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RHEUMATOLOGY

New developments in Sjogren’s syndrome

Nishanthi Thalayasingam', Kelly Baldwin'*, Claire Judd'* and Wan-Fai Ng'2

Abstract

SS is a chronic, autoimmune condition characterized by lymphocytic infiltration of the exocrine glands and B-cell
dysfunction. Current treatment strategies are largely empirical and offer only symptomatic relief for patients. There
are no proven treatments that alter disease progression or treat the systemic manifestations of disease. B-cell de-
pletion is used in patients with systemic disease but its overall clinical efficacy has not been demonstrated in two
large randomized controlled trials. Studies are now focussing on alternative strategies to target B-cells, including
co-stimulation targets, with promising data. It is increasingly clear that clinical trials in SS will require patient stratifi-
cation and relevant and sensitive outcome measures to identify successful treatment modalities.
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Rheumatology key messages

« The efficacy of rituximab remains unclear, but it may be useful for certain systemic manifestations of Sjogren’s syndrome.
o Other B-cell-targeting therapies show promise but data from larger trials are needed.
o Future clinical trials in Sjogren’s syndrome require patient stratification, and relevant and sensitive outcome measures.

Introduction

Primary SS is a chronic, autoimmune condition charac-
terized by lymphocytic infiltration of the exocrine glands,
which leads to glandular dysfunction and eventual irre-
versible tissue damage. The primary clinical manifesta-
tions are ocular and oral dryness, but 30-40% of
patients develop systemic features and there is an
increased lifetime risk of lymphoma, estimated to be
5-10% [1, 2]. Patients carry a large symptom burden
with a subsequent reduction in health-related quality of
life and work productivity [3]. Current treatment strat-
egies are empirical and rely on symptomatic manage-
ment, with no biological or synthetic DMARDs proven to
alter the progression of disease [4].

Evidence of B-cell pathology in SS

B-cell dysfunction and hyperactivity is a hallmark of SS.
Serum B-cell activating factor (BAFF) is elevated in
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patients and upregulated within salivary glands. It is not
clear if this is a factor in the initiation of disease or a
consequence of it, but it does suggest that BAFF is crit-
ical to the B-cell microenvironment at the site of dis-
ease, where it may promote the survival of autoreactive
cells. Indeed, BAFF transgenic mice have been shown
to develop a syndrome similar to SS [5].

The autoantibodies, RF, anti-Ro and anti-La, emerge a
median of 4-6years prior to the development of symp-
toms [6]. Other evidence of B-cell hyperactivity include
hypocomplementemia, hypergammaglobulinaemia and
raised levels of kappa free light chains and beta 2 micro-
globulin [7]. Indeed, serum levels of BAFF, kappa free
light chains and beta 2 microglobulin are associated with
clinical disease activity, as measured by the EULAR SS
Disease Activity Index (ESSDAI) [8]. Immunophenotyping
studies confirm changes in the peripheral blood B-cell
compartment; with abnormalities in memory B-cells and
the retention of this subset in salivary gland tissue [9, 10].

The observed glandular lymphocytic infiltrate becomes
more organized with time; with an increase in B-cell infil-
trate and germinal centre formation as disease pro-
gresses [11]. The functional germinal centre formation,
identified in the salivary glands of a proportion of
patients, may play a role in the perpetuation of disease
by enabling further inflammatory cell recruitment and the
local production of autoantibodies [12]. Clonal B-cell ex-
pansion is seen within the glandular tissue and malig-
nant transformation, in clonally expanded cells, may
lead to the development of lymphoma in 5-10% of
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Fic. 1 Lymphocytic infiltration of the salivary gland in SS and potential therapeutic targets

B-Cell and T-Cell infiltration
within the salivary gland

Salivary gland
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B-Cell therapy targets

T-cell help is required to form ectopic lymphoid structures (ELS) in the salivary gland. Strategies to treat SS include:
a direct effect on B-cells, B-cell activating factor (BAFF), its receptor (BAFF-R) or co-stimulation molecules. BAFF: B-
cell activating factor, BAFF-R: B-cell activating factor receptor. Created with BioRender.com.

patients [13, 14]. The selective pressures involved in this
process are not fully defined but chronic stimulation by
an autoantigen is one postulated mechanism.

