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ABSTRACT
Primary Sjögren’s syndrome (pSS) is 
a systemic autoimmune disorder char-
acterised by the T-cell-mediated hy-
peractivation of B-cells and cytokine 
production. The condition may evolve 
from an asymptomatic, indolent course, 
with glandular involvement, to extra-
glandular systemic manifestations up to 
lymphoma development. On tissue level, 
the typical feature is the lymphocytic 
infiltration of the salivary gland by B-, 
T- and antigen presenting cells, as mir-
rored by the diagnostic cornerstone role 
of minor salivary gland (MSG) biopsy.
Recently, increasing research focused 
on the investigation of mechanisms un-
derlying the complex pathogenesis of 
the disease and highlighted the multi-
factorial nature of SS consisting of con-
comitant involvement of environmental, 
genetic, neuroendocrine and immune 
factors. In particular, many aspects have 
been investigated regarding genetic and 
epigenetics, the role of specific B- and 
T-cell phenotypes and the investigation 
of disease-specific biomarkers as pre-
dictors of disease development, activity, 
and lymphomagenesis. Surely, a deeper 
understanding of these multiple mecha-
nisms may facilitate earlier diagnosis, 
enable subphenotyping of patients and 
open novel therapeutic possibilities to 
address the unmet needs of the disease 
in the upcoming years. 
In this review, following the others of 
this series, we will summarise the most 
recent literature on pSS pathogenesis 
and clinical features focusing in par-
ticular on new insights into pSS molec-
ular stratification and therapeutic ad-
vances in the era of precision medicine.

Introduction
Primary Sjögren’s syndrome (SS) still 
represents a complex autoimmune dis-
ease with multiple concomitant genetic, 
epigenetic, environmental, inflamma-

tory and immune factors contributing 
to its pathogenesis. This great het-
erogeneity in disease pathobiology 
surely reflects in the high variability 
of clinical manifestations and disease-
specific phenotypes, thus representing 
a significant barrier to identify reliable 
biomarkers able to stratify patients ac-
cording to different prognosis and to 
develop targeted therapies. Recently, 
proteomic stratification methods are 
increasingly applied to address the 
extreme pathophysiological and clini-
cal heterogeneity of SS with interest-
ing and promising results. Moreover, 
the expanding knowledge of disease 
pathogenetic mechanisms and the recent 
identification of specific and well dis-
tinct disease clusters led to the develop-
ment of several clinical trials addressing 
specific pathogenetic pathways of the 
disease, with conflicting results.
Following previous series, in this re-
view we will provide un update of the 
most recent literature on SS pathogen-
esis and clinical features, focusing in 
particular on new insights into SS ge-
netics and epigenetic, innate and adap-
tive immune system abnormalities, as 
well as disease-related glandular and 
extra-glandular manifestations. Final-
ly, in the era of precision medicine, we 
will focus on recent development and 
published trials on SS therapy trying to 
analyse potential pitfalls and remaining 
inquiries which may explain failures of 
some systemic therapies.

New insights into pathogenesis
Genetics and epigenetics
The identification and definition of ge-
netic risk of SS represents an essential 
tool to characterise molecular mecha-
nisms underlying disease pathogenesis 
and to promote the development of new 
therapeutic approaches to improve ear-
ly diagnosis and treatment. In the last 
year, a relevant contribution to SS ge-
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netic come from the study of Khatri et 
al., who performed the largest genome-
wide association study (GWAS) of SS 
patients of European ancestry, consist-
ing of 3,232 cases and 17,481 controls. 
Through their investigation, they pin-
pointed 10 previously unknown genet-
ic risk loci, effectively increasing the 
total number from 12 to 22 and eluci-
dating a substantial portion of disease 
heritability. Fine-mapping and deep 
bio-informatic analyses revealed novel 
functional implications, collectively 
impacting the expression of more than 
40 additional genes, which are instru-
mental in the pathogenesis of the dis-
ease (1). Moving to epigenetic, a previ-
ously uncharacterised long non-coding 
RNA (lncRNA) called LINC01871 has 
been demonstrated to be overexpressed 
in SS patients, regulated by both IFNγ 
and calcineurin/NFAT signalling path-
ways, and acted as a key regulator of 
T cell-driven pathogenesis (2). An 
important piece of the striking female 
predominance puzzle in SS was set by 
Shaw et al., who profiled minor sali-
vary gland (SG)-derived mesenchymal 
stromal cells (MSCs) from female SS 
patients and controls. The authors dem-
onstrated an X-linked gene skewing to-
wards one of the two X-chromosomes 
and a deregulation of the HLA-ex-
pressed microRNA miR6891-5p. This 
miRNA induced histone modifications 
and allelic skewing, providing valuable 
insights into the mechanisms underly-
ing the gender disparity in SS (3). 

Innate and adaptive immunity
Together with genetic and epigenetic 
mechanisms, dysregulation of innate 
and adaptive immunity contributes in 
disease pathogenesis. The transcrip-
tomic, phenotypic and functional pro-
file of type 2 conventional dendritic 
cells was investigated for the first time 
in SS patients. Significant alterations 
in gene signature, antigen presentation 
(including self-antigens) and CD4+ T 
cell migratory landscape were found 
and validated, unravelling their crucial 
role, and potentially serving as a novel 
therapeutic target (4). Similarly, plas-
macytoid dendritic cells (pDCs) and 
monocytes from SS patients were also 
observed to exhibit a hyperresponsive-

ness to STING DNA-sensing pathway 
stimulation, irrespective of interferon 
(IFN)-I activation (5). In a recent inter-
esting study by the Necessity consor-
tium, transcriptomic, proteomic, cel-
lular and genetic data were integrated 
with clinical phenotypes of 351 SS pa-
tients in order to characterise the mo-
lecular and clinical variabilities of the 
disease. Transcriptomic analysis and 
ultrasensitive digital single molecular 
arrays of the prospective cohort dem-
onstrated a strong IFN transcriptomic 
signature, mainly driven by circulating 
IFNα and not by IFNγ protein levels 
(6). Interestingly, IFNα protein levels, 
detectable in 75% of patients, were sig-
nificantly associated with clinical and 
immunologic features of disease activ-
ity at enrolment and with increased fre-
quency of systemic complications over 
the 5-year follow-up. Genetic analysis 
revealed a significant association be-
tween IFNα protein levels, a major his-
tocompatibility class II haplotype and 
anti-SSA antibody, thus suggesting that 
IFNα more than IFNγ may act as the 
primary driver of SS pathogenesis (6).
Moreover, in the previous year, the au-
toreactive B cell repertoire underwent 
deeper investigation (7, 8). Utilising an 
integrative multiomic approach in as-
sessment of circulating and tissue resi-
dent B cells of SS patients, Broeren et 
al. demonstrated the presence of a tis-
sue restricted clonal expansion of rheu-
matoid factor (RF) and anti-nuclear an-
tibody (ANA) clones residing amidst 
a background of polyclonal repertoire 
(7). Rheumatoid factor clones dis-
played an affinity maturation directed 
towards IgM and depended more on B 
cell receptor (BCR) integrity, in com-
parison to ANA repertoires, typified by 
an immunoglobulin (Ig) G1-directed 
affinity maturation. Somatic hyper-
mutation and high intra-clonal diversi-
fication progressed only in RF clones 
in patients with associated lymphoma 
and only after immune repopulation 
following rituximab, implying their 
central pathogenetic role. B cell recep-
tor signalling was recently shown to 
be additionally regulated by the global 
glycosylation profile of B cells, with 
SS patients exhibiting hypo sialylation, 
even though Neys et al. did not observe 

