phase
I/II open-label study in pSS, and recent
post hoc analyses of the EMBODY trials showed improvement in disease activity in patients with SLE and associated SS, with a decrease in B-cells and
IgM levels (121).
Other Authors recently focused on
T-cell proliferation, T-cell related cytokines and B-cell/T-cell co-stimulation
pathways in systemic and local MALT
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inflammation, especially in the ectopic
germinal centres (122-124). A recent
randomised, double-blind, placebocontrolled Phase 3 Study, assessed the
efficacy and safety of abatacept, which
blocks the CD28:CD80/CD86 T cell
co-stimulation in pSS. Although IgG
and RF levels decreased, a significant
improvement in ESSDAI and salivary
or lacrimal gland function was absent
(125).
Targeting the CD40/CD40L pathway
represents another option under study
(109, 126). The safety and efficacy of
a monoclonal antibody against CD40
(iscalimab/CFZ533) in pSS patients
was assessed in a phase II clinical
trial (NCT02291029) with encouraging results. Another double-blind,
randomised, placebo-controlled trial
(NCT03905525) is ongoing. Furthermore, a randomised double-blind
placebo-controlled study exploring
the efficacy and safety of VIB4920
is ongoing in pSS (NCT04129164),
VIB4920 being a fusion protein designed to bind to CD40L.
Other investigational approaches to
target B-cell proliferation in pSS imply the small molecules inhibitors
(e.g. selective Jak1-, Syk-, BTK- and
PI3k∂-inhibitor), anti-IL7 therapy
(VIB 7734) (NCT03817424), RLSV132, the fusion IgG1 protein of a human RNase (NCT03247686) lowdose human recombinant IL-2 therapy
(NCT02464319), the anti-BAFF/antiIL17A (tibulizumab), the cathepsin S
inhibitor RO545907 (NCT02701985)
the co-stimulation blocker prezalumab
(anti-ICOS) (NCT02334306) (105,
122, 123, 127, 128).
Finally, if the involvement on TSLP
(55, 105) in pSS-related lymphoproliferation will be confirmed, evaluating
tezepelumab, i.e. a monoclonal antibody against TSLP studied in asthma
and atopic dermatitis (129), might be
useful.
All these data are preliminary and intensive research is mandatory before
these molecules can be routinely employed in the clinical practice, though a
great amount of new data is expected in
the next few years, hopefully leading to
breakthroughs in the treatment of pSS
(122).
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Take home messages
• New formulations of topical cyclosporine A and sirolimus for dry eye
treatment may prove superior in terms
of bioavailability and efficacy (88, 89).
• Metformin, interferon-a, cevimeline
and pilocarpine may be effective in improving salivary and tear secretion (91,
94, 95).
• Human umbilical cord mesenchymal
stem cells extracts are able to modulate
the inflammatory response in murine
models of SS, without being immunogenic (96, 97).
• Recent reports suggest abatacept,
ianalumab and ofatumumab may be effective for the treatment of more severe
clinical manifestations (105, 106, 107,
111).
• Treatment of pSS-associated lymphoma needs to be tailored on the individual cases. Multiple clinical trials
are currently being carried out testing
the efficacy of different agents directed
towards B-cells and T-cells (112, 116).
• Biologics might be employed in prelymphomatous conditions in pSS (e.g.
cryoglobulinaemic vasculitis and persistent parotid swelling with heavy underlying MALT lesions) (122, 128).
References

1. LUCIANO N, VALENTINI V, CALABRÒ A et
al.: One year in review 2015: Sjögren’s syndrome. Clin Exp Rheumatol 2015; 33: 25971.
2. FERRO F, VAGELLI R, BRUNI C et al.: One
year in review 2016: Sjögren’s syndrome.
Clin Exp Rheumatol 2016; 34: 161-71.
3. FERRO F, MARCUCCI E, ORLANDI M, BALDINI C, BARTOLONI-BOCCI E: One year in
review 2017: primary Sjögren’s syndrome.
Clin Exp Rheumatol 2017; 35: 179-91.
4. ARGYROPOULOU OD, VALENTINI E, FERRO
F et al.: One year in review 2018: Sjögren’s
syndrome. Clin Exp Rheumatol 2018; 36
(Suppl. 112): S14-26.
5. CAFARO G, CROIA C, ARGYROPOULOU OD
et al.: One year in review 2019: Sjögren’s
syndrome. Clin Exp Rheumatol 2019; 37
(Suppl. 118): S3-15.
6. ROSAS J, SÁNCHEZ‑PIEDRA C, FERNÁNDEZ‑CASTRO M, ANDREU JL, MARTÍNEZ‑TABOADA V, OLIVÉ A et al.: ESSDAI

activity index of the SJÖGRENSER cohort:
analysis and comparison with other European cohorts. Rheumatol Int 2019; 39: 991-9.

