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ABSTRACT

Sjogren’s disease represents a complex
systemic autoimmune disorder mainly
driven by T and B lymphocytic infiltra-
tion of exocrine gland, activation of dif-
ferent signalling pathways and systemic
cytokine production. These interacting
pathogenic mechanisms may differently
contribute to characterise highly vari-
able phenotypic expression of the dis-
ease, ranging from an asymptomatic,
indolent course with only glandular
involvement to several extra-glandular
systemic manifestations. Moreover, ap-
proximately 5—-10% of patients develop
lymphoproliferative disease, with an
overall risk reported to be up to 48
times higher in comparison to healthy
population. Due to the substantial
clinical heterogeneity of the disease,
in recent years, research focused to
investigate biomarkers able to identify
distinct subtypes of Sjogren’s disease,
facilitate earlier patient recognition
and homogenise patient subgroups in
clinical trials aiming to develop tai-
lored therapies. Surely, a more detailed
understanding of pathogenetic mecha-
nisms and recognition of different dis-
ease phenotypes may facilitate earlier
diagnosis, enable recognition of patient
clusters and suggest novel therapeutic
modalities to address the unmet needs
of the disease in the upcoming years. In
this review, following the others of this
series, we will update the most recent
literature on Sjogren’s disease focusing
in particular on new insights into clini-
cal stratification, imaging techniques
and targeted therapeutic advances.

Introduction

The high variability and the different se-
verity of clinical expression among pa-
tients with Sjogren’s disease (SjD) rep-
resent a significant unmet need. To over-

come this issue, in recent years, research
specifically focused on the investigation
and analysis of possible molecular, pro-
teomic, clinical and serologic variables
able to identify well distinct and specific
disease clusters. In particular, these dif-
ferent stratification approaches aimed to
address the clinical heterogeneity of the
disease, based on both patient-reported
symptoms and clustering according to
molecular profiles, and to identify pa-
tients at increased risk of lymphoprolif-
erative disorders and specific comorbid-
ities. The expanding research on mecha-
nisms underlying disease pathogenesis
and the identification of specific prot-
eomic and molecular pathways through
transcriptome profiling represented im-
portant steps toward the development of
targeted therapies for patient subgroups.
This led to the recent development of
several clinical trials addressing specific
emerging pathways of the disease. De-
spite many of these trials failed to meet
their primary outcomes, which may be
in part due to the use of study endpoints
focused on one specific aspect of SjD or
to the short trial duration, recent thera-
peutic approaches focusing on B cells,
B-T cell interactions and interferon-
signalling have shown encouraging
outcomes in this highly heterogeneous
disease. Following previous series, in
this review we will provide an update of
the most recent literature on the disease,
particularly focusing on new insights
into glandular and extra-glandular man-
ifestations, mechanisms underlying the
lymphoproliferative risk and into re-
cent developments in the diagnostic and
prognostic role of innovative imaging
techniques. Finally, in the era of preci-
sion medicine, the most recent trials will
be critically analysed, trying to highlight
potential pitfalls which may explain the
failures of some systemic therapies.
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Glandular involvement

Sjogren’s disease (SjD) is a chronic,
systemic autoimmune disorder pri-
marily targeting the exocrine glands,
particularly the salivary and lacrimal
glands (1). The hallmark glandular
involvement leads to xerostomia and
keratoconjunctivitis ~ sicca,  result-
ing from lymphocytic infiltration and
gradual destruction of glandular tis-
sue. Indeed, oral and ocular dryness
are typically considered together as
hallmark symptoms of SjD. However,
Chatzis et al. questioned whether these
manifestations might represent distinct
clinical phenotypes within the SjD
spectrum (2). In a large multicentre
study involving 1,765 patients, clinical
characteristics of individuals present-
ing with isolated ocular or oral dryness
were investigated. Isolated ocular dry-
ness was associated with a lower risk
of lymphoma and less frequent salivary
gland enlargement, while isolated oral
dryness correlated with older age at di-
agnosis and fewer joint symptoms (2).
These results, in accordance with re-
cent advances in disease phenotyping,
suggest the presence of distinct clinical
subsets in SjD, potentially reflecting di-
vergent pathogenetic pathways. Surely,
prolonged hyposalivation in these pa-
tients significantly compromises oral
function, manifesting in difficulties
with speech, mastication and swallow-
ing and predisposing individuals to in-
creased risk of dental caries, erosion,
periodontitis and oral infections, as
candidiasis and angular cheilitis. More-
over, as recently confirmed in a sys-
tematic review and meta-analysis, the
glandular impairment and discomfort
in SjD patients, especially reduced sali-
vary flow, is strongly associated with a
significant decline in oral health-related
quality of life (OHRQoL) in compari-
son to healthy controls (3).

Dry eye disease (DED) represents
another prevalent manifestation in
patients with SjD and increasing evi-
dence suggests that pro-inflammatory
cytokines in the tear film may play a
contributory role in its pathogenesis.
These inflammatory mediators appear
to be involved in ocular surface al-
terations observed in both SjD-related
DED (SjD-DED) and non-SjD-DED. A

2008

recent meta-analysis by Li et al. quanti-
tatively compared tear cytokine profiles
across patients with SjD-DED, non-
SjD-DED and healthy controls. The
results demonstrated a distinct cytokine
signature in SjD-DED patients, charac-
terised by significantly elevated levels
of interleukin (IL)-6, IL-8, IL-17, IL-4,
IL-12p70 and tumour necrosis factor
(TNF)-a., in contrast to both non-SjD-
DED individuals and healthy subjects.
These findings underscore a more in-
tense inflammatory milieu in SjD-DED
and suggest that tear cytokine profiling
may be employed as potential diagnos-
tic or therapeutic biomarker to improve
clinical and therapeutic management of
these patients (4).

Surely, salivary gland biopsy (SGB),
particularly of the minor salivary
glands, represents a pivotal diagnostic
tool for patients with SjD. Although
minor SGB is a minimally invasive sur-
gical procedure that is relatively simple
and safe to perform, it can be associ-
ated with postoperative complications
such as lip paraesthesia, pain, bleed-
ing and local swelling. To overcome
this issue, recently Li et al. proposed
the use of auxiliary devices to enhance
procedure security, specifically the im-
plementation of chalazion forceps, in
a prospective randomised controlled
study. Compared to patients who un-
derwent conventional minor SGB,
those in whom chalazion forceps were
used experienced smaller incisions, re-
duced bleeding, shorter operative time,
less postoperative pain and improved
wound healing at 7 days, with high and
comparable diagnostic accuracy be-
tween the two techniques (5). Surely, in
clinical practice, a major unmet need in
the interpretation of SGB biopsy is the
risk of calculation errors and inter-ob-
server erroneous evaluation of the focus
score (FS), a tool traditionally used for
diagnostic purposes often misapplied,
especially when other histopathological
changes coexist. Moreover, FS is not
exclusively found in SjD patients but
can also be present in healthy individu-
als and patients with human immuno-
deficiency virus infection or various au-
toimmune diseases. Additionally, some
SjD patients may exhibit a FS less than
the cut-off of 1, age and seropositivity

may influence the lymphoid composi-
tion of the lymphocytic foci and a con-
siderably high prevalence of focal lym-
phocytic sialadenitis may be detected in
minor SGs of non-SjD individuals (6,
7). Surely, pathological characterisation
of salivary glands provides information
that go beyond a mere diagnostic or
classification utility, providing insights
for a stratification of disease severity
and for predicting systemic manifesta-
tions, thus suggesting that SGB should
be included in routine practice, even
when not strictly required for diagnostic
purposes (8). For these reasons, recent
studies have attempted to improve the
diagnostic accuracy of minor SGB. Van
Ginkel et al. investigated the diagnostic
capability of multiple histopathological
features in addition to FS, such as pre-
lymphoepithelial and lymphoepithelial
lesions (pre-LELs and LELSs), the rela-
tive increase in the number of immuno-
globulin G plasma cells (the so-called
‘plasma cell shift’) and the presence of
germinal centres (GCs) in 103 patients
with suspected SjD. The combination
of at least two of these histological fea-
tures was found to increase specificity
to 100% without significantly reduc-
ing sensitivity (from 82% to 79%) (9).
Furthermore, incorporating at least two
of these features into the ACR/EULAR
classification criteria (10), increased
specificity to 95% with only a minimal
reduction in sensitivity. A recent im-
munohistochemistry characterisation of
GCs (with Bcl-6 for B cells, D2-40 for
follicular dendritic cells, CD57 to label
follicular helper T lymphocytes and Ki-
67 to show cell proliferation) in minor
SGB of subjects with sicca syndrome
demonstrated that GCs can also be de-
picted in non-autoimmune conditions,
as in cases of chronic inflammation
(11). However, in SjD, GCs are larger,
more active and display stronger immu-
nological markers. Thus, markers like
D2-40 and CD57, alongside Bcl-6 and
Ki-67, can help better understand and
differentiate SjD from other conditions,
improving diagnostic accuracy (11).

All these histopathological changes
can be demonstrated in both the minor
and major SGs; however, it remains
unclear whether these changes occur
simultaneously in both gland types. To
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discern differences in the histological
characteristics between labial and pa-
rotid SGBs, Nakshbandi et al. concur-
rently biopsied both glands in patients
presenting with ocular and/or oral sicca
syndrome (12). Interestingly, both mi-
nor glands and the parotid gland ex-
hibited comparable histopathological
features concerning FS, GC, LELs and
plasma cell isotype, suggesting that
both glandular sites can be utilised for
SjD diagnosis and classification. Nev-
ertheless, minor SGs frequently dis-
play a greater percentage of lympho-
cytic infiltrates compared to parotid
glands, a phenomenon observed both
in SjD patients and in non-SjD sicca
syndrome subjects (12). Conversely,
parotid glands demonstrate enhanced
B lymphocyte hyper-reactivity in labial
glands (12). Beyond its role in diagno-
sis, minor SGB can also offer prog-
nostic insights. In this setting, patients
with a higher proportion of T lympho-
cytes within the lymphocytic infiltrates
appear to face a two-fold elevated risk
of experiencing severe disease flares
(6). Conversely, the number of B cells
and CD4+ T cells demonstrated a
weak, yet positive, correlation with im-
provements in the EULAR Sjogren’s
Syndrome Disease Activity Index (ES-
SDAI) over the follow-up (6).

Take home messages

e Tear cytokine profiling reveals a dis-
tinct pro-inflammatory signature in
SjD-DED (4).

e The use of chalazion forceps in mi-
nor SGB may improve patient out-
comes, reducing pain, bleeding and
healing time without compromising
diagnostic accuracy (5).

e Refinements in salivary gland histo-
pathology, such as incorporating addi-
tional features (pre-LELs, LELSs, plas-
ma cell shift, germinal centres) and
using immunohistochemical markers
(e.g. Bcl-6,D2-40,CD57,Ki-67), can
enhance the diagnostic specificity of
minor SGB for SjD (8, 10).

e A higher proportion of T cells in
minor SGB infiltrates is associated
with increased risk of disease flares,
supporting the potential prognostic
utility of biopsy-based immune pro-
filing (6).