Treatment strategies

Strategies to identify potential treatments in SS have
focussed on targeting B-cells, with the aim of providing
symptomatic benefit and preventing disease progression.
The glandular tissue, and site of disease, is infiltrated
with T-cells at an early stage in disease. This is thought
to lead to an epithelitis and, as disease progresses, T-
cell help is required to form ectopic lymphoid structures
(ELS). This interaction between T and B-cells provides a
further potential drug target. The potential mechanisms to
target B-cells may be divided into: those directly target-
ing B-cells, or B-cell homeostasis, and those focussing
on co-stimulation and antigen presentation (Fig. 1). The
large unmet need in this condition, and the identification
of potential molecular targets, has led to an increasing
number of randomized controlled trials (RCTs) in SS. In
this review, we will focus on biologic therapies that target
B-cells directly or indirectly (Table 1).

B-cell depletion

Rituximab is a chimeric monoclonal antibody against
CD20 found on the majority of B-cells, with the exception
of stem cells, pro B-cells and plasma cells. It has been
the most studied biologic therapy in SS over the last two
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decades. The strong evidence for B-cell involvement in
pathobiology, combined with the success and safety of
B-cell depletion in rheumatoid arthritis, led to an early
focus on B-cell depletion as a potential systemic
treatment.

Two open label studies showed promising results with
improvements in subjective measures of disease, includ-
ing pain and fatigue, and an increase in salivary gland
function [22, 283]. This work led to two small randomized,
double blind trials which appeared to confirm the safety
profile and the potential benefit on fatigue and stimu-
lated salivary flow [24, 25]. Rituximab was also shown to
demonstrate efficacy on disease activity, over standard
DMARDS, in early disease, and biopsy results sug-
gested that rituximab reduced the formation of ELS and
germinal centres in glandular tissue [26].

There have been two large RCTs looking at the effect-
iveness of rituximab on SS. The TEARS and TRACTISS
studies examined the effects of a single course of rituxi-
mab and two courses of rituximab, respectively.

The French Tolerance and Effectiveness of Rituximab
in SS (TEARS) trial followed 120 patients after one course
of rituximab. The primary end point of at least a 30mm
decrease in the visual analogue scale (VAS, 0-100mm)
for two of four domains: dryness, pain, fatigue and global
assessment of disease activity, was not reached at
24 weeks. In addition, early responses seen in fatigue at
6 weeks were not sustained at 24 weeks [20]. The primary
end point in this study was stringent and subjective
which, although critical to patient well-being, may not be
a sensitive outcome measure. The choice of primary end
point may have contributed to the disappointing
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outcome. Improvements in the secondary outcomes of
salivary flow and laboratory response were seen and so
more objective measures of disease may be more appro-
priate in such studies. Further work on this study popula-
tion demonstrated an improvement in the salivary gland
echo structure at 24 weeks. Ultrasound grading has been
suggested as a potential sensitive outcome measure, as
it assesses the target tissue [27].

The large UK multicentre TRACTISS study was an
RCT with 133 patients, which compared patients receiv-
ing two courses of rituximab at 0, 2, 24 and 26 weeks to
placebo. This design had the potential to identify sus-
tained improvements gained from a second course of
B-cell depletion. The primary end point, of a 30% im-
provement in fatigue VAS and oral dryness VAS, at
48 weeks was not achieved. The placebo response rate
was 36.8% compared with 39.8% in the rituximab
group. Unstimulated salivary flow was shown to remain
stable over the duration of the follow-up period in the
rituximab group, while it deteriorated in the placebo
group. However, there was no similar benefit seen in
lacrimal flow or stimulated salivary flow. The study con-
cluded that, although well tolerated, B-cell depletion
was neither clinically nor cost effective [21].