7. YOON HJ, CHOI W, YANG JM, JI Y, LEE SS,
YOON KC: Characteristics of dry eye in patients with pre-existing Sjögren’s syndrome
according to the revised 2016 ACR-EULAR
classification criteria. Medicine 2019; 98:
e14641.

8. BEN-ELI H, AFRAMIAN DJ, BEN-CHETRIT
E et al.: Shared medical and environmental
risk factors in Dry Eye syndrome, Sjögren’s
Syndrome, and B-Cell Non-Hodgkin Lymphoma: A case-control study. J Immunol Res
2019; 2019: 9060842.
9. KARAKUS S, BAER AN, AKPEK EK: Clinical correlations of novel autoantibodies in
patients with dry eye. J Immunol Res 2019;
2019: 7935451.
10. BERMAN N, VIVINO F, BAKER J, DUNHAM
J, PINTO A: Risk factors for caries development in primary Sjögren’s syndrome. Oral
Surg Oral Med Oral Pathol Oral Radiol
2019; 128: 117-122.
11. RUSTHEN S, KRISTOFFERSEN AK, YOUNG
A et al.: Dysbiotic salivary microbiota in
dry mouth and primary Sjögren’s syndrome
patients. PLoS One 2019; 14: e021831.
12. LIN CY, TSENG CF, LIU JM et al.: Association between periodontal disease and subsequent Sjögren’s syndrome: A nationwide
population-based cohort study. Int J Environ Res Public Health 2019; 16: 771.
13. MAARSE F, JAGER DHJ, KORFAGE A et al.:
Sjögren’s syndrome is not a risk factor for
periodontal disease: a systematic review.
Clin Exp Rheumatol 2019; 37 (Suppl. 118):
S225-33.
14. RETAMOZO S, ACAR-DENIZLI N, RASMUSSEN A et al.: Systemic manifestations of
primary Sjögren’s syndrome out of the ESSDAI classification: prevalence and clinical
relevance in a large international, multi-ethnic cohort of patients. Clin Exp Rheumatol
2019; 37 (Suppl. 118): S97-106.
15. VIVINO F, BUNYA VY, MASSARO-GIORDANO G et al.: Sjogren’s syndrome: An update
on disease pathogenesis, clinical manifestations and treatment. Clin Immunol 2019;
203: 81-121.
16. NATALINI JG, JOHR C, KREIDER M: Pulmonary involvement in Sjögren Syndrome.
Clin Chest Med 2019; 40: 531-544.
17. CHUNG A, WILGUS ML, FISHBEIN G, LYNCH
JP: Pulmonary and bronchiolar involvement
in Sjögren’s Syndrome. Semin Respir Crit
Care Med 2019; 40: 235-54.
18. KAMIYAA Y, FUJISAWAA T, KONOB M et
al.: Prognostic factors for primary Sjögren’s
syndrome-associated interstitial lung diseases. Respir Med 2019; 159: 105811.
19. GUISADO-VASCO P, SILVA M, DUARTEMILLA MA et al.: Quantitative assessment
of interstitial lung disease in Sjogren’s syndrome. PloS One 2019; 14: e0224772.
20. LEE SB, CHOI H, KIM MK: Can antineutrophil cytoplasmic antibody positivity at diagnosis predict the poor outcomes of Sjögren’s
syndrome? Rheumatology Int 2020; 7: 106370.
21. GOULES AV, GEETHA D, AREND LJ, BAER
AN: Renal involvement in primary Sjögren’s
syndrome: natural history and treatment outcome. Clin Exp Rheumatol 2019; 37 (Suppl.
118): S123-32.
22. LUO J, HUO JH, WANG JW, GUO H: High-risk
indicators of renal involvement in primary
Sjögren’s syndrome: A clinical study of 1002
cases. J Immunol Res 2019; 29: 3952392.
23. LUO J, XU S, LV Y: Clinical features and potential relevant factors of renal involvement

S-19

One year in review 2020: Sjögren’s syndrome / V. Manfrè et al.
in primary Sjögren’s syndrome. Int J Rheum
Dis 2019; 22: 182-90.