Clinical and Experimental Rheumatology 2025
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Extra-glandular involvement

The complex pathogenetic background
of the disease may account, at least in
part, for the high heterogeneity of SjD
extra-glandular manifestations. Among
the most commonly affected extra-
glandular sites, involvement of pulmo-
nary system represents one of the most
frequent systemic manifestations, with
interstitial lung disease (ILD) being
one of the most severe complications.
A recent monocentric study conducted
on more than 400 SjD Italian patients
confirmed that ILD develops in ap-
proximately 9% of SjD patients (13).
Moreover, male sex, Raynaud’s phe-
nomenon and high disease activity at
baseline, particularly in the biological
domain, were identified as significant
risk factors for ILD development (13).
While ILD remains the most extensive-
ly explored pulmonary manifestation in
SjD, recent data have also shed light on
SjD-associated airway disease, which
can manifest as bronchiectasis, bron-
chiolitis or bronchial hyperreactivity. In
a study by Leudec et al., SjD-associated
airway disease was more frequently ob-
served in patients with high disease ac-
tivity, mainly in the biological domain,
and predominantly involving both
proximal and distal airways, with pro-
gressive extension observed in almost
41% of cases but without evolution to
ILD during follow-up (14).

Together with respiratory system, man-
ifestations related to peripheral and/or
central nervous system involvement
represent a major challenge in these
patients, due to the variable and non-
specific symptomatic appearance and
to the intrinsic diagnostic limits. In this
regard, previous case reports and case
series empirically described signs and
symptoms related to dysfunction of the
eighth cranial nerve. To deeper charac-
terise this association, Yang et al. used
the Taiwan’s National Health Insur-
ance Database to explore a retrospec-
tive cohort study of 20,266 individuals
with SjD and 60,798 matched controls
(15). The study confirmed that SjD are
characterised by a significant higher
prevalence of auditory and vestibular
disorders, including hearing loss, tin-
nitus, vertigo and sudden sensorineural
hearing loss, in comparison to controls,

suggesting that careful audio-vestibular
assessment may be considered in SjD
patients (15). Similarly, an area poorly
explored and limited to few literature
case reports is the possible association
between SjD and immune-mediated
thrombotic thrombocytopenic purpura
(iTTP). To overcome this issue, a recent
retrospective cohort study compared 30
iTTP-SjD patients to 65 SjD and 45
idiopathic iTTP patients. In comparison
to SjD cohort, iTTP-SjD patients were
predominantly female, with younger
age at SjD diagnosis and higher preva-
lence of anti-SSA and xerostomia, with
no differences on disease activity (16).
However, no significant differences in
terms of severity, prognosis or relapse
rates between iTTP-SjD and idiopathic
iTTP patients (16).

As a disease almost exclusively affect-
ing the female sex, SiD has a non-neg-
ligible impact on gynaecological and
obstetric health with potential effects
on hormonal balance, sexual and repro-
ductive function as well as pregnancy
and maternal-foetal well-being. A re-
cent meta-analysis aimed to explore
the impact of SjD on both maternal and
foetal outcomes during pregnancy dem-
onstrated an increased risk of different
adverse maternal outcomes, including
pregnancy hypertension, preeclampsia/
eclampsia, increased risk of thrombo-
embolic disease and premature rupture
of membranes and a higher likelihood
of caesarean section (17). Beyond ma-
ternal health, a significant higher in-
cidence of premature births, low birth
weight infants and overall lower live
births were also demonstrated (17). Im-
munological factors are recognised as
crucial contributors to female infertil-
ity, a connection that has garnered in-
creasing attention in recent years. Ex-
tensive research consistently highlights
a strong association between reproduc-
tive failures and autoimmune diseases.
A recent retrospective study assessed
the impact of SjD on oocyte and em-
bryo competence, ovarian reserve,
clinical and obstetric outcomes. Re-
searchers recruited 47 SjD patients and
141 controls undergoing in vitro ferti-
lisation/intracytoplasmic sperm injec-
tion (18). Compared to infertile women
without SjD, those with SjD had com-
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promised oocyte and embryo viability
and a reduced ovarian reserve, result-
ing in inferior IVF success rates. Ad-
ditionally, SjD patients demonstrated
compromised oocyte and embryo de-
velopment across key stages including
oocyte retrieval, maturation, embryo
cleavage and blastocyst formation (18).
Similarly, potential shared immune-
pathogenic mechanisms may underlie
the association between endometriosis
and different autoimmune diseases. A
population-based cohort study investi-
gated the association between endome-
triosis and SjD, revealing that patients
with endometriosis had a significantly
increased risk of developing SjD and,
conversely, patients with SjD showed a
significantly higher risk of developing
endometriosis (19). The risk of devel-
oping endometriosis in SjD patients
was lower in those receiving corticos-
teroids or oral contraceptives (19).
Comorbidities may significantly impact
the disease prognosis and long-term
management. In this setting, research
evidence confirmed the close associa-
tion between SjD and coeliac disease,
with a pooled prevalence of biopsy-
confirmed celiac disease in SjD patients
of about 6%, substantially higher than
in the general population (~0.7%) and
strongest in comparison to other system-
ic autoimmune disease (20). These find-
ings highlight a possible link between
the two diseases, likely driven by shared
genetic susceptibility, mucosal immune
dysregulation and systemic immune
activation. Moreover, the evidence of
gut microbiota dysbiosis in SjD, char-
acterised by an increased abundance
of pro-inflammatory bacteria (such as
Proteobacteria) and a depletion of anti-
inflammatory microbes, particularly
short-chain fatty acid (SCFA)-produc-
ing bacteria such as Ruminococcaceae,
Lachnospiraceae,  Faecalibacterium,
Butyricicoccus, and Eubacterium hallii,
reinforces the hypothesis that molecular
mimicry and antigens produced by the
gut microbiota may promote gut micro-
biota-mediated autoimmune and inflam-
matory activities and that dysbiosis may
play a key role in disease pathogenesis
and manifestations (21).
Cardiovascular (CV) comorbidity is
now considered an extra-glandular
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manifestation of the disease and a recent
meta-analysis of 19 observational stud-
ies comprising 1625 patients confirmed
its association with an increased risk
of subclinical atherosclerosis in com-
parison to healthy subjects (22). Inter-
estingly, disease duration and systemic
inflammation strongly contribute to this
risk (22). At molecular level, a prospec-
tive study on 199 SjD patients investi-
gated the potential role of microRNAs
(miRNAs) as biomarkers for atheroscle-
rosis in SjD (23). Significantly reduced
levels of endothelial-protective miR-
NAs, specifically miR-126-3p, miR-
143-3p, and miR-204-5p, were detected
in SjD patients and miR-92a, a miRNA
associated with cellular inflammation
and atherosclerosis, was found to corre-
late with increased carotid intima-media
thickness (23). However, despite CV
disease represents a major contributor
to adverse prognosis in these patients, a
retrospective observational study using
the US Nationwide Inpatient Sample
demonstrated that SjD patients hospi-
talised for acute myocardial infarction
exhibited significantly improved in-
hospital outcomes compared to matched
controls (24), in particular for lower risk
of in-hospital mortality, cardiogenic
shock and cardiac dysrhythmias. The
findings, while counterintuitive, deserve
deeper analysis and may reflect closer
medical surveillance, better chronic dis-
ease management and the potential CV
benefit of immunomodulatory therapies
used in this population (24). However,
despite a global favourable survival rate
(98.2% at 5 years, 93.8% at 10 years),
with deaths mainly attributed to comor-
bidities, primarily circulatory disease,
malignancy and infections, ILD and
pulmonary arterial hypertension repre-
sent disease-specific causes of increased
mortality which require strict awareness
(25, 26). Male sex, glucocorticoid use,
high disease activity and organ damage,
particularly interstitial fibrosis, emerged
as significant predictors of mortality
(26).

Surely, the average diagnostic latency
of about 6 years and the variable dis-
ease clinical expression significantly
contribute to the failure of current di-
agnostic and therapeutic approaches in
capturing this complexity (27). In this

context, patient stratification may im-
prove disease understanding and guide
personalised management. In recent
period, the identification of different
clusters of the disease, characterised by
peculiar and distinct disease activity, au-
toantibody profiles, organ involvement
and blood transcriptomic signatures, al-
lowed to unveil clinical and molecular
disparities and distinct pathobiological
endotypes (28). These findings, which
require further validation through tissue
analysis, underscore the importance of
precision medicine in improving patient
outcomes.

Take home messages

* Male sex, Raynaud’s phenomenon
and high disease activity at baseline,
particularly in the biological domain,
are risk factors for ILD development
in SjD (13).

* Auditory and vestibular disorders are
significantly more prevalent in SjD,
highlighting awareness about possi-
ble eighth cranial nerve involvement
in these patients (15).

e SjD significantly impacts female re-
productive health, being associated
with adverse pregnancy outcomes,
increased risk of infertility due to
impaired oocyte and embryo viabil-
ity, and a bidirectional link with en-
dometriosis (17-19).

e Despite an increased cardiovascular
risk, partly driven by pro-atherogenic
microRNAs, patients with SjD hospi-
talised for AMI demonstrate favour-
able in-hospital outcomes, probably
reflecting closer problem awareness
(24).

e While long-term survival in primary
SjD remains high, all-cause mortal-
ity is increased, primarily driven by
comorbid conditions and severe or-
gan involvement, with specific clin-
ical and serologic predictors identi-
fying high-risk patients (26).

New insights in

lymphoproliferative risk

Lymphoma is a major complication
and a leading cause of mortality in SjD
(29). Over the past year, most literature
focused on the use of patient clustering
approaches to identify biomarkers pre-
dictive of lymphoproliferative compli-
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cations and to facilitate their early detec-
tion. Additional insights have addressed
the ongoing challenges in lymphoma
diagnosis and the therapeutic manage-
ment of SjD-associated lymphomas.

Epidemiology and patient
clusterisation

The association between SjD and the
risk of non-Hodgkin’s lymphoma
(NHL) was confirmed in a systematic
review and meta-analysis of 15 stud-
ies, encompassing a total of 50,308
subjects over a time span from 1997 to
2023. By combining risk measures and
assessing heterogeneity, the Authors
confirm a statistically significant rela-
tionship between SjD and NHL [8.78
(95% CI1 5.51, 13.99)], further detailed
using SIR [10.50 (95% CI 7, 15.75)],
HR [2.82 (95% CI 1.28,6.18)], and OR
[10.50 (95% CI 3.04,36.28)]. NHL risk
decreased with age progression (30).
Building on the well-established link
between SjD and lymphomagenesis,
the development of an effective pa-
tient stratification strategy to enhance
diagnosis, guide management, and
enable disease-modifying interven-
tions remains one of the most press-
ing unmet needs in the field. In the last
year, researchers have focused on the
identification of distinct subgroups of
SjD patients, applying cluster analysis
based on subjective symptoms, clini-
cal and biological manifestations, and
comparing the prognoses across these
subgroups. In this setting, a recent hier-
archical cluster analysis applied to 534
patients form the Paris-Saclay cohort
and to 395 patients from the ASSESS
cohort revealed 3 distinct clusters of
patients: those with B-cell active dis-
ease and low symptom burden (BALS);
those with high systemic disease activ-
ity (HSA); those low systemic disease
activity and high symptom burden
(LSAHS) (31). Notably, incident lym-
phomas occurred exclusively in the
BALS (3% of patients, diagnosed a me-
dian of 70 months after inclusion) and
the HSA clusters (4% of patients, diag-
nosed a median of 23 months after in-
clusion), over a 15 year follow up. The
later occurrence of lymphoma in BALS
cluster than in the HAS cluster, togeth-
er with the delayed onset of systemic
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symptoms, supports the interpretation
of the BALS cluster as an earlier stage
of the disease, potentially progressing
towards a more systemic phenotype
(HAS) (31).