an increased BCR signalling in SS pa-
tients compared to sicca controls and 
healthy subjects (9). However, the au-
thors demonstrated a significant down-
regulation of BAFF-receptor expres-
sion in SS patients in comparison to 
non-SS sicca subjects, suggesting that 
reduced BAFF-receptor expression is a 
possible sign of early B cell involve-
ment in SS (9, 10).   
Regarding the role of T cells in the 
immunopathogenesis of the disease, 
several studies warrant attention.  A 
quantitative analysis of labial SG 
gland tissues of untreated SS patients 
revealed that the predominant type of 
resident T cells is represented by acti-
vated CD8+ cytotoxic T cells (CD8+ 
CTLs). Spatial analysis showed an ac-
cumulation of FasL expressing CD8+ 
CTLs around apoptotic Fas-expressing 
epithelial cells, exposing their poten-
tial damaging effect on neighborhood 
cells (11). Furthermore, an abundance 
of T follicular helper cells (Tfh) was 
found to infiltrate the affected tissues. 
The well-known role of Tfh cells in 
SS involves T cell-dependent B-cell 
responses and germinal centre forma-
tion, and their correlation with disease 
activity is well-established. Intrigu-
ingly, Liu et al. showed that thymo-
cyte selection-associated high mobility 
group box protein (TOX) promotes Tfh 
differentiation in SS. Simultaneously, 
He et al. implicated the epigenetic reg-
ulator EZH2, operating through STAT3 
phosphorylation in CD4+ T cells, as an 
alternative contributing factor (12, 13).  

The role of epithelium
SS is recognised as an autoimmune epi-
thelitis, reflecting the cardinal role of 
the epithelium as an orchestrator of the 
autoimmune response. This scientific 
model was further recently explored 
with the identification of the LAMP3/
HSP70/BMP6 axis, establishing a cru-
cial link between SS gland dysfunction 
and inflammation. In particular, Mo et 
al. showed that lysosome-associated 
membrane protein 3 (LAMP3) is mark-
edly overexpressed in epithelial cells 
causing the release of HSP70 through 
a caspase-dependent lysosomal exocy-
tosis process. The released HSP70 acts 
as an endogenous natural Toll-like re-
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ceptor (TLR)-4 ligand in mononuclear 
cells, thereby triggering their activa-
tion and subsequent release of BMP6. 
Notably, BMP6 is a protein associated 
with secretory hypofunction, thus set-
ting in motion a vicious cycle between 
the epithelium and the infiltrating in-
flammatory cells (14). Moreover, Co-
lafrancesco et al. demonstrated that SG 
epithelial cells from SS patients escape 
cellular turnover exhibiting increased 
autophagy, increased expression of an-
tiapoptotic molecules and reduced ap-
optosis compared to patients with non-
SS sicca syndrome, suggesting that au-
tophagy may strongly contribute to the 
pathogenesis of the disease and may be 
considered a potential new therapeutic 
target (15).

The role of gut microbiota
Worthy of note is the work conducted 
by Wang et al. focusing around the 
role of the human microbiome in the 
etiopathogenesis of the disease, thus 
contributing to the growing body of 
literature that highlights a potential 
link between an imbalance in the gut 
microbiota and the faecal metabolome 
and the pathogenesis of SS (16, 17). 
The authors depicted an oral and, to a 
lesser extent, gut and vaginal dysbio-
sis after examining samples of 133 SS 
patients by 16S ribosomal RNA gene 
sequencing. Interestingly, these micro-
bial alterations were found to precede 
the development of the disease (18).

Take home messages
•	 The largest genome-wide associa-

tion study of European SS patients’ 
ancestry identified 10 previously un-
known genetic risk loci which may 
be associated to higher risk of dis-
ease susceptibility (1).

•	 A novel long non-coding RNA 
(lncRNA), called LINC01871, has 
been demonstrated to be overex-
pressed in SS patients and to act as a 
key regulator of T cell-driven patho-
genesis (2).

•	 Transcriptomic analysis of a prospec-
tive SS cohort enrolled in the Neces-
sity consortium demonstrated that 
IFNα may be the main driver of dis-
ease and associated with disease ac-
tivity and increased frequency of sys-

temic complications at follow-up (6).
•	 Multiomic approaches and quantita-

tive analysis of salivary gland tissues 
allowed a deeper characterisation of 
B and T cell phenotypes in the patho-
genesis of the disease (7-13).

•	 The LAMP3/HSP70/BMP6 axis and 
autophagy have been identified as a 
novel mechanism exerting a role in 
SS glandular epithelial cells apop-
tosis, dysfunction and inflammation 
(14, 15).

Glandular involvement
Glandular involvement represents a 
hallmark of SS with dry mouth and dry 
eyes being the leading symptoms. Be-
sides labial, major salivary and lachry-
mal glands, recently it has been hypoth-
esised that also SGs located between 
the throat and the nasal cavity (i.e. tu-
barial glands) might be compromised 
leading to dry rhinopharynx (19). At 
present, minor SG biopsy (MSGB) still 
plays a key role in the diagnostic work-
up of suspected SS allowing to detect 
and quantify the severity of the inflam-
matory infiltrate within the glands. Re-
cently, major SGB has been proposed 
as a valuable alternative for both SS 
diagnosis and prognosis stratification. 
The combined prevalence of postop-
erative complications after major and 
MSGB has been recently evaluated in 
a systematic review and meta-analysis 
that included 3208 patients. The au-
thors reported that, although prevalence 
of post-surgical complications (11%) 
and of neurological complications (3%) 
were higher than previously reported, 
permanent complaints were uncommon 
(20).
Indeed, the clinical diagnostic utility of 
repeated MSGB in patients with suspi-
cion of SS has been questioned. Recent 
literature showed that since a second 
MSGB changed the initial diagnosis 
in only a minority of patients, it should 
be considered only when clinical mani-
festations deeply change in the course 
of the disease. Specifically, according 
to Parreau et al., the biopsy should be 
repeated during follow-up when non-
Hodgkin B-cell lymphoma (NHL) is 
suspected (21). Indeed, in this study, 
MSGB enabled NHL diagnosis in half 
of patients with suspected lymphoma.

Salivary gland histopathology is also 
crucial in the phenotypic and prognos-
tic stratification of the disease. The as-
sociation between histopathology and 
biological abnormalities in SS has been 
widely underlined. In this setting, scle-
roderma-specific autoantibodies can 
be frequently detected in patients with 
sicca complaints and at high titers were 
independently associated with MSGB 
positivity (22). Moreover, important 
contributions have been published on 
B cell recirculation among ectopic 
germinal cell structures in the glands 
and on migration of B cells into the 
epithelium leading to lymphoepithelial 
lesions (LEL) formation. These studies 
allowed to shed new lights on attenua-
tion of the severity of the glandular in-
filtrate as an important treatment goal 
to prevent glandular damage and B cell 
lymphoproliferative complications in 
SS (23, 24). In particular, lineage tree 
analysis revealed significant clonal ex-
pansion within the MSG with the iden-
tification of shared dominant B cell 
clones suggestive of extensive recircu-
lation across different SGs. Interesting-
ly, several shared clonotypes with high 
proliferating capacity displayed IgH-
VH gene usage common in autoreac-
tive B cells, including VH1-69, which 
is typical of RF+ B cells representing 
potential lymphoma precursors (23).
In terms of phenotypic stratification, 
risk for damage accrual and prognosis, 
another important contribution in SS 
has been provided by patients report-
ed outcome (PROM)s collection and 
symptom-based cluster analysis, an 
innovative approach that has recently 
been proposed to provide a better sub-
classification of patients. McCoy et al., 
by analysis of the Sjögren’s Interna-
tional Collaborative Clinical Alliance 
(SICCA) Registry and the Sjögren’s 
Foundation survey, performed a hi-
erarchical clustering of symptoms by 
levels of dryness, fatigue and pain. The 
authors identified four clusters among 
1.454 SICCA registrants and 2.920 
Sjögren’s Foundation survey partici-
pants: 1) low symptom burden in all 
categories (LSB); 2) dry with low pain 
and low fatigue (DLP); 3) dry with 
high pain and low to moderate fatigue 
(DHP); and 4) high symptom burden in 
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all categories (HSB). A disagreement 
between objective measures and treat-
ments was demonstrated and patients 
in the HSB, despite a limited systemic 
activity, received immunomodulatory 
treatment most frequently (25). In con-
clusion, glandular involvement in SS 
represents a key aspect of the disease 
and new insights into its characteri-
sation may provide a significant im-
provement in patient phenotyping and 
targeted therapy.