24. ALUNNO A, CARUBBI F, BARTOLONI E,
CIPRIANI P, GIACOMELLI R, GERLI R: The
kaleidoscope of neurological manifestations
in primary Sjögren’s syndrome. Clin Exp
Rheumatol 2019; 37 (Suppl. 118): S192-8.
25. QUARTUCCIO L, GANDOLFO S, ZABOTTI A
et al.: Articular and peripheral nervous system involvement are linked to the long-term
outcome in primary Sjögren’s Syndrome:
the relevance of single organ manifestations
rather than a composite score as predictors.
Front Immunol 2019; 10: 1527.
26. GAILLET A, CHAMPION K, LEFAUCHEUR
JP, TROUT H, BERGMANN JF, SÈNE D: Intravenous immunoglobulin efficacy for primary Sjögren’s syndrome associated small
fiber neuropathy. Autoimmun Rev 2019; 18:
102387.
27. BIRNBAUM J, LALJI A, SAED A, BAER AN:
Biopsy-proven small-fiber neuropathy in
primary Sjögren’s syndrome: neuropathic
pain characteristics, autoantibody findings,
and histopathological features. Arthritis
Care Res 2019; 71: 936-48.
28. PARK Y, LEE J, KOH JH et al.: Distinct clinical characteristics of anti-Ro/SSA-negative
primary Sjögren’s syndrome: data from a
nationwide cohort for Sjögren’s syndrome in
Korea. Clin Exp Rheumatol 2019; 37 (Suppl.
118): S107-13.
29. FAUCHAIS AL, OUATTARA B, GONDRAN G
et al.: Articular manifestations in primary
Sjögren’s syndrome: clinical significance
and prognosis of 188 patients. Rheumatology 2010; 49: 1164-72.
30. MIROUSE A, SEROR R, VICAUT E et al.:
Arthritis in primary Sjögren’s syndrome:
Characteristics, outcome and treatment from
French multicenter retrospective study. Autoimmun Rev 2019; 18: 9-14.
31. MOLANO-GONZÁLEZ N, OLIVARES-MAR-

TÍNEZ E, ANAYA JM, HERNÁNDEZ-MOLINA
G: Anti-citrullinated protein antibodies and

arthritis in Sjögren’s syndrome: a systematic review and meta-analysis. Scand J Rheumatol 2019; 48: 157-63.

32. ANAYA JM, RESTREPO-JIMÉNEZ P, RODRÍGUEZ P et al.: Sjögren’s Syndrome and
autoimmune thyroid disease: Two sides of
the same coin. Clin Rev All Immunol 2019;
56: 362-74.
33. BARTOLONI E, BISTONI O, ALUNNO A et
al.: Celiac disease prevalence is increased in
primary Sjögren’s syndrome and diffuse systemic sclerosis: lessons from a large multicenter study. J Clin Med 2019; 8: 540.
34. PEGO-REIGOSA JM, RESTREPO VÉLEZ J,
BALDINI C, RÚA-FIGUEROA FERNÁNDEZ
DE LARRINOA Í: Comorbidities (excluding

lymphoma) in Sjögren’s syndrome. Rheumatology 2019 Feb. 15 [Online ahead of
print].
35. YONG WC, SANGUANKEO A, UPALA S: Association between primary Sjögren’s syndrome, arterial stiffness, and subclinical atherosclerosis: a systematic review and metaanalysis. Clin Rheumatol 2019; 38: 447-55.
36. BARTOLONI E, BALDINI C, SCHILLACI G
et al.: Cardiovascular disease risk burden
in primary Sjögren’s syndrome: results of a

S-20

37.

38.

39.

40.

41.

42.

population-based multicentre cohort study.
J Intern Med 2015; 278: 185-92.
YONG WC, SANGUANKEO A, UPALA S:
Association between primary Sjögren’s syndrome, cardiovascular and cerebrovascular
disease: a systematic review and meta-analysis. Clin Exp Rheumatol 2018; 36 (Suppl.
112): S190-7.
BARTOLONI E, ALUNNO A, VALENTINI V et
al.: The prevalence and relevance of traditional cardiovascular risk factors in primary
Sjögren’s syndrome. Clin Exp Rheumatol
2018; 36 (Suppl. 112): S113-20.
BARTOLONI E, ALUNNO A, GERLI R:
Hypertension as a cardiovascular risk factor
in autoimmune rheumatic diseases. Nat Rev
Cardiol 2018; 15: 33-44.
BARTOLONI E, ALUNNO A, VALENTINI V et
al.: Role of inflammatory diseases in hypertension. High Blood Press Cardiovasc Prev
2017; 24: 353-61.
CAI X, LUO J, WEI T et al.: Risk of cardiovascular involvement in patients with primary Sjögren’s syndrome: a large-scale
cross-sectional cohort study. Acta Reumatol
Port 2019; 44: 71-7.
BARTOLONI E, ALUNNO A, CAFARO G et
al.: Subclinical atherosclerosis in primary
Sjögren’s syndrome: does inflammation
matter? Front Immunol 2019; 10: 817.