Novel and traditional predictive
biomarkers of lymphomagenesis

These differences in symptom evolution
and in lymphoproliferative risk suggest
underlying heterogeneous pathophysi-
ologic mechanisms, including biomark-
ers predictors of lymphoma risk. In the
ASSESS cohort, all lymphoma in the
BALS cluster occurred in the presence
of high INF signature, supporting its
role as novel predictive biomarker (32).
In a recent analysis of a harmonised
dataset of SjD patients, rheumatoid fac-
tor (RF) was the earliest and most per-
sistent independent predictor of MALT
lymphoma (33). Moreover, a high level
of disease activity, primarily driven by
B cell related manifestations such as
cryoglobulinaemia and glandular, cuta-
neous and haematological involvement,
was observed earlier after SjD diagno-
sis, stimulating the clinicians to care-
fully consider these parameters during
patients follow up (33).

To investigate other novel potential pre-
dictors of lymphoma, the expression of
miR-155, BAFF-R, and IL-6R was as-
sessed in baseline labial salivary gland
biopsies from 24 SjD patients (5 of
whom developed NHL during follow-
up) and 20 sicca controls. miR-155 was
upregulated in SjD patients, particularly
in cases of NHL development. Notably,
IL-6R and BAFF-R levels positively
correlated with miR-155 expression,
supporting a potential role of this axis
in B-cell activation and lymphoprolif-
erative evolution in SjD (34). Finally,
IgG Fc Glycosylation has emerged as
another possible predictor of disease
activity and lymphoproliferative risk
in SjD. In the Belgian BeSSTT cohort,
lower serum IgG Fc sialyation and
galactosylation levels were inversely
associated with markers of B cell hy-
peractivation (e.g. RF, IgG, IgA, B2-
microglobulin, and hypergammaglob-
ulinaemia). Reduced glycosylation was
also linked to more severe autoantibody
profiles, particularly in triple-positive
anti-Ro52/Ro60/SSB+ patients, and

to more severe salivary gland involve-
ment (higher Hocevar ultrasonography
scores, FS=1, increased CD20/CD3
ratios, presence of follicular dendritic
cells) (35).

Challenges in lymphoma diagnosis
Although the previous findings are
promising and may enhance our ability
to predict lymphoproliferative compli-
cations in SjD, other Authors generally
caution that the retrospective design of
the studies, and lack of uniform diag-
nostic criteria of lymphoma may con-
strain the ability to draw definitive or
broadly applicable conclusions on this
matter (36).

In fact, lymphoproliferation in SjD rep-
resents an intrinsic, continuous, and
progressive process, making the diag-
nosis of lymphoma particularly chal-
lenging. In this context, there is grow-
ing interest in identifying laboratory
and histological features that may en-
hance diagnostic accuracy. In this last
year, reports mainly supported the value
of FCRL4 B cells and clonal IGH, IGK
and IGL gene rearrangement detection
as possible diagnostic positive markers
for MALT lymphoma, useful to differ-
entiate between other lymphoprolifera-
tive stages (36, 37).

While the repetitive screening ultra-
sounds (US) of major SGs and neck
in asymptomatic patients has a limited
role in detecting lymphoproliferative
lesions by imaging nor specific SGUS
features (e.g. SGUS scores, elementary
lesions) may be detected during the im-
aging evaluation (38), a cross-sectional
study of 57 SjD patients undergoing
parotid biopsy for clinical indication
evaluated the utility of SGUS (specifi-
cally Hogevar and OMERACT) as ad-
junctive tools for lymphoma detection
(39). While none of both scores effec-
tively identified established lymphoma,
regression analysis revealed significant
associations between higher SGUS
scores and histopathological markers of
lymphoproliferative risk (e.g. lymphoe-
pithelial lesions, elevated focus scores)
in patients without lymphoma. These
findings support the prognostic rather
than diagnostic value of SGUS in SjD
and highlight the need for prospective
validation (39).
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Evidence on the therapeutic
management of lymphoma in SjD
Evidence-based reports focused on
management of SjD associated lym-
phoma or at higher lymphoproliferative
risks, offering interesting insights on the
importance of choosing the appropri-
ate therapeutic approach. A multicen-
tre, retrospective observational study
involving 106 SjD patients with lym-
phoma assessed treatment outcomes
in terms of progression-free survival,
new systemic disease activity and over-
all survival (40). In the marginal zone
lymphoma subtype, first line systemic
treatment was the most common choice
over localised treatment and ‘watch
and wait’ approach (61% vs. 13% vs.
23%). Of note, patients with systemic
treatment at lymphoma diagnosis had
a reduced risk of new SjD activity. In
a 7-year follow up, lymphoma-pro-
gression-free survival was improved
in patients treated with combination
therapy (chemotherapy plus anti CD20
vs. monotherapy), while no differences
in new SjD systemic activity or overall
survival according to combination ther-
apy or monotherapy were reported (40).
Of note, the efficacy of obinutuzumab
in 13 SjD patients immunised against
rituximab (RTX) was recently reported.
In the patient of the cohort complicated
by MALT lymphoma obinutuzumab
in association with bendamustin al-
lowed complete haematological, rheu-
matological and radiological response
at 6 months (41). However, prolonged
maintenance with anti-CD20 RTX re-
sulted more effective in comparison
to other immunosuppressive therapy,
delayed and/or on demand RTX treat-
ment.in cutaneous, peripheral nervous
system and articular manifestation in
a monocentric cohort of SjD patients
with cryoglobulinaemic vasculitis (42).
Nonetheless, lymphoproliferative-relat-
ed ESSDAI domains showed more lim-
ited improvement, and no difference in
NHL occurrence was noted in a 10-year
follow up (42).

To date, no clinical trial has specifi-
cally targeted SjD patients with estab-
lished lymphoma. Nonetheless, prom-
ising evidence has emerged from a re-
cent phase 2 trials of novel biological
agents, which, beyond meeting their
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primary endpoints, have demonstrated
favourable effects on B cell-related
immunological activity, a key driver
of lymphoproliferation in SjD. Dazo-
dalibep, an anti-CD40L agent, signifi-
cantly reduced levels of CXCL13 and
RF (43). Iscalimab, an anti-CD40 mon-
oclonal antibody, significantly reduced
CXCLI13 and serum free light chains
(44). Telitacicept, a recombinant fusion
protein targeting BLyS and APRIL, de-
creased immunoglobulin levels while
increasing serum C4 (45). Remibrutin-
ib, a Bruton’s tyrosine kinase (BTK) in-
hibitor, consistently lowered CXCL13
and disease-related autoantibody titres
and favourably modulated IgG and IgM
levels. Additionally, transcriptomic and
proteomic analyses revealed that remi-
brutinib downregulated genes involved
in immunoglobulin production and B
cell activation (e.g. FCLRS5, SOXS,
SYNPO, TNFRSF17), as well as pro-
teins implicated in B cell activation, T
cell co-stimulation, and inflammatory
responses (e.g. FCLR4, FCER2) (46).
These findings underscore the need to
improve the management of lymphoma
in SjD, beginning with the standardi-
sation of clinical activity and relapse
assessment specific to SjD-associat-
ed lymphomas. Equally important is
the selection of the most appropriate
therapeutic regimen, tailored to the pa-
tient’s biological and clinical profile.
In parallel, ongoing research should
focus on strategies to delay or prevent
lymphoproliferative evolution, a key
feature of the disease. Long-term fol-
low-up and further studies are essen-
tial to clarify the efficacy of emerging
therapeutic agents in modulating lym-
phoproliferation in SjD.

Take home messages

* Recent clustering approaches (e.g.
BALS and HSA clusters) identify pa-
tient subgroups with distinct immu-
nological profiles and lymphoma risk
(31).

e Biomarkers such as RF, miR-155,
CXCL13, and Fc glycosylation pro-
files provide early predictive signals
of lymphoproliferative evolution (34,
35).

* SGUS, especially Hocevar and
OMERACT scores, shows limited

specificity for lymphoma diagnosis.
However, they may reflect histologi-
cal changes in patients at high risk,
supporting its prognostic utility in
longitudinal monitoring (39).

e Systemic therapy at diagnosis and
combination regimens (anti-CD20+
chemotherapy) improve progression-
free survival (40).

e Early rituximab induction and main-
tenance in cryoglobulinaemic vas-
culitis-SjD is more effective than
delayed regimens in lowering sys-
temic activity, but not in preventing
lymphoma development (42).

¢ Novel biologics, such as dazodalibep,
iscalimab, telitacicept, and remibruti-
nib, modulate key lymphoma-related
pathways (e.g. CXCL13, IgG/IgM,
BAFF/APRIL, IFN signature) and
represent promising tools for future
prevention and intervention strate-
gies (43-46).

The role of imaging in SjD:

an update

Salivary gland ultrasonography:

the cornerstone of SjD imaging

The most substantial body of evidence
concerns SGUS, which has been estab-
lished as a central tool in the diagno-
sis of SjD. Multiple studies have con-
firmed the high diagnostic accuracy
of grayscale SGUS (47, 48). A recent
meta-analysis reported a sensitivity of
0.86 (95%CI: 0.74-0.92) and speci-
ficity of 0.87 (95% CI: 0.81-0.92) for
the predictive value of SGUS com-
pared with labial SGB as the reference
standard (49). Construct validity of the
OMERACT semi-quantitative scoring
system was further evaluated by com-
paring SGUS with magnetic resonance
imaging (MRI) and unstimulated whole
salivary flow rates (U-WSFRs) in 11
patients with SjD. Agreement between
OMERACT SGUS (applied by 9 so-
nographers) and MRI scores (evalu-
ated by 2 radiologist) ranged from 73-
91% (median 82%) in the right parotid
gland (PG) and 73-91% (median 91%)
in the left PG, while lower agreement
was noted in the submandibular glands
(SMG). Examination of hyposalivation
in relation to SGUS scores =2 showed
agreement rates of 91-100% (me-
dian 83%) for PGs and 55-91% (me-
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dian 67%) for SMGs. This moderate to
strong agreement of OMERACT SGUS
with MRI findings and the presence of
hyposalivation supported its construct
validity (50).