Take home message
•	 Lineage tree analysis revealed sever-

al shared B cell clonotypes with high 
proliferating capacity and displaying 
IgH-VH gene within salivary gland 
tissue suggestive of extensive recir-
culation of B cell clones (22).

•	 A hierarchical clustering of symp-
toms by levels of dryness, fatigue and 
pain of a wide cohort of SS patients 
allowed the identification of four 
distinct clusters which may be em-
ployed in better patient phenotyping 
and in target treatment choice (24).

Imaging
Traditionally, the workup of SS has 
been based on the major SG ultra-
sonography (SGUS), mainly using B-
mode. Recently, a growing interest has 
arisen in imaging, leading to the US 
assessment of other exocrine glands, 
including lacrimal (LGUS) and labial 
SGs (LSGUS), and in employing dif-
ferent US techniques, as colour-Dop-
pler (CD) and shear wave elastography 
(SWE). The widespread use of US 
made it necessary to develop scoring 
systems that could be appropriate to 
each contest and reproducible in re-
search and clinical settings.
As regard greyscale, MSG heteroge-
neity has been assessed by Outcome 
Measures in Rheumatology (OMER-
ACT) in a semiquantitative scoring 
system (range 0–3). SGUS OMERACT 
score proved to be a specific diagnostic 
tool (90% CI 0.744, 0.965) with good 
reproducibility (κ=0.73 CI 0.64, 0.81) 
(26). Moreover, the OMERACT score 
has also been tested in LSGs showing 
good inter-observer reliability (ICC 
values > 0.9 for scores 0 and 1, ICCs of 
0.873 for score 2, and 0.785 for score 

3) (27). Recently, a study focusing on 
US characteristic of LGs in SS dem-
onstrated that a semiquantitative score 
was useful in distinguishing SS pa-
tients from those with idiopathic sicca 
syndrome. The combination of intra-
glandular branch of lacrimal artery and 
inhomogeneity on both sides was most 
suitable for classifying SS (area under 
curve = 0.724, CI 0.620–0.828) (28). In 
this setting, LGUS may be considered 
a feasible, easy to perform, low cost, 
non-invasive and with a good inter 
and intra-rater reliability technique to 
be employed in SS patients, although 
significant challenges still limit its ap-
plication (29).
Colour-Doppler may identify abnor-
mal neo angiogenesis and OMERACT 
semi-quantitative scoring system re-
vealed excellent intra- reader reliabil-
ity (0.90 CI 0.87–0.93) and good in-
ter-reader reliability (0.80 0.74–0.84), 
suggesting future employment due 
to the reproducibility. On the other 
hand, SWE is a poorly explored, non-
invasive technique that quantifies the 
stiffness of tissues. Major SG SWE 
displayed a moderate inter-reliability 
(ICC=0.64), a moderate to good in-
tra-rater reliability (ICC=0.73–0.83) 
and from good to excellent diagnostic 
performance (AUC=0.80–0.937) (30). 
Moreover, LSG SWE has been demon-
strated to associate with disease activ-
ity, assessed by ESSDAI, IgG levels 
and hypocomplementaemia (31).
The grey scale SGs method has been 
also analysed, in particular its associa-
tions with histological features, sero-
logical characteristics and endotypes. 
Both in parotid and in LSGs, the in-
homogeneity correlated with the focus 
score of the respective gland. Interest-
ingly, comparable values were found 
in the different glands, respectively 
r=0.574 and r=0.532 (32).  Importantly, 
US features suspicious for lymphopro-
liferation were typified in major and 
LSG, the most important being very 
hypoechoic areas and high-intensity 
Doppler (33). The relationship between 
US and autoantibodies was deeply ex-
plored using the different serological 
positivity: single Ro-60/SSA, single 
Ro-52/SSA, Ro-52/SSA Ro60/SSA 
double reactivity and Ro-52/SSA, Ro-

60/SSA and La-SSB triple reactivity. 
Indeed, SGUS showed increasing val-
ues in the different serological groups 
(34). Furthermore, a higher SGUS was 
associated with a specific phenotype 
characterised by dryness dominant 
with fatigue (34).
Finally, US has proved as useful 
technique in SG biopsies. In MSGs, 
US-guided core needle biopsy is safe 
and non-inferior to incisional biopsy 
whereas in LSGs can provide samples 
with a larger area (35, 36).

Take home messages
•	 The Outcome Measures in Rheuma-

tology (OMERACT) semiquantita-
tive scoring system was demonstrat-
ed to be a specific diagnostic tool, 
with good reproducibility and good 
inter-observer reliability also in the 
evaluation of SS labial and lacrimal 
salivary glands (26-28).

•	 Major salivary gland shear wave 
elastography may be considered a 
novel tool in the evaluation of glan-
dular tissue in SS patients (30, 31).

•	 Ultrasonography-guided core nee-
dle biopsy of major salivary gland 
has been confirmed as safe and non-
inferior to incisional biopsy whereas 
in labial salivary glands can provide 
larger samples (35, 36).

Extra-glandular involvement
Extra-glandular involvement has been 
reported in about one-third of SS pa-
tients. Since patients can experience 
a diverse array of clinical manifesta-
tions, extra-glandular involvement 
surely represents a clinical challenge in 
SS patients.
One of the most common extra-glandu-
lar manifestations is lung involvement, 
with interstitial lung disease (ILD) be-
ing the most frequent, generally asso-
ciated with poorer prognosis and thus 
requiring its identification at an early 
stage (37). Therefore, in 2022, a major 
effort has been made to try to identify 
a patient phenotype more likely to de-
velop lung involvement. In this setting, 
a recent study including around 200 
newly diagnosed SS patients demon-
strated that, in comparison to sicca-on-
set patients, SS-ILD ones presented an 
older age at diagnosis, less pronounced 
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sialadenitis structural changes and with 
sicca symptoms probably overshad-
owed by the respiratory disease (38). 
Non-sicca onset, older age, longer dis-
ease duration and other features, like 
Raynaud’s phenomenon, lymphope-
nia, low baseline forced vital capacity 
(FVC) and dry cough seem to predict 
ILD development (39-41). Moreover, 
some serum biomarkers, such as eo-
taxin, TGF-α, NFα and KL6, may be 
associated with higher risk of ILD, es-
pecially highlighting a promising role 
of KL6 in predicting SS-ILD progno-
sis (42). Moreover, decreased circulat-
ing Th2 cells and an elevated Th1/Th2 
ratio have been identified as immu-
nological mechanism underlying the 
development of ILD in SS in a recent 
retrospective study (43).
Neurological complications of SS are 
reported in about 15% of patients and 
are characterised by a wide spectrum 
of clinical manifestations, as recently 
reviewed (44). Moreover, neurological 
involvement may significantly influ-
ence patient prognosis. In this setting, 
a recent retrospective nationwide study 
using the French Health insurance da-
tabase and involving more than 25.000 
SS patients, incidence of hospitalisa-
tion for dementia, multiple sclerosis, 
encephalitis and peripheral neuropathy 
was significantly higher in SS patients 
as compared to general controls (45). 
In order to better characterise patho-
genic mechanisms potentially involved 
in neurological involvement, in the last 
year, some studies focused on corneal 
nerve fibre analysis by corneal confocal 
microscopy as potential non-invasive 
tool to characterise SS patients with 
neurological involvement. A small 
cohort of SS patients with neurologi-
cal involvement were characterised 
by significantly reduced corneal nerve 
fibre density and corneal nerve fibre 
main branch density in comparison to 
healthy subjects, although no signifi-
cant difference was detected in com-
parison to patients with chronic inflam-
matory demyelinating polyneuropathy 
(46). Moreover, SS patients with small 
fibre neuropathy (SFN) display a dif-
ferent corneal nerve plexus density and 
morphology, mainly characterised by 
an increased number of nerve plexus 