In this study, the primary endpoints were again strict
and potentially subjective. Composite disease activity
measures did not identify a potential superiority with rit-
uximab. There were no significant, consistent differences
over time in the ESSDAI or European League Against
Rheumatism Sjogren’s Syndrome Patient Reported Index
(ESSPRI) scores between the two treatment arms. This
suggests that the choice of primary endpoints may not
be the sole explanation behind the lack of success of rit-
uximab in clinical trials. Indeed, the four rituximab RCTs
have not shown consistent outcomes. This may relate to
the relatively small number of patients involved, the het-
erogeneity of the study population as a whole and differ-
ences in trial recruitment criteria.

It is clear that treatment with rituximab depletes B-
cells from the peripheral blood and salivary glands and
leads to a decrease in proinflammatory cytokines, but
the clinical effectiveness in routine care has not been
established [28-30]. Methods to stratify patients who
may respond to rituximab have been suggested includ-
ing an assessment of baseline B-cell infiltration of par-
otid parenchyma but this form of stratification would be
challenging in clinical practice [28]. Interestingly, a re-
cent symptom-based stratification approach has identi-
fied a subset of SS patients who may be responsive to
rituximab therapy [31].

Rituximab remains the most frequently used biologic
treatment in SS and is endorsed by national guidelines
for those with significant systemic manifestations of dis-
ease, despite a lack of clear success in trials [4, 32-34].
However, there is registry data to support its use in this
setting, e.g. in patients with vasculitis or cryoglobulinae-
mia-associated peripheral nervous system involvement
[35]. The autoimmunity and rituximab registry data has
shown that, in patients with systemic involvement and a

https://academic.oup.com/rheumatology
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median ESSDAI of 11, 60% responded to a course of
rituximab with a reduction in corticosteroid use and
change in median ESSDAI from 11 to 7.5. Over half of
the patients were retreated with rituximab [36].

The registry data demonstrates the clinical confidence
that comes from the successful use of rituximab in other
autoimmune conditions, rather than its trial evidence.
The four rituximab RCTs have not set out to look at sys-
temic manifestations of disease, or to identify longer-
term treatment benefits. lts use in individual patients
with systemically active disease can be defended given
the lack of alternatives and the safety profile observed
from the registry and trial data [37]. Further studies in B-
cell depletion may benefit from patient stratification and
focussing on the subgroup with systemic involvement in
which there is strong evidence of B-cell dysfunction.

B-cell activating factor (BAFF)

Alternative strategies for targeting B-cells have been
suggested including BAFF, a member of the TNF ligand
family, which promotes B-cell survival, maturation and
germinal centre maintenance [38, 39].

Belimumab is a fully human monoclonal antibody which
targets BAFF. The Phase Il study, BELISS, which enrolled
30 patients provided promising outcome data. At
28 weeks, 60% of patients had achieved the primary end
point of an improvement in two of five areas: a 30% de-
crease in dryness, fatigue, musculoskeletal pain, physician
assessed systemic activity VAS or >25% improvement in
any B-cell activation markers. It was notable that the pro-
portion of patients seeing improvements in fatigue and
musculoskeletal pain was relatively lower than the other
domains [18]. Targeting BAFF in isolation may not im-
prove the features of SS that patients commonly report in
clinic: fatigue and musculoskeletal pain.

In responders, long-term treatment with belimumab
may be beneficial as continuation of treatment was
shown to provide a stable, sustained clinical response
and a continued decrease in B-cell activation markers at
52 weeks. Improvements in parotid swelling, lymphaden-
opathy and the articular domain were noted, but there
were no significant changes in lacrimal or salivary func-
tion [40]. A review, 12 months after the trial had ended,
found that, in this group of 13 patients, the ESSDAI had
increased from 3.5 at the end of treatment to 7.0. Over
the same time period, levels of BAFF, RF and IgM were
also shown to increase significantly; providing further
support for the efficacy of belimumab [41].