Incorporating SGUS into the 2016
ACR/EULAR classification criteria ex-
tends the diagnostic options in patients
suspected with SjD. In a large retrospec-
tive cohort of 419 patients from the di-
agnostic trajectory, ROC analysis of the
highest SGUS OMERACT score per
patient (range 0-3) demonstrated good
accuracy (AUC 0.85) to predict clinical
diagnosis of SjD, comparable to the to-
tal OMERACT (range 0-12; AUC 0.87)
and Hocevar scores (range 0-48; AUC
0.8). When incorporating the highest
SGUS OMERACT score (cut-off >2) as
additional item in the ACR/EULAR cri-
teria, the accuracy remained excellent
(AUC 0.97), with sensitivity of 96.4%
and specificity of 86.5% (51).
Moreover, SGUS can differentiate SjD
from other causes of sicca symptoms.
SGUS findings between 34 patients
with SjD and 34 patients with diabetes
mellitus with sicca were compared in
a total of 272 glands. SjD patients had
significantly higher SGUS scores than
diabetes mellitus patients using both
the Hocevar (20.93+9.65 vs. 3.82+3.71;
p<0.05) and OMERACT scoring
systems (5.96+£2.30 wvs. 2.07+1.65;
p<0.05). In SjD patients, bilateral sub-
mandibular glands were significantly
more commonly involved than the ip-
silateral parotid glands. Contrarily, in
diabetic patients with sicca, the parotid
glands were significantly affected more
than the submandibular glands (52).
Similarly, a nomogram based on SGUS
demonstrated favourable predictive
performance in differentiating im-
munoglobulin  G4-related sialadeni-
tis (IgG4-RS) from SjD. The LASSO
regression algorithm was applied to
identify the most relevant clinical fea-
tures and SGUS parameters. The final
model incorporated clinical variables
(sex, xerostomia and salivary gland en-
largement) together with SGUS scoring
parameters (parotid and submandibu-
lar gland US scores). This nomogram
achieved excellent discriminatory abil-
ity, with AUCs of 0.95 in the training
cohort and 0.96 in the validation cohort.
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Decision curve analysis further con-
firmed its clinical utility (53).
Reliability exercises have also demon-
strated the reproducibility of SGUS.
With standardised training, including
web-based modules, 14 sonographers
achieved good inter- and intra-observer
agreement for SGUS using greyscale
imaging (B-mode). Among less expe-
rienced sonographers, reliability was
moderate to almost perfect for homo-
geneity, fair to moderate for OMER-
ACT scoring, and fair to almost perfect
for binary OMERACT scoring. Inter-
reader reliability between highly expe-
rienced ultrasonographers was almost
perfect for homogeneity, substantial
for diagnosis, moderate for OMER-
ACT scoring, and substantial for binary
OMERACT (54).

Another study analysed the intra-ob-
server and inter-observer reliability of
colour Doppler (CD) SGUS performed
by two experienced observers, one less-
er experienced resident and one inexpe-
rienced trainee in 100 patients clinically
suspected for SjD. The study showed
that intra-observer weighted Cohen’s
kappa’s of individual glands ranged
from 0.23 (inexperienced observer) to
0.81 (experienced observer). Intraclass
correlation coefficients (ICCs) for in-
tra-observer reliability of the total CD
score ranged from 0.53 (inexperienced
observer) to 0.90 (experienced observ-
er). The ICC for intra-observer reliabil-
ity of live scoring compared to static
images was 0.72. ICCs for inter-ob-
server reliability of the total CD score
were 0.81 for session 1 and 0.71 for ses-
sion 2. The authors concluded that CD
SGUS is a reliable imaging technique
to visualise intraparenchymal vascula-
ture in patients suspected of SjD, being
a potential asset in daily clinical prac-
tice but requiring experience and prior
training (55).

Beyond diagnosis, SGUS showed rel-
evant associations with clinical and
biological markers in 112 patients with
SjD. Hocevar score correlated inverse-
ly with unstimulated whole salivary
flow and positively with inflamma-
tory biomarkers, including IL-6 and f32-
microglobulin. SGUS findings also cor-
related strongly with ESSDAI and focus
scores (56).

A stratification model for staging sali-
vary gland hypofunction using SGUS
was proposed by Huang er al. (57).
Low total OMERACT scores (<5) in-
dicated early-stage dysfunction, while
high scores (>9) suggested end-stage
disease. Intermediate scores (5-9) re-
quired further stratification with total
gland scores. Patients with early-stage
disease demonstrated significantly low-
er rates of lacrimal gland involvement
and hypergammaglobulinaemia com-
pared with more advanced stages.

In the context of lymphoma detection,
the current SGUS scores were not able
to identify lymphoma in 57 SjD patients
with high clinical suspicion. However,
regression analyses in high-risk patients
without lymphoma diagnosis revealed
significant associations between SGUS
scores and advanced histopathological
features, including lymphoepithelial
lesions and focus scores, suggesting
potential prognostic applications for
SGUS beyond diagnosis (39).

Ultrasound elastography:

quantifying tissue stiffness

Ultrasound elastography (USE) has
emerged as a valuable complement to
B-mode SGUS, as it enables quantita-
tive assessment of tissue stiffness. In
a recent meta-analysis, USE demon-
strated a pooled sensitivity of 0.80 (95%
CI: 0.71-0.87) and specificity of 0.87
(95% CI: 0.78-0.92) for the diagnosis
of SjD. Meta-regression and subgroup
analyses identified shear wave elastog-
raphy technique, measurement site and
patient age as significant contributors
to study heterogeneity, with diagnostic
performance being notably higher in
patients aged <51 years compared to
patients aged >51 years (58). Consist-
ently, a systematic review confirmed the
high diagnostic accuracy of USE when
comparing patients with SjD to healthy
controls (59).

Of note, the utility of USE in distin-
guishing patients with SjD from healthy
individuals was confirmed in a recent
study while no statistically significant
difference was observed between iso-
lated SjD and associated SjD groups
(60). In this study the diagnostic perfor-
mance of SGUS alone yielded an AUC
of 0.82 (95% CI: 0.73-0.89). When
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SGUS scores were combined with USE
values, diagnostic accuracy was slightly
enhanced (AUC: 0.88, 95% CI: 0.80—
0.94).

Lastly, USE has been investigated as
a potential tool for stratifying SjD pa-
tients. In one study, 134 patients were
evaluated and classified into four
groups based on anti-centromere an-
tibody (ACA) and anti-SSA antibody
(SSA) status: ACA*/SSA*, ACA*/
SSA-, ACA/SSA*, and seronegative.
In the double-positive group (ACA*/
SSA*), USE demonstrated fewer mi-
nor salivary glands, along with sig-
nificantly higher mean (Emean) and
maximum (Emax) values of Young’s
modulus compared to ACA-negative
groups. Clinically, ACA-positive pa-
tients exhibited increased frequencies
of Raynaud’s phenomenon, hepatic
involvement and a higher incidence of
malignancy. These findings suggest that
ACA-positive patients display greater
salivary gland stiffness on USE, reflect-
ing more extensive glandular fibrosis
and involvement (61).

Advanced and cross-sectional
imaging: MRI and scintigraphy
Several additional imaging modalities
provide detailed morphological and
functional insights into salivary gland
involvement in SjD. A nomogram incor-
porating SGUS, MRI and MR sialog-
raphy (MRS) was developed to guide
decisions regarding labial SGB in 181
suspected SjD subjects. In the training
cohort, SGUS, MRI, and MRS scores
were significantly higher in LSGB-
positive than LSGB-negative patients
(all p<0.001). The positive predictive
value was 91% for an SGUS score of 3
and 82% for MRI and MRS scores =2.
The nomogram demonstrated excellent
discrimination (C-index =0.94) and
good calibration (Hosmer-Lemeshow
¥2=3.17, p=0.92) for the prediction of
LSGB results (62).

In a recent study, the diagnostic utility
of machine learning models based on
MRI radiomics for detecting early pa-
rotid gland injury was evaluated in 164
SjD patients and 82 healthy controls.
Radiomics is the extraction and analy-
sis of quantitative, high-dimensional
data from medical images (like CT,
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MRI, and PET) to uncover patterns not
visible to the naked eye. This data, in
the form of radiomic features describ-
ing shape, texture and intensity, is used
with artificial intelligence to improve
disease diagnosis, predict treatment
response and guide personalised ther-
apy. A radiomics score (Radscore) was
developed demonstrating significant
differences between SjD patients and
healthy controls. Compared to Rad-
score alone, the inclusion of machine
learning models significantly improved
the diagnostic performance for early
pSS parotid gland damage (63).
Finally, the diagnostic value of scintig-
raphy was evaluated in a retrospective
study of 142 sicca syndrome patients.
Significant correlations of scintigraphy
were found with USFR and lymphocyt-
ic infiltration on labial SGB. Incorpo-
ration of scintigraphy parameters into
the 2016 ACR-EULAR classification
criteria improved the diagnostic perfor-
mance to distinguish SjD from non-SjD
sicca, increasing the AUC from 0.93 to
0.95 (64).

Lacrimal gland ultrasound

The role of lacrimal gland imaging in
SjD has received increasing attention,
although its clinical utility remains un-
certain. A recent systematic review and
meta-analysis highlighted insufficient
and heterogeneous evidence regard-
ing the predictive value of radiological
techniques for lacrimal gland involve-
ment. Across 6 lacrimal gland ultra-
sonography (LGUS) and 3 lacrimal
gland MRI (LGMRI) studies, affected
glands consistently exhibited struc-
tural heterogeneity (65). On LGUS,
glandular heterogeneity was associ-
ated with a markedly increased likeli-
hood of involvement (OR:6.18; 95%
CI: 3.31-11.55), whereas glandular
hyper-echogenicity was not discrimina-
tory. Data were insufficient to evaluate
gland size, hypoechoic areas, fibrous
bands or vascular parameters. LGMRI
studies reported reduced apparent dif-
fusion coefficients and heterogeneity
as characteristic findings, though cor-
relations with clinical features such as
dry eye and Schirmer test values were
inconsistent (65). In contrast, a separate
systematic review and meta-analysis

examining USE of lacrimal glands
demonstrated superior diagnostic per-
formance in diagnosing SjD (66). USE
achieved a pooled sensitivity of 0.88
(95% CI: 0.77-0.94), specificity of 0.94
(95% CI: 0.88-0.98), and an AUC of
0.97 (95% CI: 0.95-0.98) (66).

Take home message

e SGUS has high diagnostic accuracy
for SjD in daily clinical practice (47,
48).

e With standardised training and ex-
perience, grey-scale and CD SGUS
show good inter- and intra-observer
reliability, supporting its use as a re-
liable imaging tool in routine clinical
practice (55).

e SGUS correlates with salivary flow,
inflammatory biomarkers, systemic
disease activity, and histopathology,
offering clinically relevant insights
and staging potential (56).