neuromas, in comparison to SS patients 
without SFN, thus suggesting potential 
different patterns which may specifi-
cally characterise SS patients with SFN 
(47).
Moreover, recent studies focused at-
tention on different features of nervous 
system involvement in SS, as hearing 
loss, a condition frequently observed 
in patients with systemic autoimmune 
diseases, as well as smell and taste 
functional impairment (48). In particu-
lar, a subclinical vestibular involve-
ment has been demonstrated by vestib-
ular-evoked myogenic potentials and 
video head impulse tests suggesting 
that SS patients should be evaluated 
more carefully to early detect audio-
vestibular involvement (49). 
Evidence for central nervous system 
involvement in SS is quite limited. 
Moreover, significant concerns arise 
from its diagnostic complexity. In this 
setting, a recent review highlighted 
magnetic resonance imaging (MRI) le-
sions in SS patients, involving the con-
ventional examination, volumetric and 
morphometric studies, diffusion tensor 
imaging (DTI) and resting-state fMRI 
(50). The most common radiological 
lesions were white matter hyperinten-
sities, scattered alterations hyperlucent 
on T2 and FLAIR sequences, typically 
located in periventricular and subcorti-
cal areas. To note, DTI and resting-state 
fMRI examinations showed convincing 
correlations with cognitive impairment 
(50), a manifestation often associated 
with depression and anxiety in SS pa-
tients. In this setting, a recent study 
aimed to characterise patterns of neu-
rocognitive profile in SS patients with 
cognitive complaints (51). Cognitive 
complaints were supported by measur-
able pathological cognitive profiles, as 
hippocampal profile, besides associated 
psychiatric disorders (51). Indeed, SS 
patients with cognitive impairment dis-
play diffuse decreased structural con-
nectivity changes mainly in the fronto-
parietal network by diffusion tensor 
imaging (52). 
Concomitant comorbidities, including 
infection risk, cardiovascular (CV) dis-
ease and solid neoplastic diseases, may 
also influence SS-related morbidity and 
mortality. A large French retrospective 

study demonstrated that SS patients 
are characterised by a higher risk of 
hospitalisation for community infec-
tions, especially of bronchopulmonary 
and intestinal tract, in comparison to 
matched controls (53). Moreover, a re-
cent meta-analysis confirmed that SS is 
significantly associated with increased 
risks of haematological malignancy 
besides NHL and solid cancer (54). 
However, the high heterogeneity of 
studies included, the different design of 
the studies and the lack of adjustment 
for potential confounders, as smoking 
habit, deserve extreme caution in data 
interpretation. For example, the risk of 
breast cancer in SS showed a clear geo-
graphical distribution, being lower in 
European countries and higher in Asian 
countries and Argentina, thus suggest-
ing environmental and local factors 
contributing to the risk of breast cancer 
in these patients (55). Finally, in the 
recent year, studies confirmed the im-
portance of CV comorbidity in SS (56). 
In particular, the pivotal role of tradi-
tional CV risk factors in contributing 
to CV morbidity was confirmed. In this 
setting, SS patients are characterised 
by a significant increased prevalence 
of hypertension in comparison to the 
general population and, intriguingly, 
risk of hypertension was associated 
with higher disease duration and posi-
tive anti-SSA antibody, thus confirm-
ing the contribution of disease-specific 
features in CV disease in these patients 
(57). Studies also investigated CV risk 
among diabetic SS patients (58). Inter-
estingly, beside hypertension, hyper-
lipidaemia and diabetes mellitus itself, 
SS emerged as independent risk factor 
for CV risk, suggesting that SS patients 
with concomitant diabetes mellitus 
should be monitored more closely to 
detect CV complications. 
Finally, systemic chronic symptoms 
like fatigue, pain, depression, and sleep 
disorders are major clinical manifesta-
tions of SS, significantly impairing 
patient quality of life. According to 
recent findings, fatigue has the larg-
est impact on daily activity and affect 
performance (59). In this setting, per-
formance, assessed during a sustained 
maximal voluntary contraction of a 
hand muscle, is limited by a reduced 
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capacity of the CNS to sustain out-
put to the muscle (59). Furthermore, 
a relationship between self-reported 
fatigue and objective decline in per-
formance has been demonstrated (60). 
Pain and sleep disorders are also com-
mon findings in patients with SS. Dif-
ferent types of pain can be observed in 
these patients, either simultaneously or 
at different time points. In particular, 
a cross-sectional study demonstrated 
higher frequency and severity of cen-
tral sensitisation, a pain processing 
disorder resulting from the persistent 
activation of spinal and supraspinal 
neurons, in SS patients as compared to 
healthy controls, significantly associ-
ated with sleep quality disorders (61).

Take home messages
•	 Some serum biomarkers, such as eo-

taxin, TGF-α, NFα and KL6, as well 
as decreased circulating Th2 cells 
and elevated Th1/Th2 ratio have 
been identified as potential factors 
contributing to interstitial lung dis-
ease development in SS (42, 43).

•	 Analysis of corneal nerve fibre pat-
tern and corneal nerve plexus den-
sity by corneal confocal microscopy 
has investigated as potential non-
invasive tool to characterise SS pa-
tients with peripheral nervous sys-
tem involvement, including patients 
with small fibre neuropathy (SFN) 
display a different (46, 47).

•	 Early subclinical vestibular involve-
ment has been demonstrated by ves-
tibular-evoked myogenic potentials 
and video head impulse tests in SS 
patients (49).

•	 Infection risk, cardiovascular disease 
and higher risk of haematologic neo-
plasia, in particular lymphoma, have 
been confirmed as the most frequent 
comorbidities in SS (53, 54, 56).

Novel insights into SS-related 
lymphoma
Lymphoproliferation and lymphoma 
development are two major well-de-
scribed complications in SS, in par-
ticular NHLs and extra-nodal marginal 
zone lymphoma of MSGs (i.e. salivary 
MALT lymphoma). This is explained 
by the pivotal role of dysregulated hy-
peractive B-cells in SS pathogenesis 

and their intricate interactions with 
other immune system actors and SG 
epithelium. Many efforts have been 
made in recent years to shed light on 
epidemiology and pathogenetic mecha-
nisms of SS-related lymphoma, as well 
as accurately phenotyping SS-subjects 
at high lymphoproliferation risk toward 
a better management of this complica-
tion. Hereby, we report the most recent 
evidences concerning these fields.