43. MOFORS J, HOLMQVIST M, WESTERMARK
L et al.: Concomitant Ro/SSA and La/SSB
antibodies are biomarkers for the risk of
venous thromboembolism and cerebral infarction in primary Sjögren’s syndrome.
J Intern Med 2019; 286: 458-68.
44. BARTOLONI E, BALDINI C, FERRO F et al.:
Application of artificial neural network
analysis in the evaluation of cardiovascular
risk in primary Sjögren’s syndrome: a novel
pathogenetic scenario? Clin Exp Rheumatol
2019; 37 (Suppl. 118): S133-9.
45. MIYAMOTO ST, VALIM V, FISHER BA:
Health-related quality of life and costs in
Sjögren’s syndrome. Rheumatology 2019;
[Online ahead of print].
46. LEWIS I, HACKETT KL, NG WF, ELLIS J,
NEWTON1 JL: A two-phase cohort study
of the sleep phenotype within primary
Sjögren’s syndrome and its clinical correlates. Clin Exp Rheumatol 2019; 37 (Suppl.
118): S78-82.
47. MILIC V, GRUJIC M, BARISIC J et al.:
Personality, depression and anxiety in primary
Sjögren’s syndrome - Association with sociodemographic factors and comorbidity.
PLoS One 2019; 14: e0210466.
48. PERTOVAARA M, KORPELA M: Fatigue correlates with signs of immunological activity
and patient reported outcomes in patients
with primary Sjögren’s syndrome. Scand J
Rheumatol 2019; 48: 418-9.
49. OMDAL R, MELLGREN S, NORHEIM KB:
Pain and fatigue in primary Sjögren’s syndrome. Rheumatology 2019 (Online ahead
of print).
50. WARNER BM, BAER AN, LIPSON EJ et al.:
Sicca syndrome associated with immune
checkpoint inhibitor therapy. Oncologist
2019; 24: 1259-69.
51. RAMOS-CASAS M, MARIA A, SUÀREZ-ALMAZOR M et al.: Sicca/Sjögren syndrome

triggered by PD-1/PD-L1 checkpoint inhibitors. Data from the International ImmunoCancer Registry (ICIR). Clin Exp Rheumatol 2019; 37 (Suppl. 118): S114-22.

52. KAPSOGEORGOU

EK, PAPAGEORGIOU
A, PROTOGEROU AD, VOULGARELIS M,
TZIOUFAS AG: Low miR200b-5p levels in

minor salivary glands: A novel molecular
marker predicting lymphoma development
in patients with Sjögren’s syndrome. Ann
Rheum Dis 2018; 77: 1201-8.

53. KAPSOGEORGOU EK, PAPAGEORGIOU A,

PROTOGEROU AD, VOULGARELIS M, TZIOUFAS AG: Response to: “Is miR200b-5p

a new predictor of lymphoma or associated
with lymphocytes infiltrate within salivary
glands?” Ann Rheum Dis 2019; 78: 10-1.
54. NOCTURNE G, SEROR R, MARIETTE X: Is
miR200b-5p a new predictor of lymphoma
or associated with lymphocytes infiltrate
within salivary glands. Ann Rheum Dis
2019; 78: 2018.
55. GANDOLFO S, BULFONI M, FABRO C et al.:
Thymic stromal lymphopoietin expression
from benign lymphoproliferation to malignant B-cell lymphoma in primary Sjögren’s
syndrome. Clin Exp Rheumatol 2019; 37
(Suppl. 118): S55-64.
56. NEZOS A, MAKRI P, GANDOLFO S et al.:
TREX1 variants in Sjögren’s syndrome related lymphomagenesis. Cytokine 2019; 17:
154781.
57. GORODETSKIY VR, PROBATOVA NA,
RADENSKA-LOPOVOK SG, RYZHIKOVA NV,
SIDOROVA YV, SUDARIKOV AB: Clonal re-