* USE enhances SGUS by quantifying
gland stiffness with high diagnostic
accuracy, particularly in younger pa-
tients, and demonstrates that ACA-
positive patients exhibit greater fi-
brosis and glandular involvement
(59-61).

e MRI radiomics and scintigraphy,
enhanced by machine learning, can
provide additional structural and
functional information and improve
diagnostic accuracy (63, 64).

e While LGUS and LGMRI primarily
provide structural insights, USE may
deliver superior diagnostic accuracy
for detecting lacrimal gland involve-
ment in SjD (66).

Update on the treatment

of Sjogren’s disease
Immunosuppressants

Despite a plethora of advancements
in the treatment of many autoimmune
diseases, SjD remains obstinately im-
mune to any disease modifying thera-
pies, leaving patients feeling helpless,
healthcare providers challenged, and
the healthcare system burdened eco-
nomically. This resistance stems, in part
from: i) the complex and only partially
understood pathogenesis, which com-
plicates drug development targets, ii)
the wide heterogeneity in clinical phe-
notypes posing challenges in identify-
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ing appropriate patient subgroups and
selecting optimal clinical trial designs
and outcome measures iii) the difficulty
in interpreting treatment efficacy using
standardised indices. Nonetheless, in
recent years, significant progress has
been made in addressing each of these
challenges, bringing us closer to cut-
ting through this long-standing Gordian
knot. Positive results in ongoing phase
IIT clinical studies will most probably
signal the official authorisation of the
first approved therapy for SjD in the
near future. In this exciting new era,
emerging therapies primarily, target-
ing B cells and their interactions with T
cells, hold particular promise and war-
rant close monitoring (67).

Targeting B cells

B cell hyperactivity and dysregula-
tion are hallmark features of SjD, as
evidenced by an enriched autoantibody
profile, likely driven locally, at sites of
tissue damage through the formation
of ectopic germinal centres. Conse-
quently, B cell targeting therapies have
been at the forefront of our treatment
plans. B cells can be targeted through
three primary mechanisms: (i) the se-
lective elimination of specific B cell
subsets; (ii) the functional inactiva-
tion of B cells; and (iii) the inhibition
of cytokines critical for B cell activa-
tion, function, survival, and prolifera-
tion. Among the available therapies, the
most extensive clinical experience has
been gained with RTX (67). Although
rituximab failed to meet its primary
endpoints in the two largest randomised
controlled trials (RCTs), the TEARS
and TRACTISS trials, which adminis-
tered one and two cycles of rituximab,
respectively, it remains the cornerstone
of treatment for patients with severe
extra-glandular manifestations and
systemic disease, as endorsed by cur-
rent clinical guidelines (68). However,
reanalysis of these trials using newer
outcome measures, specifically, the
Composite of Relevant Endpoints for
Sjogren’s Syndrome (CRESS) and the
Sjogren Tool for Assessing Response
(STAR), revealed significantly higher
response rates among RTX-treated pa-
tients compared placebo and patients
classified as responders by STAR ex-
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hibited significantly higher baseline
levels CXCXL13, IL-22, IL-17A,
IL-17F, and TNF-a while CRESS re-
sponse was more strongly associated
with biomarkers reflective of salivary
gland immunopathology (69). One of
the main reasons for the loss of effi-
cacy with RTX is the development of
anti-drug antibodies. In cases of anti-
RTX immunisation, obinutuzumab, a
glycoengineered humanised anti-CD20
monoclonal antibody with enhanced
antibody-dependent cellular cytotox-
icity (ADCC), can be included in the
therapeutic armamentarium for SjD,
as recently demonstrated in 13 SjD pa-
tients with systemic complications (41).
In the treatment of refractory autoim-
mune diseases, an increasingly promis-
ing approach is the broader and deeper
depletion using CD19 CAR T-cell ther-
apies (70). However, their application
in SjD has so far been limited, likely
due to concerns about potential severe
adverse effects and the observation that
SS-A/Ro antibody levels often remain
stable even after CD19-targeted CAR
T-cell therapy (71). To date, CD19 CAR
T-cell therapy for SjD has only been ex-
plored in a case of disease-associated
aggressive lymphoma, where encour-
aging outcomes have also coincided
with improvement in underlying dis-
ease activity (72). A similar therapeutic
benefit was observed in a case report
involving a patient with AQP4-IgG-se-
ropositive refractory neuromyelitis op-
tica spectrum disorder, coexisting SjD,
and immune pancytopenia by treatment
with a novel humanised monoclonal an-
tibody targeting CD19 (73). Of particu-
lar promise for SjD are bispecific T-cell
engagers targeting BCMA, which may
offer a safer and more effective alterna-
tive by circumventing some of the chal-
lenges mentioned previously. Notably,
in the past year, teclistamab, a bispe-
cific antibody targeting both BCMA
and CD3, was administered to a patient
with severe, treatment-refractory SjD.
This resulted in a substantial clini-
cal response, with ESSDAI score im-
proving from 34 to 15 (74). However,
as these findings are currently limited
to single case reports, substantial and
rigorous clinical research is required
before any of these therapies can be

considered suitable treatment options
for the disease.

The second strategy for addressing B
cell hyperactivity is through functional
impairment. This approach underpinned
the rationale for evaluating remibruti-
nib, a BTK inhibitor, in a randomised,
double-blind, placebo-controlled phase
2 trial for SjD (46). BTK plays a pivotal
role in B cell receptor signalling and the
activation of Fc receptors for IgG and
IgE. Its inhibition also exerts modula-
tory effects on macrophages and mast
cells, thereby not only inactivating B
cells but also altering the inflammatory
microenvironment in a way that may
be therapeutically beneficial. In this
relatively small trial (approximately
25 patients per arm), the primary end-
point of change in the ESSDAI from
baseline to week 24 was met (the same
was observed using the STAR com-
posite index). However, no significant
changes were detected in the ESSPRI
nor was there an increase in salivary
flow. In addition, a dose-dependent
analysis was not performed, leaving it
unclear whether the observed benefits
were driven by the high-dose or low-
dose remibrutinib group. Safety wise
remibrutinib was well tolerated and not
associated with significant concerns, in-
cluding liver enzyme elevations, which
have been observed with other BKTis.
The third strategy for targeting B cells
involves the inhibition of soluble troph-
ic factors essential for B cell survival.
In this context, a phase II randomised,
double-blind, placebo-controlled trial
evaluated the efficacy and safety of teli-
tacicept a fusion protein that binds to the
extracellular BLyS/APRIL-binding do-
main of the TACI receptor. By doing so,
telitacicept simultaneously inhibits both
BAFF and APRIL, two key survival
factors for B cells. The study was limit-
ed in size, with only 14 patients enrolled
per arm. Interestingly, clinical ben-
efit was observed only in the low-dose
telitacicept group, while the high-dose
group did not demonstrate significant
improvement compared to placebo (45).

Disrupting B and T-cell collaboration

Even though the backbone of most
therapeutic strategies tested for SjD
have focused solely on B targeting, in-
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creasing attention has been directed in
recent years toward the critical interplay
between B and T cells, a process that, in
SjD, appears to occur locally at the site
of the aberrant autoimmune response,
within the salivary glands (75). This bi-
directional interaction extends beyond
humoral immunity to cellular pathways,
as evidenced by the role of CD40-
expressing antigen-presenting cells in
promoting T cell activation. Disrupting
this pathogenic dialogue by targeting
the CD40/CD40L signalling pathway
emerged as a major focus of clinical re-
search in SjD over the past year.

Two large and successful phase II stud-
ies targeting the CD40-CD40L axis
from opposite ends were published in
2024, marking a paradigm shift in the
clinical research landscape of SjD (43,
44).Dazodalibep, a non-antibody fusion
protein that functions as a CD40L an-
tagonist, and iscalimab, an Fc-silenced,
fully human anti-CD40 monoclonal
antibody, both demonstrated promising
efficacy. Both trials were large, enroll-
ing approximately 200 patients in the
dazodalibep study and nearly 300 in
the iscalimab trial. Additionally, a new
study design was implemented allow-
ing the inclusion of patients with high
systemic disease activity and also those
with low activity but a high symptom
burden. This so-called ‘umbrella study’
design is particularly well-suited to
heterogeneous conditions like SjD, de-
signed to assess the efficacy of a treat-
ment across multiple, mutually exclu-
sive subgroups within a single disease.
However, it is important to note that
patients with low symptom burden and
low disease activity were not included
in these trials. Therefore, the findings
cannot be generalised to this subgroup.
In the high disease activity cohort (ES-
SDAI =5), both the iscalimab and dazo-
dalibep trials demonstrated significant
improvements in systemic disease ac-
tivity. In the iscalimab trial, statistically
and clinically meaningful reductions
in ESSDAI scores were observed at
doses of 150 mg and 600 mg (p<0.005)
compared to placebo, while the 300 mg
group showed a non-significant trend
toward improvement (44). Similarly, in
the dazodalibep trial, the mean change
in ESSDAI from baseline in DAZ-treat-
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ed participants was -6.3 0.6, compared
with -4.1£0.6 in the placebo group,
resulting in a least-squares (LS) mean
difference of -2.2+0.9 (p=0.0167) (43).
Notably, in the second cohort, compris-
ing patients with low systemic activity
(ESSDAI <5) but high symptom burden
(ESSPRI =5), dazodalibep also yielded
clinically significant benefits. The
change from baseline in the ESSPRI
total score was -1.8+0.2 in the treat-
ment group compared with -0.5+0.2
in the placebo group, corresponding
to an LS mean difference of -1.3+0.3
(»=0.0002). All domains of the ESSPRI
(dryness, fatigue and pain) showed a
similar decrease.

Focusing on T cells

Efforts to disrupt T cell activation in
SjD have been explored through vari-
ous approaches (76), with the most
comprehensive and systematic at-
tempts centred around abatacept. How-
ever, despite its mechanistic rationale,
abatacept failed to demonstrate clinical
efficacy in previous large randomised
controlled trials. Moreover, it did not
show any improvement at the histologi-
cal level, only affecting the numbers of
IgA plasma cells in the salivary gland
tissue (77). An alternative strategy in-
volves harnessing the regulatory prop-
erties of T cells. In this context, Lor-
enzon et al. conducted an open-label,
phase 2a basket trial involving patients
with 13 different autoimmune diseases,
including SjD, to assess the effects of
low-dose IL-2, a cytokine known to
promote the expansion and activation
of regulatory T cells (Tregs). In the 10
patients with SjD, IL-2 therapy led to
a measurable increase in Treg numbers
and activation status, accompanied by
a trend toward improvement in both
ESSDAI and ESSPRI scores (78).

