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A B S T R A C T

To date, no immunomodulatory drug has proved efficacious in primary Sjögren's syndrome (pSS). In pSS, dif-
ficulties in drug efficacy assessment is related to the large spectrum of clinical involvements (glandular/extra-
glandular involvement), to the lack of correlation between symptoms of dryness and glandular function assessed
by objective measurements, as well as between symptoms and systemic complications of the disease. Severe
organ manifestations are generally treated by off-label therapies in accordance with current practice and
guidelines for Systemic Lupus Erythematosus or other connective-tissue diseases. Despite a much greater un-
derstanding of the pathogenesis of pSS, modern drug development has resulted in no approval of therapy so far.
In this study, we performed a systematic review of all targeted therapies under clinical development in pSS, in 17
main online registries of clinical trials. Our search identified 264 trials, from which 25 targeted therapies for pSS
were included. The molecules under current clinical development for pSS target B cells (n =4), T cells or T/B
cells costimulation (n =5), inflammatory cytokines or chemokines and their receptors (n= 5), intracellular
signalling pathways (n =7) and various other targets identified in pSS (n =4). The current drug development
pipeline in pSS may lead to valuable strategies for the treatment of this currently difficult-to-treat disease.

1. Introduction

Primary Sjögren's syndrome (pSS) is a complex systemic auto-
immune disease characterized by a wide spectrum of clinical and la-
boratory findings and variable course and outcomes. On the basis of
formal criteria for the diagnosis [1], which require the presence of
immunologic abnormalities (the presence of serum anti-SSA antibodies
or focal lymphocytic sialadenitis on biopsy of labial salivary glands),
the estimated prevalence is 0.3 to 1 per 1000 persons with a female-to-
male predominance of 9:1 and a peak incidence at approximately
50 years of age [2]. The pathogenesis of pSS is not fully elucidated
(Fig. 1), but the disease has been recognized as the result of a complex
interplay between immunological, genetic and environmental factors
implying both innate and adaptative immunity. Despite autoimmune
conditions are principally due to T and B lymphocytes, NK cells also
appear to play a role in the promotion and/or maintenance of altered

adaptive immune responses or in peripheral tolerance mechanisms [3].
pSS follows a typical multistep model of human autoimmune diseases
characterized by loss of immunologic tolerance to self-antigens, per-
missive production of autoantibodies, and subsequent emergence of
clinical symptoms [4,5]. To date, no immunomodulatory drug has
proved efficacious in pSS. Severe organ manifestations are generally
treated in accordance with current practice and guidelines for SLE or
other connective-tissue diseases. Thus, several unmet needs remain for
the treatment of pSS, and the medical community is avid for treatments.
New research has improved our understanding of disease mechanisms,
with notable advances in our knowledge about the genetic suscept-
ibility of disease [6], the complex role of interferon pathways [7] and
the molecular process of the chronic autoimmune response in exocrine
glands [8]. The pipeline of drugs under development for the treatment
of pSS is enriched with novel biologics and small molecular entities
targeting these pathogenic processes such as in Systemic Lupus
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Erythematosus (SLE) [9,10]. The purpose of this systematic review is to
provide the reader with an updated view of targeted therapies currently
under clinical development in pSS.

2. Methods

We performed a systematic review of all targeted therapies under
clinical development in pSS, in the main online registries of clinical
trials. Targeted therapies were defined as drugs specifically designed to
block certain molecules, receptors, or pathways involved in the devel-
opment of autoimmune diseases. Clinical development stages were
defined as phases I, II & III. Were excluded from this systematic review
all pharmacological agents leading to a non-specific blockade of the
immune system, such as classical immunosuppressive agents. Two au-
thors (R.F. & F.S.) searched 17 national and international databases of
clinical trials (Table 1) using the keywords “Sjögren's syndrome”,
“Sjögren” and “Sjogren” (date of search: the 13th of May 2018). Expert
feedback was used to identify additional trials. Duplicates were ex-
cluded and each study was subsequently classified in consensus as
whether it involved or not a targeted therapy for pSS, based on the
descriptions provided in the registries or additional evidence gathered
through the main internet search engines. Finally, targeted therapies for
pSS were classified according to their mechanisms of action, and the
current stage of drug development was extracted from the registries.