Additional B-cell strategies

Baseline serum BAFF inversely correlates with the dur-
ation of B-cell depletion with rituximab and serum BAFF
levels rise after rituximab [29, 42]. It has been proposed
that a combination of BAFF inhibition, with B-cell deple-
tion, may improve B-cell depletion and postpone B-cell
repopulation. Elevated levels of BAFF in the inflamed
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target tissue microenvironment may render B-cells re-
sistant to depletion. Therefore, pre-treatment with beli-
mumab may result in more successful depletion of
pathogenic B-cells with rituximab. After rituximab,
blocking the surge in BAFF with belimumab may reduce
the emergence of a new pool of autoreactive cells. An
RCT investigating the co-administration of belimumab
and rituximab in one arm, compared with placebo, beli-
mumab monotherapy and rituximab monotherapy has
been completed and the results are awaited. In the co-
administration arm, belimumab is given between weeks
0 and 24 with rituximab at weeks 8 and 10.

The monoclonal antibody ianalumab targets the BAFF
receptor on B-cells, leading to the combination of cell
lysis and blockade of BAFF-related signalling. This agent
has provided promising results in a small group of
patients with SS and an ESSDAI of >6. lanalumab led
to B-cell depletion, was well-tolerated and trends in clin-
ical improvement were noted with marked improve-
ments in fatigue. Further studies with this agent are
underway [43].

Another B-cell target is CD22, a co-receptor of the B-
cell receptor, which showed initial promise in Phase /Il
trials. It has had renewed focus following the identifica-
tion of positive patient outcomes in post hoc analyses
for the EMBODY trial. In this study, patients with SLE
and coexistent SS treated with epratuzumab had a de-
crease in autoantibodies, IgM and B-cell counts [44].
The clinical improvement was not seen in patients with-
out associated SS and further RCTs are required to
examine this further [45].

Co-stimulation blockade

T-cell co-stimulation is an additional potential target in
the treatment of SS. Abatacept, which targets the CD28:
CD80/86 pathway, has been examined in a small open
label study, active Sjogren abatacept pilot (ASAP).
Clinical disease activity, measured by ESSDAI, decreased
alongside RF and IgG levels during treatment. Salivary
and lacrimal gland function remained unchanged [17].
Interestingly, treatment with abatacept was shown to de-
crease germinal centres per mm?, but not focus score or
area of lymphocytic infiltrate. This is likely to be related to
the requirement for co-stimulation from activated follicular
T helper cells for germinal centre formation [46]. Two re-
cently published Phase Il studies have not demonstrated
a significant improvement in ESSDAI with abatacept over
placebo in patients with an ESSDAI of >5 at enrolment
[15, 16]. Changes in disease relevant biomarkers, includ-
ing immunoglobulin levels, were seen but clinical efficacy
for abatacept was not observed in this group of patients
using predefined outcome criteria.

A second co-stimulation pathway focuses on CD40-
CDA40L interactions between T and B-cells, which con-
tribute to aberrant lymphocyte activation in inflamed tis-
sue. CD40 stimulation leads to B-cell activation with
upregulation of MHCII, B-cell expansion and differenti-
ation. It is central to the humoral immune response and
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critical to germinal centre formation and production of
class switched antibodies [47]. In mouse models of SS,
inhibition of this pathway blocks ELS formation and
autoantibody generation [48].

Indeed, higher CD40 expression has been found on
cultured salivary gland cells from SS patients over con-
trols [49]. Early studies in autoimmune disease initially tar-
geted CD40L but an increase in thromboembolic events,
thought to be related to the action on CD40L on plate-
lets, was identified and work has moved on to CD40 des-
pite initially promising results in autoimmune disease [50].

Iscalimab (CFZ533), an anti-CD40 monoclonal anti-
body, has been studied in SS in a small multicentre,
double blind, RCT of <50 patients. Patients received the
drug by the subcutaneous or intravenous route or pla-
cebo. There was no increase in adverse events and, al-
though no therapeutic efficacy was seen with the lower
subcutaneous dose, the higher intravenous dose (10 mg/
kg) did result in a significant reduction in the ESSDAI
[19]. The preliminary efficacy and therapeutic potential
of CD40 blockade is encouraging and additional agents
targeting CD40 are also under evaluation.