Management of glandular dryness

Until any of the promising treatments
currently under investigation proves its
efficacy and effectiveness in SjD, the
cornerstone of management remains
the alleviation of dryness symptoms
through systemic or topical therapies.
Two muscarinic receptor agonists, pilo-
carpine and cevimeline, are licensed for
the treatment of oral dryness, although

only pilocarpine has global regulatory
approval. A recent meta-analysis includ-
ing 383 patients from eight randomised
controlled trials evaluating pilocarpine
confirmed significant improvement in
oral mucosal dryness (79). However,
ocular outcomes were mixed: while
improvements were observed in the
Bijsterveld’s score and fluorescein 1%
staining, no statistically significant ben-
efits were seen in Schirmer’s test or tear
film breakup time (79). Similarly, an-
other meta-analysis evaluating the effi-
cacy of cevimeline, which included 302
patients from three RCTs, demonstrated
benefits for oral dryness, however out-
comes for ocular parameters were not
reported (80).

Another agent with antioxidant, anti-
inflammatory, and mucolytic proper-
ties, N-acetylcysteine, used anecdotally
for the treatment of dryness symptoms
in SjD, was evaluated in a double-blind,
placebo-controlled trial involving 60
patients, but failed to show any benefit
in either objective or subjective meas-
ures (81). Additionally, when it comes
to topical treatments for ocular dryness,
both autologous serum and platelet-rich
plasma proved to be equally effective in
patients with severe dry eye and persis-
tent epithelial defects (82). In the same
domain, a prospective, randomised trial
involving 60 SjD patients with dry eye
compared the use of intense pulsed light
(IPL) therapy combined with 0.05% cy-
closporine eye drops to treatment with
0.1% sodium hyaluronate eye drops
(83). The combination therapy was as-
sociated with greater improvements in
the Ocular Surface Disease Index, non-
invasive tear breakup time, and Schirm-
er test among other scores. No safety
concerns were reported. However, the
study’s conclusions are limited by the
small sample size and the lack of a
comparator group receiving CsA mono-
therapy, which prevents assessment of
the additive effect of IPL therapy (83).

Traditional Chinese medicine

Given the limited treatment options
currently available for SjD, a variety
of alternative and traditional remedies,
particularly in countries such as China,
have been explored for their anti-in-
flammatory properties, effects on neu-
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ral regulation and potential to allevi-
ate disease symptoms. In recent years,
several of these therapies have under-
gone more systematic evaluation, with
varying results. However, the methodo-
logical quality of many of these stud-
ies remains suboptimal, limiting their
reliability. Nevertheless, when used
adjunctively with conventional treat-
ments, some of these interventions may
offer additional symptom relief (84). A
recent propensity score matched study
reported that total glucosides of pacony
improved dryness symptoms and ar-
thralgia in patients with SjD (85). In
another uncontrolled study, a medicinal
tea bag formulation (TBDESJS) was as-
sociated with enhanced tear production,
reduced ocular dryness, and better sleep
quality (86). In contrast, a more rigor-
ously designed randomised controlled
trial from Korea investigating Korean
Red Ginseng found no significant im-
provement in fatigue levels (87).

Take home messages

e Two landmark phase II trials target-
ing the CD40—-CD40L pathway, dazo-
dalibep and iscalimab, have demon-
strated significant efficacy in patients
with SjD, particularly those with high
systemic disease activity (43, 44).

e Dazodalibep reduced systemic ac-
tivity and significantly improved
patient-reported symptoms in those
with low disease activity but high
symptom burden, a population often
overlooked in past trials (43).

e Remibrutinib, a BTK inhibitor,
showed promising efficacy in reduc-
ing systemic disease activity in SjD
by functionally impairing B cells and
modulating the inflammatory envi-
ronment, without the safety concerns
seen with other BTK inhibitors (46).

e Obinutuzumab may offer an effec-
tive alternative for SjD patients who
develop anti-drug antibodies to RTX,
showing promise in treating systemic
complications where RTX has failed
due to immunogenicity (41).

e Combining intense pulsed light (IPL)
therapy with cyclosporine A eye
drops improved multiple dry eye pa-
rameters in SjD, though the specific
contribution of IPL remains unclear
and requires further exploration (81).

Clinical and Experimental Rheumatology 2025

Affiliations

"Dept. of Pathophysiology, School
of Medicine, National and Kapodis-
trian University of Athens, Greece;
2Laboratory of Autoimmunity, Center
of Clinical, Experimental Surgery and
Translational Research, Biomedical Re-
search Foundation, Academy of Athens,
Greece; >Division of Rheumatology,
Dept. of Medicine (DMED), University
of Udine, Academic Hospital Santa Ma-
ria della Misericordia, Azienda Sanitaria
Universitaria Friuli Centrale (ASUFC),
Udine, Italy; “Rheumatology Unit, Dept.
of Medicine and Surgery, University of
Perugia, Italy; SDept. of Oral and Max-
illofacial Surgery, University of Gron-
ingen, University Medical Center Gron-
ingen, the Netherlands; *Center of Den-
tistry and Oral Hygiene, University of
Groningen, University Medical Center
Groningen, the Netherlands; "Dept. of
Rheumatology and Clinical Immunol-
ogy, University Medical Centre Gron-
ingen, the Netherlands.

References

1. TROMBY F, MANFRE V, CHATZIS LG et al.:
Clinical manifestations, imaging and treat-
ment of Sjogren’s disease: one year in review
2024. Clin Exp Rheumatol 2024; 42(12):
2322-35. https//
doi.org/10.55563/clinexprheumatol/5xq3fb

2. CHATZIS LG, GOULES A V, BALDINI C et al.:
The clinical phenotype of isolated ocular or
oral dryness in Sjogren’s disease. Clin Exp
Rheumatol 2024; 42(12): 2507-12. https//
doi.org/10.55563/clinexprheumatol/pcujhk

3. VILLARINHO LN, SO BB, SCHUCH LF,
LOUREIRO FJA, MARTINS MAT, MARTINS
MD: Impact of the oral repercussions of
Sjogren’s Syndrome on patient’s quality of
life: a systematic review and meta-analysis.
Oral Surg Oral Med Oral Pathol Oral Radiol
2024; 137(6): 604-12.
https//doi.org/10.1016/j.0000.2024.03.003

4. LIJ,LIUY, LIU Z, LI X: Tear cytokine levels
in Sjogren’s syndrome-related dry eye disease
compared with non-Sjogren’s syndrome-re-
lated dry eye disease patients: a meta-analy-
sis. Medicine 2024; 103(49): e40669. https//
doi.org/10.1097/md.0000000000040669

5. LIC,ZHENG WD, TIAN Y et al.: Surgical ad-
vantage of modified labial salivary gland bi-
opsy using chalazion forceps: a prospective
randomized controlled study. Clin Exp Med
2024; 24(1): 1-9.
https//doi.org/10.1007/s10238-024-01428-7

6. PARK HS, MARTINEZ-MARTINEZ L, MAGAL-
LARES LOPEZ B et al.. Prognostic signifi-
cance of lymphocytic foci composition in mi-
nor salivary gland biopsies for severe disease
flare and severity in Sjogren’s syndrome: a
3-year follow-up cohort study. Front Immu-
nol 2024; 15: 1-10.
https//doi.org/10.3389/fimmu.2024.1332924

. LIU S, CHEN C, ZHENG Q et al.: Non-neg-

ligible prevalence of focal lymphocytic
sialadenitis in minor salivary glands of
non-Sjogren’s disease individuals. Clin Exp
Rheumatol 2024; 42(12) :2499-506. https//
doi.org/10.55563/clinexprheumatol/ou4fx6

. DAL POZZOLO R, CAFARO G, PERRICONE C

et al.: Salivary gland biopsy as a prognostic
tool in Sjogren’s syndrome. Expert Rev Clin
Immunol 2024; 20(10): 1139-47. https//
doi.org/10.1080/1744666X.2024.2368189

. VAN GINKEL MS, NAKSHBANDI U, ARENDS

S et al.: Increased diagnostic accuracy of the
labial gland biopsy in primary Sjogren syn-
drome when multiple histopathological fea-
tures are included. Arthritis Rheumatol 2024
76(3): 421-28.
https//doi.org/10.1002/art.427237

. SHIBOSKI CH, SHIBOSKI SC, SERORR et al.:

2016 American College of Rheumatology/
European League Against Rheumatism clas-
sification criteria for primary Sjogren’s syn-
drome: A consensus and data-driven meth-
odology involving three international patient
cohorts. Ann Rheum Dis 2017; 76(1): 9-16.
https//
doi.org/10.1136/annrheumdis-2016-210571

. SILVA EV, DE ANDRADE BAB, SILVEIRA HA

et al.: Characterization of ectopic germinal
centers in Sjogren’s syndrome (SS) and non-
SS non-sicca patients. Oral Dis 2024; 30(4):
2229-33. https//doi.org/10.1111/0di.14711

. NAKSHBANDI U, VAN GINKEL MS, VERSTAP-

PEN GMPJ et al.. Histopathological com-
parison of Sjogren-related features between
paired labial and parotid salivary gland biop-
sies of sicca patients. Rheumatology 2024;
63(10): 2670-77. https//
doi.org/10.1093/rheumatology/keae154

. LA ROCCA G, FERRO F, SAMBATARO G et

al.: Interstitial lung disease phenotypes and
predictive risk factors in primary Sjogren’s
syndrome. J Clin Med 2024; 13(16): 4963.
https//doi.org/10.3390/jcm13164963

. MEUDEC L, DEBRAY MP, BEURNIER A ef al.:

Characterisation of airway disease associ-
ated with Sjogren disease. RMD Open 2024;
10(1): 4-7. https//
doi.org/10.1136/rmdopen-2023-003866

. YANG TH, XIRASAGAR S, CHENG YF, CHEN

CS. LIN HC: Increased prevalence of hearing
loss, tinnitus and sudden deafness among pa-
tients with Sjogren’s syndrome. RMD Open
2024; 10(1): 1-7. https//
doi.org/10.1136/rmdopen-2023-003308

. LUCIANO J, GILARDIN L, NOCTURNE G et

al.: Clinical, biological, prognostic charac-
teristics of patients with immune-mediated
thrombotic thrombocytopenic purpura and
Sjogren’s disease. RMD Open 2024; 10(3):
1-10. https//
doi.org/10.1136/rmdopen-2024-004426

. YANG Y, HUANG XX, HUO RX, LIN JY:

Impact of Sjogren’s syndrome on maternal
and fetal outcomes following pregnancy:
a systematic review and meta-analysis of
studies published between years 2007-2022.
Arch Gynecol Obstet 2024, 309(4): 1135-49.
https//doi.org/10.1007/s00404-023-07259-3

.MAOR,ZHU L,LONGR et al.: A new insight

on evaluation of the fertility and pregnancy
outcome in patients with primary Sjogren
syndrome: a propensity score matched study

2017



Sjogren’s disease: one year in review 2025 / L.G. Chatzis et al.

19.

20.