3. Results

Our search identified 264 trials, from which 25 targeted therapies
for pSS were included in this review. The study selection process and
reasons for exclusion are shown in Fig. 2. For each therapy, we con-
sidered only the study at the most advanced stage of clinical develop-
ment.

The candidate drugs reached phase I (n =2), I/II (n =1), Phase II
(n =19), phase II/III (n= 2) and phase III (n= 1). The 23 corre-
sponding trials were completed (n =8), recruiting (n =6), terminated
(n =4), active but not recruiting (n=4) and withdrawn (n=1).

Molecules under current clinical development for pSS target B cells
(n =4), T cells or T/B cells costimulation (n =5), inflammatory cyto-
kines or chemokines and their receptors (n= 5), intracellular signalling
pathways (n =7) and various other targets identified in pSS (n=4)
(Fig. 1).

3.1. B cell therapies

B cells can be selectively targeted either via direct B cell molecules
such as CD20 or by inhibition of B cell survival factors such as B lym-
phocyte stimulator (BLyS/BAFF).

Four molecules target B cells (Fig. 3 and Table 2), assessed in 5
trials: phase II (n =4, 2 recruiting, 1 completed and 1 terminated) or

Fig. 1. The complex pathogenesis of pSS and targets of pSS treatments

1. Targeting B cells
2. Targeting T cells or B/T cells co-stimulation
3. Targeting cyto/chemokines and their receptors
4. Small molecules targeting intracellular signalling pathways
5. Other mechanisms of action
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phase II/III (n =1 completed).
The use of rituximab, a chimeric anti-CD20 antibody, in patients

with pSS has been investigated in four completed randomised con-
trolled trials [11–14] showing no significant improvement in a com-
posite primary end-point or for fatigue or oral dryness in the larger
studies [13,14]. However, most experts agree that rituximab may be
useful for the treatment of some systemic manifestations of pSS, espe-
cially cryoglobulinemia-induced vasculitis [15,16].

An open-label phase II study suggested the efficacy of belimumab,
an inhibitor of BAFF, in 60% of patients, as assessed by an improvement
in at least two of five disease indicators, including dryness, pain, fa-
tigue, systemic activity, and B-cell biomarkers [17]. However, there
was no significant improvement in salivary flow or tear production as
assessed by Schirmer's test.

After rituximab treatments, serum BAFF levels increased when B
cells were depleted from the circulation in pSS patients. When B cells
reappeared, BAFF levels declined [18]. Given the role of BAFF in pSS,
combination of anti-BAFF treatment with rituximab may lead to a

prolonged reduction of (autoreactive) B cells. Sequential therapy with
belimumab followed by rituximab or their co-administration may also
be effective for pSS-related B-cell lymphoproliferation [19]. The safety
and the efficacy of subcutaneous belimumab and intravenous rituximab
co-administration are currently under evaluation in a phase II (re-
cruiting) study.

Another treatment targeting BAFF is under evaluation: VAY736 an
anti-BAFF-Receptor (recruiting phase II). Of note, tibulizumab, an anti-
BAFF and anti-IL17A bispecific antibody is also being evaluated (phase
I, active, not recruiting, cf. Other mechanisms of action).

Baminercept a Lymphotoxin-Beta receptor fusion protein has been
tested in a phase II study, which is terminated. Despite an ESSDAI
improvement significantly higher in the baminercept group than with
placebo, baminercept therapy was no more effective than placebo for
increasing salivary flow or reducing ocular dryness, and was accom-
panied by an imbalance in transaminase elevations and 2 cases of re-
versible grade 3 hepatic injury [20].

Table 1
List of international and national databases of clinical trials used for this systematic review.