lationship of marginal zone lymphoma and
diffuse large B-cell lymphoma in Sjögren’s
syndrome patients: case series study and review of the literature. Rheumatol Int 2020;
40: 499-506.
58. XIAN Z, FU D, LIU S, YAO Y, GAO C:
Association between B cell growth factors
and primary Sjögren’s syndrome-related autoantibodies in patients with non-Hodgkin’s
lymphoma. J Immunol Res 2019; 2019:
7627384.
59. MÖRTH C, VALACHIS A, ABU SABAA A et
al.: Autoimmune disease in patients with
diffuse large B-cell lymphoma: occurrence
and impact on outcome. Acta Oncol (Madr)
2019; 58: 1170-7.
60. TESHER MS, ESTEBAN Y, HENDERSON TO,
VILLANUEVA G, ONEL KB: Mucosal-associated lymphoid tissue (MALT) lymphoma in
association with pediatric primary Sjogren
syndrome: 2 cases and review. J Pediatr Hematol Oncol 2019; 41: 413-6.
61. TALOTTA R, SARZI-PUTTINI P, ATZENI F:
Microbial agents as putative inducers of
B cell lymphoma in Sjögren’s syndrome
through an impaired epigenetic control: The
state-of-the-art. J Immunol Res 2019; 2019:
8567364.
62. NEZOS A, GRAVANI F, TASSIDOU A et
al.: Type I and II interferon signatures in
Sjögren’s syndrome pathogenesis: Contributions in distinct clinical phenotypes and
Sjögren’s related lymphomagenesis. J Autoimmun 2015; 63: 47-58.
63. CEVIK O, LI D, BALJINNYAM E et al.: Interferon regulatory factor 5 (IRF5) suppresses
hepatitis C virus (HCV) replication and

Clinical and Experimental Rheumatology 2020

One year in review 2020: Sjögren’s syndrome / V. Manfrè et al.
HCV-associated hepatocellular carcinoma.
J Biol Chem 2017; 292: 21676-89.

64. WANG Q, LINGEL A, GEISER V, KWAPNOSKI
Z, ZHANG L: Tumor suppressor p53 stimulates the expression of Epstein-Barr virus
latent membrane protein 1. J Virol 2017; 91:
e00312-17.
65. ATTIG J, YOUNG GR, STOYE JP, KASSIOTIS
G: Physiological and pathological transcriptional activation of endogenous retroelements assessed by RNA-sequencing of B
lymphocytes. Front Microbiol 2017; 8:
2489.
66. NAKAMURA S, PONZONI M: Marginal zone
B-cell lymphoma: lessons from Western and
Eastern diagnostic approaches. Pathology
2020; 52: 15-29.
67. PEZOULAS VC, EXARCHOS TP, TZIOUFAS
AG, DE VITA S, FOTIADIS DI: Predicting
lymphoma outcomes and risk factors in
patients with primary Sjögren’s Syndrome
using gradient boosting tree ensembles.
Proc Annu Int Conf IEEE Eng Med Biol Soc
EMBS 2019; 2019: 2165-8.
68. PAPAGEORGIOU A, VOULGARELIS M, TZIOUFAS AG: Clinical picture, outcome and
predictive factors of lymphoma in Sjögren
syndrome. Autoimmun Rev 2015; 14: 641-9.
69. KAPSOGEORGOU EK, VOULGARELIS M,
TZIOUFAS AG: Predictive markers of lymphomagenesis in Sjögren’s syndrome: From
clinical data to molecular stratification.
J Autoimmun 2019; 104: 102316.
70. NOCTURNE G, PONTARINI E, BOMBARDIERI M, MARIETTE X: Lymphomas complicating primary Sjögren’s syndrome: from
autoimmunity to lymphoma. Rheumatology
2019 Mar 5 [Online ahead of print].
71. DELLI K, VILLA A, FARAH CS et al.: World
Workshop on Oral Medicine VII: Biomarkers
predicting lymphoma in the salivary glands of
patients with Sjögren’s syndrome-A systematic review. Oral Dis 2019; 25: 49-63.
72. GOULES AV, TZIOUFAS AG: Lymphomagenesis in Sjögren’s syndrome: Predictive biomarkers towards precision medicine. Autoimmun Rev 2019; 18: 137-43.
73. RETAMOZO S, BRITO-ZERÓN P, RAMOSCASALS M: Prognostic markers of lymphoma development in primary Sjögren
syndrome. Lupus 2019; 28: 923-36.
74. KERAEN J, BLANC E, BESSON FL et al.: Usefulness of 18F-labeled fluorodeoxyglucosepositron emission tomography for the diagnosis of lymphoma in primary Sjögren’s
syndrome. Arthritis Rheumatol 2019; 71:
1147-57.
75. BAER AN, GRADER-BECK T, ANTIOCHOS
B, BIRNBAUM J, FRADIN JM: Ultrasoundguided biopsy of suspected salivary gland
lymphoma in Sjögren’s syndrome. Arthritis Care Res 2020 Apr 5 [Online ahead of
print].
76. ZABOTTI A, ZANDONELLA-CALLEGHER S,
LORENZON M et al.: Rheumatology 2020 in
press; doi:10.1093/rheumatology/keaa441.
77. BALDINI C, FERRO F, IZZETTI R et al.:
10.1136/annrheumdis-2020-eular.4697
78. HÜGLE M, OMOUMI P, VAN LAAR JM, BOEDECKER J, HÜGLE T: Applied machine
learning and artificial intelligence in rheumatology. Rheumatol Adv Pract 2020; 4:

Clinical and Experimental Rheumatology 2020

rkaa005.
79. VUKICEVIC A, MILIC V, ZABOTTI A et al.:
Radiomics-based assessment of primary
Sjögren’s syndrome from salivary gland
ultrasonography images. IEEE J Biomed
Health Inform 2020; 24: 835-43.
80. KISE Y, SHIMIZU M, IKEDA H et al.: Usefulness of a deep learning system for diagnosing Sjögren’s syndrome using ultrasonography images. Dentomaxillofac Radiol 2020;
49: 20190348.
81. DEVAUCHELLE-PENSEC V, ZABOTTI A,
CARVAJAL-ALEGRIA G et al.: Salivary
gland ultrasonography in primary Sjögren’s
syndrome: opportunities and challenges.
Rheumatology 2019 Mar 19 [Online ahead
of print].
82. BALDINI C, ZABOTTI A, FILIPOVIC N et al.:
Imaging in primary Sjögren’s syndrome: the
“obsolete and the new”. Clin Exp Rheumatol 2018; 36 (Suppl. 112): S215-21.
83. ZABOTTI A, CALLEGHER SZ, GANDOLFO
S et al.: Hyperechoic bands detected by
salivary gland ultrasonography are related to
salivary impairment in established Sjögren’s
syndrome. Clin Exp Rheumatol 2019; 37
(Suppl. 118): S146-52.
84. DE VITA S, ZABOTTI A, GANDOLFO S:
Current limitations and ongoing initiatives
to evaluate the activity, damage and outcome
of primary Sjögren’s syndrome. Clin Exp
Rheumatol 2019; 37 (Suppl. 118): S24-6.
85. DE VITA S, GANDOLFO S: Predicting
lymphoma development in patients with
Sjögren’s syndrome. Expert Rev Clin Immunol 2019; 15: 929-38.
86. DE VITA S, GANDOLFO S, ZANDONELLA
CALLEGHER S, ZABOTTI A, QUARTUCCIO L: The evaluation of disease activity

in Sjögren’s syndrome based on the degree
of MALT involvement: Glandular swelling
and cryoglobulinaemia compared to ESSDAI in a cohort study. Clin Exp Rheumatol
2018; 36 (Suppl. 112): S150-6.

87. LEE HJ, SHIN S, YOON SG, CHEON EJ,
CHUNG SH: The effect of chloroquine on
the development of dry eye in Sjögren syndrome animal model. Investig Ophthalmol
Vis Sci 2019; 60: 3708-16.
88. LEONARDI A, MESSMER EM, LABETOULLE
M et al.: Efficacy and safety of 0.1% ciclosporin A cationic emulsion in dry eye
disease: A pooled analysis of two doublemasked, randomised, vehicle-controlled
phase III clinical studies. Br J Ophthalmol
2019; 103: 125-31.
89. KANG MJ, KIM YH, CHOU M et al.: Evaluation of the efficacy and safety of a novel
0.05% cyclosporin a topical nanoemulsion
in primary Sjögren’s syndrome dry eye.
Ocul Immunol Inflamm 2020; 28: 370-8.
90. WANG S, WANG M, LIU Y et al.: Effect of rapamycin microspheres in Sjögren syndrome
dry eye: preparation and outcomes. Ocul
Immunol Inflamm 2019; 27: 1357-64.
91. KIM JW, KIM SM, PARK JS et al.: Metformin
improves salivary gland inflammation and
hypofunction in murine Sjögren’s syndrome. Arthritis Res Ther 2019; 21: 136.
92. JIN-SIL P, SUN-HEE H, SEUNGCHEON Y et
al.: Immune modulation by rebamipide in a
mouse model of Sjögren’s syndrome via T