2

—_

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

in multi-IVF centers. Reprod Biol Endo-
crinol 2024; 22(1): 1-12.
https//doi.org/10.1186/s12958-024-01228-4
MA KSK, WANG LT, SASAMOTO N et al.
Endometriosis and Sjogren’s syndrome: bi-
directional associations in population-based
15-year retrospective cohorts. Acta Obstet
Gynecol Scand 2024; 103(10): 2070-80.
https//doi.org/10.1111/a0gs.14909

BEAS R, ALTAMIRANO-FARFAN E, IZQUIER-
DO-VERAZA D et al.: Prevalence of celiac
disease in systemic lupus erythematosus,
sjogren syndrome and systemic sclerosis: a
systematic review and meta-analysis. Dig
Liver Dis 2024; 56(9): 1475-82.
https//doi.org/10.1016/j.d1d.2024.03.015

.SHEN Y, YU X, WANG Q et al.: Association

between primary Sjogren’s syndrome and
gut microbiota disruption: a systematic re-
view and meta-analysis. Clin Rheumatol
2024; 43(2): 603-19.
https//doi.org/10.1007/s10067-023-06754-x
KARAKASIS P, PATOULIAS D, PAMPORIS K
et al.: Risk of subclinical atherosclerosis in
primary Sjogren’s syndrome: a systematic
review and meta-analysis. Eur J Intern Med
2024; 122: 93-101.
https//doi.org/10.1016/j.ejim.2023.11.007
ZEHRFELD N, ABELMANN M, BENZ S et al.:
miRNAs as potential biomarkers for sub-
clinical atherosclerosis in Sjogren’s disease.
RMD Open 2024; 10(3): 1-6.
https//doi.org/10.1136/rmdopen-2024-004434
HSIAO BY: Sjogren’s syndrome and outcomes
of acute myocardial infarction: A propensity-
score matched analysis of the Nationwide
Inpatient Sample 2005-2018. J Cardiovasc
Pharmacol 2024; 84(4): 394-99. https//
doi.org/10.1097/£jc.0000000000001603
PALLA P, CHATZIS LG, SIPSAS NV, GOULES
AV, TZIOUFAS AG: Infections in Sjogren’s
disease: a clinical concern or not? Clin Exp
Rheumatol 2024, 42(12): 2531-41. https//
doi.org/10.55563/clinexprheumatol/ekder7
YUETING L, LIN Q, JIAN X et al.: Long-term
survival analysis of patients with primary
Sjogren’s syndrome in China: a multicenter
retrospective cohort study. Int J Rheum Dis
2024; 27(9): 1-9.
https//doi.org/10.1111/1756-185x.15284
MEINECKE A, KREIS K, OLSON P et al.:
Impact of time to diagnosis in patients with
primary Sjogren’s syndrome: a cross-section-
al study. Clin Exp Rheumatol 2024; 42(12):
2444-52. https//
doi.org/10.55563/clinexprheumatol/karr2a
FANG J, WANG J,LUO J et al.: Clinical strati-
fication of 1318 Primary Sjogren’s syndrome
patients. Semin Arthritis Rheum 2024; 68:
152537. https//
doi.org/10.1016/j.semarthrit.2024.152537
BEYDON M, McCOY S, NGUYEN Y, SUMIDA
T, MARIETTE X, SEROR R: Epidemiology
of Sjogren syndrome. Nat Rev Rheumatol
2024;20(3): 158-69.
https//doi.org/10.1038/s41584-023-01057-6
ANSARI N, SALESI M: The association be-
tween primary Sjogren’s syndrome and non-
Hodgkin’s lymphoma: a systematic review
and meta-analysis of cohort studies. Clin
Rheumatol 2024, 43(7): 2177-86.
https//doi.org/10.1007/s10067-024-06993-6
NGUYEN Y, NOCTURNE G, HENRY J et

2018

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

al.: Identification of distinct subgroups of
Sjogren’s disease by cluster analysis based
on clinical and biological manifestations:
data from the cross-sectional Paris-Saclay
and the prospective ASSESS cohorts. Lancet
Rheumatol 2024; 6(4): €216-25. https//
doi.org/10.1016/S2665-9913(23)00340-5
NGUYEN Y, BEYDON M, GOTTENBERG J et
al.: Distinct pathophysiologic pathways sup-
port stratification of Sjogren’s Disease based
on symptoms, clinical, and routine biologi-
cal data. Arthritis Rheumatol 2025; 77(7):
876-83. https//doi.org/10.1002/art.43096
GOULES AV, CHATZIS L, PEZOULAS VC et al ..
Identification and evolution of predictors of
Sjogren’s disease-associated mucosa-associ-
ated lymphoid tissue lymphoma development
over time: a case-control study. Lancet Rheu-
matol 2024; 6(10): €693-e702. https//
doi.org/10.1016/S2665-9913(24)00183-8
BRUNO D, TOLUSSO B, LUGLI G et al.
B-cell activation biomarkers in salivary
glands are related to lymphomagenesis in pri-
mary Sjogren’s disease: a pilot monocentric
exploratory study. Int J Mol Sci 2024; 25(6):
3259. https//doi.org/10.3390/ijms25063259
ACHTEN H, MEURIS L, DEROO L et al.
Impact of IgG Fc glycosylation on disease
dynamics in patients with primary Sjogren
Disease. Arthritis Rheumatol 2025; 77(3):
311-21. https//doi.org/10.1002/art.43018
ARENDS S, VISSINK A, KROESE FGM, VER-
STAPPEN GM, BOOTSMA H: A future for pre-
diction and treatment of Sjogren’s disease-
associated lymphomas. Lancet Rheumatol
2024; 6(10): e658-60. https//
doi.org/10.1016/s2665-9913(24)00228-5
CHI Y, ZHANG Q, QIN Z et al.: Molecular
pathology assists the diagnosis of lymphoe-
pithelial sialadenitis, Sjogren’s syndrome
and extranodal marginal zone lymphoma of
mucosa-associated lymphoid tissue. J Dent
Sci 2024; 19(1): 130-38.
https//doi.org/10.1016/j.jds.2023.05.018
HUPER S, NAGLER L, STRUNZ P ef al.
Lymphoma in Sjogren’s syndrome: no need
for repetitive screening ultrasounds of the
major salivary glands and neck in asymp-
tomatic patients. Scand J Rheumatol 2025;
54(1): 49-57. https//
doi.org/10.1080/03009742.2024.2370109
GIOVANNINI I, DE MARTINO M, MANFRE V
et al.: Ultrasonographic scores and parotid
histopathology in Sjogren’s disease: chal-
lenges in lymphoma identification. Clin Exp
Rheumatol 2024; 42(12): 2483-9. https//
doi.org/10.55563/clinexprheumatol/98vjav
ROCCA J, BEYDON M, LE GUERN V et al.:
Treatment modalities of marginal zone lym-
phoma and overall survival, haematological
response, and underlying Sjogren’s disease
activity: a multicentre, retrospective, observa-
tional study. Lancet Rheumatol 2024; 6(10):
€703-12. https//
doi.org/10.1016/s2665-9913(24)00198-x
PEZOT M, NOCTURNE G, BELKHIR R ef al.:
Obinutuzumab in patients with Sjogren’s
disease immunised against rituximab. Ann
Rheum Dis 2024; 83(3): 407-8.
https//doi.org/10.1136/ard-2023-224999
LONGHINO S, TREPPO E, MANFRE V et al.:
The impact of two different rituximab-based
strategies in cryoglobulinaemic vasculitis

43.

44.

45.

46.

47.

48.

49.

50.

5

—

52.

53.

secondary to Sjogren’s disease: a monocen-
tric cohort study. Clin Exp Rheumatol 2024;
42(12): 2387-92. https//
doi.org/10.55563/clinexprheumatol/gakvbr
ST CLAIR EW, BAER AN, NG WF et al.:
CD40 ligand antagonist dazodalibep in
Sjogren’s disease: a randomized, double-
blinded, placebo-controlled, phase 2 trial.
Nat Med 2024; 30(6): 1583-92.
https//doi.org/10.1038/s41591-024-03009-3
FISHER BA, MARIETTE X, PAPAS A et al.:
Safety and efficacy of subcutaneous iscali-
mab (CFZ533) in two distinct populations of
patients with Sjogren’s disease (TWINSS):
week 24 results of a randomised, double-
blind, placebo-controlled, phase 2b dose-
ranging study. Lancet 2024; 404(10452):
540-53. https//
doi.org/10.1016/S0140-6736(24)01211-X
XU D, FANG J, ZHANG S et al.: Efficacy and
safety of telitacicept in primary Sjogren’s
syndrome: a randomized, double-blind, pla-
cebo-controlled, phase 2 trial. Rheumatology
2024; 63(3): 698-705. https//
doi.org/10.1093/rheumatology/kead265
DORNER T, KAUL M, SZANTO A er al.
Efficacy and safety of remibrutinib, a selec-
tive potent oral BTK inhibitor, in Sjogren’s
syndrome: results from a randomised, dou-
ble-blind, placebo-controlled phase 2 trial.
Ann Rheum Dis 2024; 83(3): 360-71.
https//doi.org/10.1136/ard-2023-224691
VALLIFUOCO G, FALSETTI P, BARDELLI M
et al.: The role of major salivary gland ul-
trasound in the diagnostic workup of sicca
syndrome: a large single-centre study. To-
mography 2024; 10(1): 66-78.
https//doi.org/10.3390/tomography 10010006
GUAVITA-NAVARRO D, IBANEZ C, CAJA-
MARCA-BARON J et al.: Operational char-
acteristics of ultrasound in the diagnosis of
Sjogren’s syndrome. Radiologia (Engl Ed)
2024; 66(1): 13-22.
https//doi.org/10.1016/j.rxeng.2022.06.006
MARTINS FB, OLIVEIRA MB, OLIVEIRA LM,
LOURENCO AG, PARANHOS LR, MOTTA
ACF: Diagnostic accuracy of ultrasonogra-
phy in relation to salivary gland biopsy in
Sjogren’s syndrome: a systematic review
with meta-analysis. Dentomaxillofac Radiol
2024; 53(2): 91-102.
https//doi.org/10.1093/dmfr/twad007
INANC N, JOUSSE-JOULIN S, ABACAR K et
al.: The novel OMERACT ultrasound scor-
ing system for salivary gland changes in pa-
tients with Sjogren syndrome is associated
with MRI and salivary flow rates. J Rheuma-
tol 2024; 51(3): 263-69.
https//doi.org/10.3899/jrheum.2023-0202

.REBEL D, DE WOLFF L, DELLIK et al.: Added

value of the salivary gland ultrasonography
OMERACT score in the ACR/EULAR clas-
sification criteria for Sjogren’s disease. Sem-
in Arthritis Rheum 2024; 67: 152473. https//
doi.org/10.1016/j.semarthrit.2024.152473
KAHVECI A, GUMUSTEPE A, SUNAR 1, ATA-
MAN $: Are ultrasonographic scoring systems
of the salivary gland in primary Sjogren’s
syndrome suitable for examination of type 2
diabetes mellitus patients with sicca? BMC
Endocr Disord 2024; 24(1): 199.
https//doi.org/10.1186/s12902-024-01740-z
SU HZ, HONG LC, HUANG M et al.: A nomo-

Clinical and Experimental Rheumatology 2025



54.

55.

56.

57.

58.

59.

60.

6

—

62.

63.