Name of the database Number of pSS trials indentified Website URL

ClinicalTrials.gov 154 https://clinicaltrials.gov
EU Clinical Trials Register (EU-CTR) 37 https://www.clinicaltrialsregister.eu
Japan Primary Registries Network 28 http://www.umin.ac.jp/ctr/
ISRCTN (International Standard Randomised Controlled Trial Number) 18 https://www.isrctn.com
German Clinical Trials Register 12 https://www.drks.de
The Netherlands National Trial Register 5 http://www.trialregister.nl
Australian New Zealand Clinical Trials Registry 2 https://www.australianclinicaltrials.gov.au
Chinese Clinical Trial Registry 2 http://www.chictr.org.cn
Cuban Public Registry of Clinical Trials 2 http://registroclinico.sld.cu
Brazilian Clinical Trials Registry (ReBec) 1 http://www.ensaiosclinicos.gov.br
Clinical Research Information Service - Republic of Korea 1 https://cris.nih.go.kr
Clinical Trials Registry - India 1 http://ctri.nic.in
Iranian Registry of Clinical Trials 1 www.irct.ir
Pan african Clinical Trial Registry 0 http://www.pactr.org
Peruvian Clinical Trials Registry 0 http://www.ensayosclinicos-repec.ins.gob.pe
Sri Lanka Clinical Trials Registry 0 http://slctr.lk
Thai Clinical Trials Register 0 http://www.clinicaltrials.in.th

Fig. 2. Flow-chart of study selection.
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3.2. Inhibition of T cells or B/T cell co-stimulation

Two distinct signals are necessary for the activation of T cells. The
first signal involves the binding of antigen to the T-cell receptor. The
second signal occurs with the interaction between receptor–ligand pairs
on the T cells and antigen presenting cells that include the B cells.

Five molecules targeting T cells or the B/T cell co-stimulation have
been evaluated in pSS (Fig. 3 and Table 2): in phase II (n =4, 2 ter-
minated, 1 active, but not recruiting and 1 recruiting) or phase III
(n =1, active but not recruiting).

The interaction of CD80 or CD86 molecule on B cells and CD28 on T
cells provides an important second co-stimulatory signal for T-cell ac-
tivation, which is important for the subsequent production of antibodies
by the B cells. A fusion protein consisting of CTLA4 and an im-
munoglobulin chain (CTLA4-Ig or abatacept) binds CD80 or CD86 with
a higher affinity than CD28 and inhibits this co-stimulatory pathway.
Abatacept is being assessed in pSS in a phase III study (active but not
recruiting) after two phase II open-label trials [21,22].

Another receptor–ligand pair, CD40 (on B cells) and CD40L or
CD154 (on T cells), also provides an important co-stimulatory signal for
T- and B-cell activation. CFZ533, an anti-CD40 antibody is currently
being tested in a recruiting phase II trial with preliminary results pre-
sented at the 2017 ACR congress [23].

ICOS and its ligand (ICOSL) have been shown to play diverse roles
in T-cell responses such as mediating autoimmunity as well as enhan-
cing the development/activity of regulatory T cells (Tregs).
Prezalumab, an anti-ICOS antibody and AMG 557, an anti-B7RP-1
(ICOSL) antibody is being evaluated in phase II (active but not re-
cruiting).

Lulizumab pegol is an anti-CD28 monoclonal antibody. CD28 is the
co-receptor for the T cell receptor. Lulizumab pegol has been assessed in
a phase II trial which was prematurely terminated.

Efalizumab is a recombinant humanized monoclonal antibody
which binds to CD11a. Efalizumab has been evaluated in autoimmune
diseases, including pSS, but was associated with fatal brain infections
and was withdrawn from the market in 2009.

Fig. 3. B cells, T cells and B/T cells co-stimulation targeting therapies.

Table 2
Molecules targeting B cells, T cells or B/T cell co-stimulation.

Molecules Mechanisms of action Current development Phase Current development Stage

B cells
Rituximab anti-CD20 Phase 2|Phase 3 Completed
Belimumab anti-BAFF Phase 2 Completed
Belimumab/Rituximab anti-BAFF/anti-CD20 Phase 2 Recruiting
VAY736 anti-BAFF-R Phase 2 Recruiting
Baminercept Lymphotoxin-Beta Receptor Fusion Protein Phase 2 Terminated

T cells or B/T cell co-stimulation
Abatacept CTLA-Ig Phase 3 Active, not recruiting
CFZ533 anti-CD40 Phase 2 Recruiting
Lulizumab pegol anti-CD28 Phase 2 Terminated
Prezalumab anti-B7RP-1 (ICOSL) Phase 2 Active, not recruiting
Efalizumab anti-CD11a Phase 2 Terminated
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3.3. Targeting cytokines and their receptors

Five treatments targeting inflammatory cytokines/chemokines or
their receptors have been tested in pSS (Fig. 4 and Table 3), in phase II
(n =4, 3 completed, 1 withdrawn) or phase II/III (n =1, active but not
recruiting).