IL-6

IL-6 is critical to plasma cell differentiation and B-cell
activation, with IL-6 inhibition established as a safe
mode of action in other rheumatic diseases. A recent
RCT enrolled 110 patients with SS and medium/high
disease activity. Patients were randomized to placebo or
monthly infusions of tocilizumab and the primary end
point was assessed at week 24. Response was defined
using a composite outcome measure requiring a de-
crease of at least three points in ESSDAI, no new
ESSDAI domains involved and no worsening on the
physician’s global VAS of >1/10. The primary outcome
was not reached in this study, nor were changes in sec-
ondary outcomes such as immunoglobulin levels; sug-
gesting that IL-6 is not a primary driver of disease in SS.
A high placebo effect was also observed with an im-
provement in the ESSDAI of >3 in 60% of patients in
this group [51].

Biological therapies against additional immune targets
have also been investigated but are beyond the scope
of this review (see Supplementary Table S1, available at
Rheumatology online).

Conclusion

The trial data for the use of biologic treatments in SS
has been relatively disappointing and the reasons are
likely to be multifactorial. The sample sizes of many of
these studies are relatively small and, when testing a
heterogeneous population, clinically relevant responses
that may only be achieved in certain disease subgroups
could be missed. In this regard, using the data from the
UK Primary SS Registry (UKPSSR) cohort, the French
ASSESS cohort and the Stavanger cohort, four clinical
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subtypes have been identified — low symptom burden,
high symptom burden, dryness dominant with fatigue
and pain dominant with fatigue — each with distinct mo-
lecular profiles, clinical manifestations and responses to
immunomodulatory therapies [31]. Therefore, careful
stratification of SS patients may facilitate future thera-
peutic development, for instance, by focussing on those
with a particular clinical phenotype or pathological or
molecular subgroup biomarkers [8, 52, 53].

There is marked variability in the inclusion criteria and
outcome measures (Table 1) employed in the studies
described. Over the last 5years, objective measures
and assessment strategies have become established
enabling a more standardized approach. The 2016 ACR/
EULAR classification criteria help standardize the
patients recruited to studies and the adoption of
ESSDAI improves and standardizes assessments of sys-
temic disease activity [54].

A large EU industry-academia consortium, the
NECESSITY project, recognizes that successful clinical trial
design in this heterogeneous population requires patient
stratification and sensitive outcome measures. The project,
which started in 2019, aims to identify discriminative bio-
markers for patient stratification and to develop sensitive
clinical endpoints to improve the design of clinical trials in
this complex disease [65-58]. In the future, it may be ap-
propriate, given the laboratory improvements seen in a pro-
portion of studies described here, to repeat trials of B-cell
therapies with patient stratification and novel, standardized
outcome measures.

Another consideration in therapeutic development is
to clarify the overall aim of treatment. Is it the prevention
of systemic involvement, in which case one could con-
sider focussing on those with risk factors for this, or
improving fatigue and pain that may be influenced by
co-morbidities and may not be entirely driven by sys-
temic inflammation [59-61]. In SS, pain, depression and
fatigue are important predictors of health-related quality
of life, work disability and physician consultations [62,
63]. Strategies focussing on fatigue and depression in
SS are critical to developing patient-centred care and
improving health outcomes.

Beyond trial design, there are additional challenges in
the study of Sjogrens’ syndrome, namely: patients pre-
sent late, there may not be residual glandular function to
improve and the challenges of assessing disease activity
rather than disease damage. Furthermore, the patho-
physiology underlying the extra-glandular manifestations
of SS is much less well understood than the glandular
pathology and this hampers the development of treat-
ment strategies for this aspect of disease.

There remains a large unmet need in this condition,
which in contrast to other autoimmune conditions has
yet to benefit from the significant advances in evidence-
based systemic therapies, but promising strategies con-
tinue to emerge.
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