Epidemiology: new perspectives
The reported mean prevalence of lym-
phoma in SS is about 5% with an over-
all risk ranging from 10.5 to 48-fold 
higher than healthy population. De-
spite these data, our view is still limited 
as most of the previous studies were of-
ten small, with a high population het-
erogeneity and a relatively low number 
of lymphomas included. To overcome 
these limitations, two studies, one from 
Sjögren Big Data Consortium (62) and 
the other from the Greek group (63), 
were conducted. In the first, a multi-
centre analysis was carried out includ-
ing almost 12.000 SS patients among 
which 414 affected by a concomitant 
haematological malignancy, while, in 
the other study, a harmonised dataset 
of 878 SS patients recorded from 1981 
to 2021 was analysed. In both stud-
ies, mature B-cell lymphoma was the 
most represented with a prevalence in 
SS cohorts ranging from 3% to 16.7% 
(62, 63). The main histotypes reported 
were MALT lymphoma (50% in Big 
Data and 76% in Greek cohort, respec-
tively), diffuse large B-cell lymphoma 
(DLBCL) (16% vs. 9%) and NMZL 
(7% vs. 6.6%).
Alongside these data, other studies in 
the last year investigated the prevalence 
of lymphoma in SS using administra-
tive databases. Saleh et al. depicted a 
prevalence of NHL in Florida of 2.6% 
in SS patients with a 7.4-fold increased 
risk in comparison with general popu-
lation; surprisingly, the most common 
NHL was DLBCL followed by NMZL, 
while no MALT lymphoma was report-
ed, probably due to its classification 
under the term ‘other NHL’ (64). Trep-
po et al., in a study performed to evalu-
ate cancer risk among individuals with 
connective tissue disease in North-

eastern Italy, confirmed the higher risk 
of NHL in SS patients (3.84-fold higher 
than healthy population) (65). This was 
also confirmed in a large systematic re-
view which demonstrated a significant 
13.7-fold higher risk of NHL in SS in 
comparison to general population, also 
highlighting the association with other 
haematological or solid malignancies 
such as Hodgkin lymphoma, multiple 
myeloma, leukaemia and thyroid, kid-
ney, liver, prostate and lung cancers 
(66).

Lymphomagenesis: new perspectives
Pathogenesis of lymphoma in SS is a 
complex and not yet fully understood 
phenomenon. According to the most 
accepted model, lymphomagenesis 
in SS is a multistep process in which 
chronic inflammatory antigenic stimu-
lation leads to B-cell hyperactivation. 
Following the intervention of several 
predisposing cytokines and the onset of 
oncogenic events, a benign lymphopro-
liferation, histologically expressed by 
lymphoepithelial lesions (LELs), may 
derail to MALT lymphoma or, in a mi-
nority, to DLBCL (67). 
According to this model, SG microen-
vironment is crucial in SS-related lym-
phomagenesis. In this context, LELs, 
which are present in about 50% of SS 
SGs, play a pivotal role, not only as 
passive expression of lymphoprolif-
eration but also as major actors. This is 
particularly true considering the recent 
finding of GPR34 gene mutation in SG 
MALT lymphomas. GPR34 is a G-pro-
tein coupled receptor which, through 
the binding with its ligand LysoPS, 
whose main source are LELs, regulates 
the activation of several pathways in-
volved in apoptosis and cell cycle. The 
mutation of this gene, together with a 
paracrine stimulation caused by LELs, 
leads to a persistent and dysfunctional 
activation of GPR34 conferring an ap-
optotic resistance and a high malignant 
transformation potential to SGs B-cells 
who display this mutation (68). More-
over, LELs are also a potent source of 
TLR ligands such as RNA-RNP parti-
cles which, in turn, bind soluble IgM-
Rheumatoid Factor (RF) promoting the 
formation of immune-complexes (ICs). 
ICs represent a strong stimulus for RF-
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expressing B-cell clonal expansion in-
duced by the production of BAFF and 
type I IFN cytokines by the same LELs 
(69). In association with LELs, also B-
cells are critical in SS lymphomagen-
esis. This has been particularly investi-
gated by Broeren et al. (70) and Car-
lotti et al. (71) by the analysis of B-cell 
repertoire analysis in SG tissues of SS 
patients. Interestingly, SS MALT lym-
phoma contained primarily monoclonal 
RF expansions in SG, compared to SS 
tissue without lymphoma in which the 
repertoire was polyclonal (70). Moreo-
ver, B-cell clonotypes are characterised 
by an extensive recirculation among 
minor SGs of SS patients without and 
showed high proliferating capacity dis-
played by IgH-VH gene usage, includ-
ing VH1-69, which is typical of RF 
B-cells. Analysis of B-cell clones in 
affected tissue of SS patients, although 
highly expensive, may be very promis-
ing in order to assist in SS lymphopro-
liferative risk stratification (71).
In addition to the role of LELs and 
B-cells, another peculiarity of MALT 
lymphomas in SS is represented by its 
mutational profile. According to Bult 
et al. (72), SS MALT lymphoma shows 
a relative genomic stability. By whole 
exome sequencing and FISH in speci-
mens of 17 SS-related parotid MALT 
lymphomas, the authors demonstrated 
that, among the main genes involved 
in classical MALT lymphomagen-
esis (TBL1XR1, CCR6, TNFAIP3, 
NOTCH2, PAX5 and APC), in 14/17 
patients the mutational burden was low, 
whereas in the remaining 3 the high 
mutational burden was associated with 
severe SS activity, systemic lymphoma 
relapses and advanced clinical stage; 
notably, no MALT1 translocations were 
found. A potential explanation of this 
discrepancy between SS MALT lym-
phoma and non-SS MALT lymphoma 
was that they may share a common 
ancestor but follow different evolution-
ary tracks in which, in the case of SS 
MALT lymphoma, the autoimmune 
salivary microenvironment is crucial.
In conclusion, the strong interconnec-
tion between inflammatory SG micro-
environment, B-cell hyperactivation 
and peculiar oncogenic events that oc-
curs in SS-related lymphomagenesis, 

which are rarely shared by other lym-
phomas, may suggest the idea that SS 
cannot only be considered as a simple 
autoimmune disease with lymphopro-
liferative complications but a lym-
phoproliferative disease itself. Surely, 
further research is strongly needed to 
deeply detect the pathogenesis of lym-
phoproliferation in SS.

New advances in SS-related 
lymphoma diagnosis: 
towards a better stratification
In view of the high heterogeneity of 
SS, many efforts have been made in 
recent years to ensure a correct strati-
fication of lymphoproliferative risk 
through a careful patient evaluation of 
clinical, serological, imaging and his-
topathological features (73). 
Salivary gland enlargement (SGE) 
is the first and most relevant predic-
tor of NHL in SS. The Greek cohort 
confirmed this evidence with SGE oc-
curring in 66% of SS patients before 
lymphoma diagnosis, mainly persis-
tent (77.5%) and involving the parotid 
gland (92%) (63). Focusing on the re-
lationship between NHL type and clin-
ical presentation, SGE clearly identi-
fied SS with MALT lymphoma while 
lymphadenopathy was more common 
in NMZL and DLBCL while bone 
marrow, lungs and digestive tract are 
rarely involved. Constitutional symp-
toms were more frequent in DLBCL 
(62). Moreover, MALT lymphoma oc-
curred mainly in young patients with 
a relatively short disease duration and 
characterised by a stage I or II at diag-
nosis, while DLBCL and NMZL were 
more frequent in older patients with a 
longer disease duration and character-
ised by a more advanced stage at diag-
nosis (III or IV) (62, 63).
In the context of MALT lymphoma, the 
importance of accurate parotid swell-
ing (PSW) recording was recently 
highlighted by a multicentre study by 
De Vita et al. which included 144 SS 
patients who developed NHL during 
follow-up compared to 222 SS controls 
(74). They found that the event ‘PSW’ 
recorded at any time during SS course 
was significantly associated with fu-
ture NHL development. In particular, 
the duration of PSW (2-12 months) 