and B cell regulation. Immunol Lett 2019;
214: 1-7.
93. AFRAMIAN DJ, BAATON S, MAZOR S et al.:
Improvement of dry mouth following intraductal irrigation of salivary glands. Oral Dis
2019; 25: 1735-43.
94. GARLAPATI K, KAMMARI A, BADAM RK,
BORINGI M, SONI P: Meta-analysis on pharmacological therapies in the management of
xerostomia in patients with Sjögren’s syndrome. Immunopharmacol Immunotoxicol
2019; 41: 312-8.
95. AL HAMAD A, LODI G, PORTER S, FEDELE S, MERCADANTE V: Interventions for
dry mouth and hyposalivation in Sjögren’s
syndrome: A systematic review and metaanalysis. Oral Dis 2019; 25: 1027-47.
96. LU X, LI N, ZHAO L et al.: Human umbilical cord mesenchymal stem cells alleviate
ongoing autoimmune dacryoadenitis in
rabbits via polarizing macrophages into an
anti-inflammatory phenotype. Exp Eye Res
2020; 191: 107905.
97. ABUGHANAM G, ELKASHTY OA, LIU Y,
BAKKAR MO, TRAN SD: Mesenchymal
Stem Cells Extract (MSCsE)-based therapy
alleviates xerostomia and keratoconjunctivitis sicca in Sjögren’s syndrome-like disease. Int J Mol Sci 2019; 20: 4750.
98. KUDO H, TSUBOI H, ASASHIMA H et al.:
Transgenic rice seeds expressing altered
peptide ligands against the M3 muscarinic
acetylcholine receptor suppress experimental sialadenitis-like Sjögren’s syndrome.
Mod Rheumatol 2020; 30: 884-93.
99. HSU CY, HUNG KC, LIN MS et al.: The effect
of pilocarpine on dental caries in patients
with primary Sjögren’s syndrome: A database prospective cohort study. Arthritis Res
Ther 2019; 21: 251.
100. SHAFER B, FUERST NM, MASSAROGIORDANO M et al.: The use of self-retained,
cryopreserved amniotic membrane for the
treatment of Sjögren syndrome: a case series.
Digit J Ophthalmol 2019; 25: 21-25.
101. MIYAMOTO ST, VALIM V, CARLETTI L et
al.: Supervised walking improves cardiorespiratory fitness, exercise tolerance, and
fatigue in women with primary Sjögren’s
syndrome: a randomized-controlled trial.
Rheumatol Int 2019; 39: 227-38.
102. TARN J, LEGG S, MITCHELL S, SIMON B, NG
WF: The effects of non-invasive vagus nerve
stimulation on fatigue and immune responses
in patients with primary Sjögren’s syndrome.
Neuromodulation 2019; 22: 580-5.
103. VAN DER HEIJDEN EH, HARTGRING SA,
KRUIZE AA, RADSTAKE TR, VAN ROON
JA: Additive immunosuppressive effect of

leflunomide and hydroxychloroquine supports rationale for combination therapy for
Sjögren’s syndrome. Expert Rev Clin Immunol 2019; 15: 801-8.
104. TSENG HW, HUANG WC, LU LY: The influence of immunosuppressants on the nonmelanoma skin cancer among patients with
systemic lupus erythematosus and primary
Sjögren’s syndrome: a nationwide retrospective case-control study in Taiwan. Clin
Exp Rheumatol 2019; 37: 946-52.
105. GANDOLFO S, DE VITA S: Emerging drugs
for primary Sjögren’s syndrome. Expert

S-21

One year in review 2020: Sjögren’s syndrome / V. Manfrè et al.
Opin Emerg Drugs 2019; 24: 121-32.
106. MACHADO AC, DOS SANTOS LC, FIDELIX T
et al.: Effectiveness and safety of abatacept
for the treatment of patients with primary
Sjögren’s syndrome. Clin Rheumatol 2020;
39: 243-8.
107. DÖRNER T, POSCH MG, LI Y et al.: Treatment of primary Sjögren’s syndrome with
ianalumab (vay736) targeting b cells by baff
receptor blockade coupled with enhanced,
antibody-dependent cellular cytotoxicity.
Ann Rheum Dis 2019; 78: 641-7.
108. COMBIER A, NOCTURNE G, HENRY J et al.:
Immunization to rituximab is more frequent in
systemic autoimmune diseases than in rheumatoid arthritis: ofatumumab as alternative
therapy. Rheumatology 2020; 59: 1347-54.
109. WIECZOREK G, BIGAUD M, PFISTER S et al.:
Blockade of CD40-CD154 pathway interactions suppresses ectopic lymphoid structures
and inhibits pathology in the NOD/ShiLtJ
mouse model of Sjögren’s syndrome. Ann
Rheum Dis 2019; 78: 974-8.
110. NAYAR S, CAMPOS J, SMITH CG et al.: Phosphatidylinositol 3-kinase delta pathway: a
novel therapeutic target for Sjögren’s syndrome. Ann Rheum Dis 2019; 78: 249-60.
111. RAMOS-CASALS M, BRITO-ZERÓN P, BOMBARDIERI S et al.: EULAR recommendations for the management of Sjögren’s syndrome with topical and systemic therapies.
Ann Rheum Dis 2020; 79: 3-18.
112. DEMARIA L, HENRY J, SEROR R et al.:
Rituximab-Bendamustine (R-Benda) in
MALT lymphoma complicating primary
Sjögren syndrome (pSS). Br J Haematol
2019; 184: 472-5.
113. DE VITA S, QUARTUCCIO L, SALVIN S et
al.: Sequential therapy with belimumab followed by rituximab in Sjögren’s syndrome

S-22

associated with B-cell lymphoproliferation
and overexpression of BAFF: Evidence for
long-term efficacy. Clin Exp Rheumatol
2014; 32: 490-4.