64.

gram based on ultrasound scoring system
for differentiating between immunoglobulin
G4-related sialadenitis and primary Sjogren
syndrome. Dentomaxillofac Radiol 2024;
53(1): 43-51.
https//doi.org/10.1093/dmfr/twad005
QUERE B, SARAUX A, CARVAJAL-ALEGRIA
G et al.: Reliability exercise of ultrasound
salivary glands in Sjogren’s disease: an in-
ternational web training initiative. Rheuma-
tol Ther 2024; 11(2): 411-23.
https//doi.org/10.1007/s40744-024-00645-6
SLUIJPERS NRF, FADHIL M, STEL AJ et al.:
Reliability of colour Doppler ultrasonogra-
phy of the major salivary glands in Sjogren’s
disease. Clin Exp Rheumatol 2024; 42(12):
2476-82. https//
doi.org/10.55563/clinexprheumatol/kuSevp
CARABA A, ROMAN D, CRISAN V, IURCIUC
S, IURCIUC M: Salivary flow rate in patients
with Sjogren’s syndrome: correlations with
salivary gland ultrasound findings and bio-
markers of disease activity. Int J Mol Sci
2024;26(1): 101.
https//doi.org/10.3390/ijms26010101
HUANG W, HAO S, OUYANG Z et al.
A stratification approach based on salivary
gland ultrasonography for assessing secreto-
ry function in Sjogren disease. J Rheumatol
2024 Dec 15.
https//doi.org/10.3899/jrheum.2024-0711
DAI X, SUI X, CHEN S,ZHAO B, LIU Z, WANG
X: The diagnostic performance of salivary
gland ultrasound elastography in Sjogren’s
syndrome and sicca symptoms: a systematic
review and meta-analysis. Eur Radiol 2024,
34(3): 1545-55.
https//doi.org/10.1007/s00330-023-10166-5
KISE Y, M@YSTAD A, KUWADA C, ARUI E,
BJORNLAND T: Does ultrasound elastogra-
phy have a role as a diagnostic method for
Sjogren’s syndrome in the salivary glands?
A systematic review. Oral Radiol 2024;
40(3): 329-41.
https//doi.org/10.1007/s11282-024-00740-y
CHENG L, YANG Y, MA AJ: Performance
of salivary glands ultrasonography, shear
wave elastography and their combined use
for the diagnosis of primary and secondary
Sjogren’s syndrome. J Appl Clin Med Phys
2024; 25(8): el4441.
https//doi.org/10.1002/acm2.14441.

. WANG X, WANG X, WU J, DONG F, CHANG X,

WANG A: Ultrasound shear wave elastography
for assessing minor salivary gland involve-
ment in anti-centromere antibody-positive
primary Sjogren’s syndrome: a retrospective
study. Clin Exp Med 2024; 24(1): 221.
https//doi.org/10.1007/s10238-024-01486-x
XU N, WANG X, DAI T et al.: Non-invasive
imaging for predicting labial salivary gland
biopsy outcomes in patients with suspected
primary Sjogren syndrome. Clin Rheumatol
2024; 43(5): 1683-92.
https//doi.org/10.1007/s10067-024-06949-w
LUL,DAIT,ZHAOY et al.: The value of MRI-
based radiomics for evaluating early parotid
gland injury in primary Sjogren’s syndrome.
Clin Rheumatol 2024; 43(5): 1675-82.
https//doi.org/10.1007/s10067-024-06935-2
ALVAREZ TRONCOSO J, GIRALDO GON-
ZALEZ LF, CORONADO POGGIO M et al.:
Salivary gland scintigraphy in Sjogren’s

Clinical and Experimental Rheumatology 2025

65

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Sjogren’s disease: one year in review 2025 / L.G. Chatzis et al.

syndrome: a retrospective study of diagnos-
tic accuracy and correlation with histologi-
cal and immunological biomarkers. Cureus
2024; 16(7): €65305.
https//doi.org/10.7759/cureus.65305

.SINGH S, JASANI G, BASU S, VARMA DR:

Radiological imaging of the lacrimal gland
in Sjogren’s syndrome: a systematic review
and meta-analysis. Curr Eye Res 2024;
49(11): 1115-22. https//
doi.org/10.1080/02713683.2024.2349637
ZHANG M, PAN J, SHENG J: Systematic re-
view and meta-analysis of the diagnostic
performance of lacrimal gland ultrasound
elastography in primary Sjogren’s syn-
drome. Int Ophthalmol 2024; 44(1): 271.
https//doi.org/10.1007/s10792-024-03185-8
BALDINI C, FULVIO G, LA ROCCA G, FERRO
F: Update on the pathophysiology and treat-
ment of primary Sjogren syndrome. Nat Rev
Rheumatol 2024; 20(8): 473-91.
https//doi.org/10.1038/s41584-024-01135-3
RAMOS-CASALS M, BRITO-ZERON P,
BOMBARDIERI S et al.: EULAR recommen-
dations for the management of Sjogren’s syn-
drome with topical and systemic therapies.
Ann Rheum Dis 2020; 79(1): 3-18. https//
doi.org/10.1136/annrheumdis-2019-216114
PONTARINI E, SCIACCA E, CHOWDHURY F
et al.: Serum and tissue biomarkers associ-
ated with composite of relevant endpoints
for Sjogren Syndrome (CRESS) and Sjogren
Tool for Assessing Response (STAR) to B
Cell-targeted therapy in the Trial of Anti-
B Cell Therapy in Patients With Primary
Sjogren Syndrome (TRACTISS). Arthritis
Rheumatol 2024; 76(5): 763-76.
https//doi.org/10.1002/art.42772

SCHETT G, MULLER F, TAUBMANN J et al.:
Advancements and challenges in CAR T cell
therapy in autoimmune diseases. Nat Rev
Rheumatol 2024; 20(9): 531-54.
https//doi.org/10.1038/s41584-024-01139-z
MULLER F, TAUBMANN J, BUCCI L ef al.:
CD19 CAR T-Cell therapy in autoimmune dis-
ease - A case series with follow-up. N Engl J
Med 2024;3 90(8): 687-700.
https//doi.org/10.1056/NEJMo0a2308917
SHENG L, ZHANG Y, SONG Q et al.: Concur-
rent remission of lymphoma and Sjogren’s
disease following anti-CD19 chimeric anti-
gen receptor-T cell therapy for diffuse large
B-cell lymphoma: a case report. Front Im-
munol 2023; 14: 1298815.
https//doi.org/10.3389/fimmu.2023.1298815
LI S, GAO Y, HE Y, ZHANG Z: A case report
of AQP4-IgG-seropositive refractory neu-
romyelitis optica spectrum disorder patient
with Sjogren’s syndrome and pancytopenia
treated with inebilizumab. Front Neurol
2024; 15: 1371515.
https//doi.org/10.3389/fneur.2024.1371515
HAGEN M, BUCCI L, BOLTZ S et al.: BCMA-
targeted T-cell-engager therapy for autoim-
mune disease. N Engl J Med 2024; 391(9):
867-69.
https//doi.org/10.1056/nejmc2408786
LAMAN JD, MOLLOY M, NOELLE RI:
Switching off autoimmunity. Science 2024;
385(6711): 827-29.
https//doi.org/10.1126/science.ade6949
MAURO D, LIN X,PONTARINIE et al.: CD8(+)
tissue-resident memory T cells are expanded

7.

78.

79.

80.

8

—_

82.

83.

84.

85.

86.

87.

in primary Sjogren’s disease and can be thera-
peutically targeted by CD103 blockade. Ann
Rheum Dis 2024; 83(10): 1345-57.
https//doi.org/10.1136/ard-2023-225069
NAKSHBANDI U, LIEFERS SC, ARENDS S et
al.: Abatacept use for 24 weeks has a lim-
ited effect on salivary gland inflammation in
Sjogren’s disease patients. Clin Exp Rheu-
matol 2024; 42(12): 2362-68. https//
doi.org/10.55563/clinexprheumatol/6n0y0v
LORENZON R, RIBET C, PITOISET F et al.:
The universal effects of low-dose interleu-
kin-2 across 13 autoimmune diseases in a
basket clinical trial. J Autoimmun 2024; 144:
103172.
https//doi.org/10.1016/j.jaut.2024.103172
WU J, LI D: Pilocarpine treatment of Sjogren’s
syndrome curative effect of meta-analysis of
randomised controlled trials. Clin Exp Rheu-
matol 2024; 42(12): 2490-98. https//
doi.org/10.55563/clinexprheumatol/lkk9qq
KARIMI M, HAJIKOLAEI FA, HOSEINPOUR F
et al.: Efficacy of Cevimeline on xerostomia
in Sjogren’s syndrome patients: A system-
atic review and meta-analysis of randomized
clinical trials. Curr Ther Res Clin Exp 2024;
102: 100770. https//
doi.org/10.1016/j.curtheres.2024.100770

. D’AGOSTINO GENNARI J, DEVEZA GBH et

al.: Efficacy of N-acetylcysteine for treat-
ing dryness symptoms of Sjogren’s disease:
randomised placebo-controlled double-blind
clinical study. Clin Exp Rheumatol 2024;
42(12): 2427-36. https//
doi.org/10.55563/clinexprheumatol/dmdSdv
OZLUK I, YUKSEL B, KUSBECI T: Compari-
son of autologous serum and platelet-rich
plasma in the treatment of severe dry eye
and persistent epithelial defects. Cont Lens
Anterior Eye 2024; 47(6): 102247.
https//doi.org/10.1016/j.clae.2024.102247
HUO Y, HUANG X, LIN L et al.: The effect
of intense pulsed light combined with topi-
cal 0.05% Cyclosporin A eyedrops in the
treatment of Sjogren’s syndrome related dry
eye. Expert Rev Clin Immunol 2024; 20(10):
1261-67. https//
doi.org/10.1080/1744666x.2024.2358157
MA X, LIU Z, CHANG T et al.: Network meta-
analysis of integrated traditional Chinese
and Western medicine in the treatment of
Sjogren’s syndrome. Front Pharmacol 2024;
15: 1455969.
https//doi.org/10.3389/fphar.2024.1455969
CUI YY, ABDUKIYUM M, XU XF et al.
Efficacy and safety of total glucosides of pae-
ony in treating primary Sjogren’s syndrome:
a propensity-matched study. Eur Rev Med
Pharmacol Sci 2024; 28(10): 3523-31. https//
doi.org/10.26355/eurrev_202405_36287
YEN CM, LIN HC, CHEN WS et al.: Evaluation
of traditional Chinese medicine tea bag TB-
DESIS in patients with Sjogren’s syndrome
and dry eye syndrome: A phase II pilot study.
Int J Rheum Dis 2024; 27(11): e15398.
https//doi.org/10.1111/1756-185x.15398
CHO SK, SONG YIJ, HAN JY, KIM HW, NAM
E, SUNG YK: Effectiveness of Korean Red
Ginseng on fatigue in patients with rheu-
matic diseases: a randomized, double-blind,
placebo-controlled study. Korean J Int Med
2024; 39(4): 680-90.
https//doi.org/10.3904/kjim.2023.350

2019