and the persistence (>12 months) char-
acterised more patients with future 
NHL development than controls while 
episodic PSW (<2 months) was similar 
in both groups (74). Therefore, PSW is 
an early and potent predictor of lym-
phoma in SS and its careful monitoring 
is crucial during the whole course of 
the disease for a correct lymphoprolif-
erative risk stratification.
Another clinical phenotype to consider 
in SS patients is lymphadenopathy. 
Stergiou et al. enrolled 1234 SS pa-
tients of which 165 (13%) with persis-
tent and stable lymphadenopathy. Al-
though direct evaluation of lymphoma 
occurrence in this subgroup was not 
performed, they found a significant 
association with B-cell hyperactivity 
features, including SGE, cryoglobuli-
naemia, higher focus score (FS) and 
autoantibodies production (75). More-
over, B-cell hyperactivation and PSW 
are included in ESSDAI biological and 
glandular domains; despite total ES-
SDAI may not accurately reflect lym-
phoproliferative risk in SS, biological 
and glandular domains showed a sta-
tistically significant increase from SS 
diagnosis to lymphoma diagnosis (63), 
suggesting the importance of monitor-
ing these domains as possible predic-
tors of lymphoma. 
Recently, thanks to a cloud-computing 
infrastructure and artificial intelligence 
models developed by HarmonicSS, 
four biomarkers have been identified as 
more predictive of NHL development 
in SS: SGE, cryoglobulinaemia, pres-
ence of RF and low C4 (76). Surely, 
the development of further AI models 
may aid in the profiling of SS-related 
lymphoproliferative risk. Importantly, 
clinicians should be aware that even if 
MALT lymphoma and DLBCL share 
many risk factors in SS, some biomark-
ers of lymphoma development (i.e. an-
ti-SSA/Ro, anti-SSB/La, RF, low C4) 
are more specific for MALT lymphoma 
than for DLBCL (77).
In the last years, the application of im-
aging techniques to identify suspicious 
lesions in SS is increasingly growing. 
Ultrasonography, thanks to its wide 
availability, is nowadays the main tool 
to investigate SGs in patients with PSW 
or at high lymphoproliferative risk. Its 
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usefulness is mainly linked to the char-
acterisation of focal lesions that may 
arise in SS SGs and in their differen-
tiation from other SG mass-forming 
diseases, such as IgG4-related disease, 
amyloidosis, ANCA vasculitis, lithiasis 
as well as adenomas and carcinomas. 
In SS setting, an OMERACT 3 inho-
mogeneity combined with very hypo-
ecoic oval, homogeneous, well-shaped 
lesion with posterior enhancement, hy-
perechoic septa and hypervascularisa-
tion is strongly suggestive for salivary 
MALT lymphoma and requires further 
investigations (78). Contrast-enhanced 
MRI and FDG-PET-CT are two other 
techniques that could effectively distin-
guish benign lymphoproliferation from 
MALT lymphoma and contextually 
overcome the operator-dependency of 
US, although more expensive and less 
available (79). In particular, in FDG-
PET-CT scans, a parotid SUV>3.1 and 
a submandibular SUV>2.9 identify 
glandular MALT lymphoma with high 
sensitivity and specificity. Moreover, 
FDG-PET-CT may also identify other 
lymphoma localisations, such as re-
gional lymph nodes or lung nodules 
(79). 
Nevertheless, major SG biopsy is es-
sential for the definite SS lymphoma 
diagnosis and recently US has been 
employed as a precious support in this 
procedure. Safety, patient acceptance 
and diagnostic accuracy of US-guided 
core needle (US-CNB) biopsy has been 
demonstrated in 30 SS patients under-
going major SG biopsy for suspected 
lymphoma in which the US-CNB, 
performed in the parotid ‘safety area’ 
where facial nerve deepen into the 
gland, was only associated with tran-
sient swelling, minimal haematoma, 
transient paraesthesia or facial palsy, 
all with spontaneous resolution in few 
days (80). Moreover, procedure diag-
nostic yield was optimal, with very few 
patients (2/30) without adequate sam-
ples, and allowed MALT lymphoma 
diagnosis or its exclusion in almost all 
patients (80). On the other hands, a re-
cent study by Parreau et al. involving 
24 SS patients with established NHL 
demonstrated 50% of probability to di-
agnose lymphoma by minor SG biopsy 
(81). This low sensitivity supports the 

evidence that, although minor SG biop-
sy remains a valuable tool in SS diag-
nosis, it is insufficient for the diagnosis 
of an associated lymphoma.
In the future, an improvement of the 
diagnostic tools already available (i.e. 
US) and the development of new AI 
SS models will allow to achieve a bet-
ter SS-related lymphoproliferative risk 
stratification with a positive impact 
both on patient management and on 
healthcare system, thus avoiding un-
necessary procedures and eventually 
overdiagnosis.

Outcome and management 
of SS-related lymphoma: 
what have we learned?
Although most SS-related lympho-
mas are MALT lymphomas confined 
to the SGs with a generally favour-
able prognosis, the rarer but more se-
vere DLBCLs and NMZLs as well as 
MALT lymphomas with high systemic 
burden must be considered as their sig-
nificant impact on life expectancy of 
SS patients. Analysis of the Big Data 
Consortium and the Greek cohorts 
showed a mean overall survival of 87% 
at 8 years and 78% at 10 years in SS 
patients with NHL, respectively (62, 
63). The main causes of death were ne-
oplastic progression (51%) and infec-
tions (31%) (62). In particular, in the 
Big Data Consortium, MALT lympho-
ma overall survival at 1, 2 and 5 years 
was 93%, 90% and 86.5%, respectively 
(62) while, in the Greek cohort, MALT 
lymphoma overall survival was 91% at 
5 years and 79% at 10 years (63). On 
the other hand, DLBCL and NMZL 
overall survival was 54% and 62.5% at 
5-years and 41% and 46% at 10-years, 
respectively, confirming their higher 
prognostic aggressiveness. Interest-
ingly, while DLBCL and NMZL were 
characterised by a short-time negative 
prognosis, MALT lymphoma showed 
an indolent course in the short term 
but an overall survival reduction in the 
long term, highlighting the need of a 
prolonged and close observation of SS 
patients with MALT lymphoma due to 
its late negative evolution risk.
As far as SS-related lymphoma man-
agement is concerned, many therapeu-
tic strategies have been undertaken in 

order to manage B-cell lymphopro-
liferation, mainly based on B-cell de-
pleting agents (Rituximab) or BAFF-
antagonists (Belimumab) (82, 83). 
This approach is essential in DLBCL 
treatment but not always necessary in 
MALT lymphoma, given its non-com-
plete response to Rituximab. Indeed, as 
recently demonstrated, B-cells are able 
to recirculation and independently pro-
liferate in SGs and the BAFF-rich pro-
stimulatory salivary microenvironment 
secondary to an indiscriminate B-cell 
depletion may lead to an incomplete 
elimination of the neoplastic clone or 
to selection of other clones (70, 71).
Management of SS lymphoma still 
represents an unmet need. New bio-
markers, a better stratification and the 
development of new therapies able to 
target B cells and the salivary microen-
vironment (hypothetically, rituximab/
belimumab combination, ianalumab or 
GPR34 inhibitors) may offer a new ap-
proach towards personalised treatment 
of SS patients (68, 84, 85).

Take home messages
•	 Prevalence of different lymphoma 

isotypes has been deeply character-
ised in two wide multicentre SS co-
horts (62, 63).

•	 Lymphoepithelial lesions, peculiar 
oncogenic events and B cell hyper-
activation have been demonstrated 
to exert a central role in lymphoma 
pathogenesis (68-72).