114. DE VITA S, DE MARCHI G, SACCO S, GREMESE E, FABRIS M, FERRACCIOLI G: Preliminary classification of nonmalignant B
cell proliferation in Sjögren’s syndrome:
Perspectives on pathobiology and treatment
based on an integrated clinico-pathologic and
molecular study approach. Blood Cells Mol
Dis 2001; 27: 757-66.
115. QUARTUCCIO L, ISOLA M, BALDINI C et al.:
Biomarkers of lymphoma in Sjögren’s syndrome and evaluation of the lymphoma risk
in prelymphomatous conditions: Results of
a multicenter study. J Autoimmun 2014; 51:
75-80.
116. GANDOLFO S, DE VITA S: Double anti-B cell
and anti-BAFF targeting for the treatment of
primary Sjögren’s syndrome. Clin Exp Rheumatol 2019; 37 (Suppl. 118): S199-208.
117. MIELLE J, TISON A, CORNEC D, LE POTTIER
L, DAIEN C, PERS J-O: B cells in Sjögren’s
syndrome: from pathophysiology to therapeutic target. Rheumatology 2019 Feb 15
[Online ahead of print].
118. GRIGORIADOU S, CHOWDHURY F, PONTAR-

INI E, TAPPUNI A, BOWMAN SJ, BOMBARDIERI M: B-cell depletion with rituximab in

the treatment of pSS: what have we learnt?
Clin Exp Rheumatol 2019; 37 (Suppl. 118):
S217-24.
119. GONG Q, OU Q, YE S et al.: Importance of
cellular microenvironment and circulatory
dynamics in B cell immunotherapy. J Immunol 2005; 174: 817-26.
120. MOSCA M, VAN VOLLENHOVEN R: New
drugs in systemic lupus erythematosus:
When to start and when to stop. Clin Exp

Rheumatol 2013; 31 (Suppl. 78): S82-5.
121. BOOTSMA H, GOTTENBERG J, THOMAS D et
al.: Efficacy of epratuzumab, an anti-CD22
monoclonal IgG antibody, in systemic lupus erythematosus patients with associated
sjögren’s syndrome: post hoc analyses from
the EMBODY trials. Arthritis Rheumatol
2018; 70: 763-73.
122. FASANO S, ISENBERG DA: Present and
novel biologic drugs in primary Sjögren’s
syndrome. Clin Exp Rheumatol 2019; 37
(Suppl. 118): S167-74.
123. MAVRAGANI CP, MOUTSOPOULOS HM:
Sjögren’s syndrome: Old and new therapeutic targets. J Autoimmun 2020; 110: 102364.
124. VERSTAPPEN GM, KROESE FGM, BOOTSMA
H: T cells in primary Sjögren’s syndrome:
targets for early intervention. Rheumatology
2019 Feb 15 [Online ahead of print].
125. VAN NIMWEGEN JF, MOSSEL E, VAN ZUIDEN
GS et al.: Abatacept treatment for early active primary Sjögren’s syndrome: a singlecentre, randomised, double-blind, placebocontrolled, phase III trial (ASAP-III study).
Lancet Rheumatol 2020; 3: e153-e163.
126. KARNELL JL, RIEDER SA, ETTINGER R,
KOLBECK R: Targeting the CD40-CD40L
pathway in autoimmune diseases: Humoral
immunity and beyond. Adv Drug Deliv Rev
2019; 141: 92-103.
127. SKARLIS C, MARKETOS N, MAVRAGANI
CP: Biologics in Sjögren’s syndrome. Pharmacol Res 2019; 147: 104389.
128. FOX RI, FOX CM, GOTTENBERG JE, DÖRNER
T: Treatment of Sjögren’s syndrome: current
therapy and future directions. Rheumatology
2019 Apr 26 [Online ahead of print].
129. CORREN J, PARNES JR, WANG L et al.:
Tezepelumab in adults with uncontrolled
asthma. N Engl J Med 2017; 377: 936-46.

Clinical and Experimental Rheumatology 2020