•	 Parotid salivary swelling has been 
identified as early predictor of lym-
phoma in SS (74).

•	 Ultrasonography OMERACT score, 
contrast-enhanced MRI and FDG-
PET-CT are pivotal techniques that 
may be employed to distinguish 
benign lymphoproliferation from 
MALT lymphoma in SS (78, 79).

•	 Therapeutic strategies based on B-
cell depleting agents (Rituximab) 
or BAFF-antagonists (Belimumab) 
have been undertaken in order to 
manage B-cell lymphoproliferation 
(82, 83).

What is novel in SS treatment
Nowadays, despite the growing know-
ledge about SS pathophysiology, treat-
ment of SS remains mainly empirical 
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and symptom-targeted, ranging from 
saliva and tear substitutes to analgesics 
and glucocorticoid (GC)s for the man-
agement of pain and fatigue. Strong 
evidence regarding the use of immu-
nosuppressive drugs is still lacking 
and these drugs are mainly employed 
as GC-sparing agents (86). The early 
experience in SS therapeutic trials in 
repurposing therapies used in other au-
toimmune rheumatic diseases has often 
failed to demonstrate efficacy and, for 
this reason, treatment of SS remains 
challenging in clinical practice.

Systemic therapy
Recommendations suggest that the 
use of systemic immunosuppressive 
therapies, including GCs, should be 
considered only in patients with active 
systemic disease, after a careful evalu-
ation of systemic disease activity and 
organ damage (86).

- B cell target therapy
The use of B cell target therapy has 
been proposed since the evidence that 
B cell dysfunction is at the basis of 
the pathogenetic mechanism of SS. 
To date, both Belimumab (anti-BlyS) 
and Rituximab (anti-CD20) have been 
studied for the management of SS but 
with heterogeneous results (87).
It has been postulated that the maximal 
benefit of Rituximab may be achieved 
in early, active disease, especially in 
patients with some extra-glandular 
manifestations, including peripheral 
nervous system involvement with 
vasculitis or cryoglobulinaemia, lym-
phoma and refractory pulmonary in-
volvement (87). The limited efficacy 
of Rituximab has been associated, at 
least in part, to an increase of Blys dur-
ing the repopulation of B cells, leading 
to high probability of disease relapse. 
To overcome this issue, a recent ran-
domised double-blinded clinical trial 
evaluated the safety and efficacy of se-
quential Belimumab and one cycle of 
Rituximab administration, compared 
with Belimumab alone, Rituximab 
alone and placebo (84). Patients with 
moderate-to-severe disease activity 
measured by ESSDAI were evaluated 
for 68 weeks. All three groups experi-
enced a significant reduction of ESS-

DAI in comparison to placebo, with the 
Belimumab-Rituximab group showing 
the greater score reduction. Side ef-
fects were similar among all groups 
of patients. The different mechanisms 
of action of the two drugs support the 
rational of the trial. In particular, Beli-
mumab leads to early decrease of naïve 
and activated B cells, whereas periph-
eral memory B cells increase. On the 
other side, Rituximab leads to deple-
tion in peripheral memory B cells. In 
this setting, considering the importance 
of BlyS-mediated signals for B cells 
maturation and survival, new biologi-
cal agents interfering with this path-
way are under examination. Ianalumab 
is a human monoclonal antibody able 
to deplete B cells via two mechanisms 
of action. From one side, it is able to 
induce a direct lysis of B cells and, 
on the other hand, blocks BAFF-re-
ceptor, thus interrupting the signalling 
pathway. A recent double-blind, ran-
domised, dose-finding trial assessed 
efficacy and safety of different subcu-
taneous doses of Ianalumab (5 mg, 50 
mg, 300 mg every 4 weeks) in 190 SS 
patients with moderate-to-severe activ-
ity (85). The ESSDAI score decreased 
from baseline in all Ianalumab groups, 
with the maximal score change in the 
ianalumab 300 mg group. Of note, an 
increase of stimulated salivary flow 
from baseline to week 24 was observed 
in association with a reduction of RF 
and immunoglobulin G levels. This re-
sult was expected and consistent with 
previous findings because receptor 
blockade leads to higher BAFF levels 
without any biological activity.

- Co-stimulation blockade
At the moment, clinical trials evaluat-
ing the effects of sequential Abatacept 
infusions for 24 weeks have shown 
disappointing results. Conversely, ad-
ministration of abatacept for 24 months 
was associated with an improvement in 
SG function in a small SS cohort, sug-
gesting that a longer treatment period 
may be required to exert positive ef-
fects. Following this concept, De Wolff 
et al. recently analysed the effect of 
48-week abatacept therapy as open-
label extension of the ASAP-III trail in 
40 SS patients with moderate to high 

disease activity at baseline (88). Low 
disease activity (ESSDAI < 5) was ob-
served at week 48 in 50% of patient. 
Moreover, both Abatacept treated pa-
tients than patients shifted from place-
bo to abatacept in the open-label phase 
showed significant improvement of 
ESSPRI scores, especially in the pain 
and fatigue domains (88). On the other 
hand, no significant improvement was 
observed in salivary flow rates and in 
SGUS scores, suggesting that besides a 
potential stabilisation of salivary flow 
rates, Abatacept does not seem to cause 
major improvements in SG inflamma-
tion or morphology.

- Jak-inhibitors
Studies investigating the effect of Janus 
Kinase (JAK) inhibitors in SS are quite 
recent and developed since the aware-
ness that JAK-STAT pathway could 
play a role in the signalling of Type I 
and Type II IFNs, which levels have 
been demonstrated to be increased in 
peripheral blood and in glandular tissue 
of SS patients. A recent multicentre, 
double-blind study, randomised a large 
cohort of active primary or associated 
SS patients (ESSDAI ≥ 5) to receive 
three different JAK inhibitors, filgo-
tinib, a JAK-1 inhibitor, lanraplenib, 
a spleen tyrosine kinase inhibitor, and 
tirabrutinib, a Bruton’s tyrosine kinase 
inhibitor (89). However, despite the 
biological rationale of the study, both 
the primary composite efficacy end 
point (week-12 proportion of patients 
fulfilling improvement of C-reactive 
protein and SS-related symptoms) and 
the secondary outcome (change from 
baseline in ESSDAI and ESSPRI) 
were not met (89). In this setting, some 
peculiar characteristics of the study, 
as inclusion of SS patients with asso-
ciated systemic autoimmune diseases 
and the composite primary end point, 
which included also patient-reported 
symptoms, may have hampered the 
results. However, consistent with the 
expected drug mechanisms of action, 
reductions in immunoglobulin levels 
were observed in patients who received 
filgotinib or tirabrutinib, despite an ab-
sence of clinical response. Moreover, 
filgotinib-treated patients demonstrat-
ed a reduction in Type I IFN signature 
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activity and a significant decrease in 
circulating regulatory B and precursor 
plasma cells was observed in patients 
who received tirabrutinib (89). Surely, 
further studies are needed to explore 
the effect of JAK inhibitors in SS.

- Low-dose interleukin 2
Interleukin 2 (IL-2) is a cytokine in-
volved in the homeostasis of T cells 
acting in a dose-depended mechanism. 
High IL-2 is able to enhance the activ-
ity of CD4 T cells, whereas low dose 
of IL-2 has been proved to increase T 
regulatory cells (Treg), suppress T fol-
licular helper and T-helper 17 and in-
directly regulate the proliferation and 
maturation of B cells, thus suggesting 
that low dose of IL-2 might regulate B 
cell proliferation and induce clinical 
response in SS. 
Low-dose IL-2 (1 million IU subcuta-
neously every other day for two weeks 
followed by a 2-week break) were com-
pared to placebo in a double-blind trial 
which included 60 SS patients with 
active disease (90). Significant reduc-
tion of disease activity by ESSDAI and 
greater improvement in dryness, pain 
and fatigue was observed in low-dose 
IL-2 group. Interestingly, immunologi-
cal analysis revealed that LD-IL-2 in-
duced an expansion of Treg cells and 
regulatory CD24highCD27+ B cells.  No 
significant increase of infection risk was 
observed in treated patients suggesting 
a plausible role of low-dose IL-2 in pa-
tients with absolute contraindication to 
immunosuppressive therapies. Howev-
er, the very low number of patients in-
cluded and the lack of subsequent phase 
III trials suggest extreme caution in the 
interpretation of the results.

- Conventional synthetic disease-
   modifying anti-rheumatic drugs
The use of conventional synthetic 
(cs) immunosuppressant agents is still 
scarce and the absence of clinical tri-
als comparing the different cs-dis-
ease-modifying anti-rheumatic drugs 
(DMARDs) does not provide specific 
indications in the employment of these 
drugs in SS patients. In the last year, 
no study related to csDMARD therapy 
in SS has been published, except for 
a meta-analysis of 19 clinical trials on 

Iguratimod, an anti-rheumatic drug 
approved in Japan and China for the 
treatment of rheumatoid arthritis (91). 
The meta-analysis, including 1512 
Chinese SS patients, demonstrated 
that Iguratimod may improve ESSDAI 
and ESSPRI score, increase Schirm-
er’s test score and salivary flow rate. 
However, the lack of studies in differ-
ent geographical populations, the short 
follow-up, the high rate of bias in data 
collection and low quality of studies 
included deserve caution in data inter-
pretation.

Topic therapy 
Current treatments for dry eye include 
artificial tears and prescription of eye 
drops, such as cyclosporine and lifite-
grast, a lymphocyte function-associated 
antigen 1 antagonist approved by the 
FDA for the treatment of dry eye dis-
ease, to reduce ocular surface inflam-
mation. However, their usefulness for 
the relief of signs and symptoms in pa-
tients with dry eyes remains uncertain.
Among the anti-inflammatory topical 
therapy, cyclosporine was approved 
by the FDA for the treatment of mod-
erate-to-severe dry eye disease based 
on an improvement in tear production. 
Recently, a placebo-controlled, ran-
domised clinical trial was performed 
in 60 SS patients in order to compare 
the effect of topical application of tac-
rolimus 0.03% eye drops versus cyclo-
sporine 0.05% eye drops. The study 
demonstrated that both immunomodu-
latory eye drops have a comparable ef-
fect in improving patient symptoms and 
ocular surface staining scores including 
OSDI, frequency of use of artificial tear 
substitutes, TBUT, van Bijsterveldt 
score and Schirmer I at the end of 6 
months (92). However, no effect was 
demonstrated in patients with concomi-
tant meibomian gland dysfunction.
In severe cases of dry eye disease, an 
encouraging alternative is the use of 
blood-derived sera, such as autolo-
gous serum, which provides hydration, 
nutrition and growth factors that pro-
mote cellular trophism within the epi-
thelium, thus improving regeneration. 
Moreover, autologous serum has an in-
direct anti-inflammatory effect by neu-
tralisation of inflammatory cytokines 

and holds bactericide components, 
such as lysozyme, lactoferrin and im-
munoglobulins, thus reducing the risk 
of contamination and infection. 
Recently, a randomised, double-blind 
clinical trial compared the effect of 
three types of sera, autologous serum, 
allogeneic serum and umbilical cord 
serum, for the treatment of severe dry 
eye syndrome with symptoms lasting 
for more than 3 months not improving 
con conventional treatment. A total of 
125 eyes of 63 patients were includ-
ed, of which 23 patients had SS (93). 
There was a significant main effect 
of time on visual acuities, Schirmer 
and BUT tests, fluorescein and lissa-
mine green staining measurements and 
questionnaire scores reported for the 
three treatments. However, consider-
ing the very low number of SS patients 
included in the study, further studies 
are needed to explore the potential 
role of autologous serum and other 
blood-derived sera in the treatment of 
refractory severe dry eye syndrome in 
patients with SS. 

Non-pharmacological treatment
Given the complexity of the disease 
and the disappointing results of the 
pharmacological treatment, the non-
pharmacological approach may take 
place especially for the management 
of fatigue, one of the most challeng-
ing hallmarks of the disease. Up to 
date, none of the drugs tested in differ-
ent clinical trials showed a significant 
improvement of fatigue. In this frame-
work, a recent study by Dardin et al. 
explored the effectiveness of resistance 
exercise training on fatigue in patients 
with SS (94). In this single-blind ran-
domised trial, the authors compared 
the effect of 16-week resistance ex-
ercise programme with respect to no 
physical activity in 59 SS patients. A 
significant improvement in fatigue do-
main assessed by ESSPRI score and by 
the short-form Profile of Fatigue and 
Discomfort-Sicca Symptoms Inven-
tory (PROFAD-SSI) was demonstrated 
in the resistance exercise programme 
in comparison to control group, while 
no significant difference was detected 
between the two groups when fatigue 
was assessed with the Functional As-
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sessment of Chronic Illness Therapy 
(FACIT)-Fatigue (96). The resistance 
training programme was well tolerated 
and patients showed good compliance 
the exercise programme.

Future perspectives
Current evidence for the efficacy of 
targeted therapies in SS is still incon-
clusive as many trials failed to meet 
their primary outcomes. Nevertheless, 
recent trials targeting B-cells, B-T cell 
co-stimulation and IFN signalling have 
shown promising results. Surely, the 
complex pathogenetic mechanisms of 
the disease, which target different path-
ways in the same patient, the extreme 
heterogeneity of disease phenotypes 
with potentially different responses 
to immunomodulatory therapies, the 
strict inclusion criteria in clinical tri-
als, the high placebo response rate and 
the outcomes measures employed may 
partly explain trail failures. The devel-
opment of composite endpoints, which 
include patient reported outcomes and 
objective disease measures, may sure-
ly provide a more holistic approach 
to disease assessment. The impact of 
these new tools on therapeutic devel-
opment that may benefit SS patients 
remains to be fully evaluated. Indeed, 
a therapeutic approach focusing only 
in improving systemic disease activity 
has the main limit to not consider the 
drug effect on patient symptoms, thus 
neglecting a large proportion of SS pa-
tients with high symptom burden but 
low levels of systemic disease activity. 
Surely, composite endpoints incorpo-
rating patient reported outcomes with 
objective disease measures may pro-
vide a more patient-focused approach, 
but its impact remains to be fully as-
sessed in future clinical trials.

Take home messages
•	 Among systemic therapy, B cells 

target therapy could be useful in SS 
patients; sequential belimumab and 
rituximab showed a greater reduc-
tion of disease activity and equal 
side effect compared with the single 
therapy group (89). 

•	 Recent promising targets in the 
treatment of SS include B cells, co-
stimulatory molecules (i.e. CD40/

CD40L) and signalling cytokine 
pathways (BlyS/BAFF) (90).

•	 Longer administration of Abatacept 
may be beneficial in reducing dis-
ease activity in SS patients (91). 

•	 Besides artificial tears, current topic 
treatment for dry eyes includes anti-
inflammatory therapy such as cy-
closporine to reduce ocular surface 
inflammation. The use of blood-
derived sera could be considered in 
some well selected, severe case of 
dry eye disease (95).

•	 A non-pharmacological approach 
may have a place especially for the 
management of fatigue and muscle 
symptoms (96).
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