TNF-α is a pleiotropic pro-inflammatory cytokine. The over-
expression of TNFα has been detected in glandular lesions both in an-
imal models of primary SS and in humans [24,25]. A randomised phase
II controlled trials of infliximab [26] (which has not been identified by
our registry search) and etanercept [27] showed no significant im-
provement in a composite primary outcome on a visual-analogue scale

Fig. 4. Cytokines and chemokines (or their receptors) targeting therapies and small molecules targeting intracellular signalling pathways.

Table 3
Molecules targeting cytokines, chemokines or their receptors, small molecules targeting intracellular signalling pathways and molecules with other mechanisms of
action.

Molecules Mechanisms of action Current development Phase Current development Stage

Cytokines, chemokines or their receptors
Etanercept anti-TNF Phase 2 Completed
Tocilizumab anti-IL-6R Phase 2|Phase 3 Active, not recruiting
hrIL-2 Low dose of IL-2 Phase 2 Completed
Anakinra anti-IL-1RA Phase 2 Completed
GSK2618960 anti-IL-7Rα Phase 2 Withdrawn

Small molecules targeting intracellular signalling pathways
Filgotinib selective JAK1 inhibitor Phase 2 Recruiting
GS-9876 Syk inhibitor
Tirabrutinib BTK inhibitor
BMS-986142 BTK inhibitor Phase 2 Terminated
Seletalisib selective PI3Kδ inhibitor Phase 2 Terminated
Leniolisib selective PI3Kδ inhibitor Phase 2 Completed
Iguratimod suppression of nuclear factor kappa B (NF-kB) activation Phase 1|Phase 2 Recruiting

Other mechanisms of action
Tibulizumab anti-BAFF and anti-IL17A Phase 1 Active, not recruiting
MEDI7734 anti-ILT7 (pDCs) Phase 1 Completed
RSLV-132 RNase-Fc fusion protein Phase 2 Recruiting
RO5459072 Cathepsine-S inhibitor Phase 2 Completed
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of joint pain, fatigue, and dryness.
Anakinra, an anti-IL1RA antibody, has been tested in a phase II trial

in which did not reach its primary endpoint [28].
IL-6 is mainly secreted by activated macrophages and T cells and is

induced by other cytokines such as TNF and IFN. Serum IL-6 is in-
creased in serum, saliva, and tears of patients with pSS [29,30]. IL-6
plays a pivotal role in B-cell activation, a hallmark of the pathogenesis
of pSS, as well as in T-cell differentiation. Tocilizumab, a recombinant
humanized anti-IL-6R monoclonal antibody is being tested in a phase
II/III placebo-controlled study (active but not recruiting).

Treatment with low-dose IL-2 selectively enhances Tregs functions
[31] while avoiding the activation of effector T cells and may therefore
improve immune inflammation. Administration of low doses of IL-2 to
pSS patients has been tested in a completed phase II trial (pending re-
sults).

GSK2618960 is a humanized Immunoglobulin G1 monoclonal an-
tibody that binds to the alpha component (CD127) of the heterodimeric
Interleukin-7 receptor (IL-7R). The molecule has been evaluated in a
phase II study (stopped for portfolio prioritization).

Tibulizumab is an anti-BAFF and anti-IL17A bispecific antibody,
being evaluated in an active phase I study (cf. Other mechanisms of
action).

3.4. Small molecules targeting intracellular signalling pathways

Seven small molecules targeting intracellular signalling pathways
are in the pSS pipeline (Fig. 4 and Table 3), in five trials of phase II
(n =4, 2 terminated and 1 completed, 1 recruiting) or phase I/II
(n =1, recruiting).

PI3kδ is a signalling molecule crucial for BAFF receptor 3 function
[32], two studies are now underway in pSS to investigate the potential
benefits of a small molecule selective PI3kδ inhibitor: Leniolisib
(completed phase II, pending results) and seletalisib [33](terminated
phase II, study stopped prematurely due to enrolment challenges).

Because type I interferons signal through JAKs to induce IFN-sti-
mulated gene expression [34], therapeutic inhibitors of JAKs have ap-
peared as potentially valuable drugs in pSS. Filgotinib an highly se-
lective JAK1 inhibitor [35] is being evaluated in a recruiting phase II
trial. In the same trial, two others arms are evaluating GS-9876, a
Spleen tyrosine kinase (Syk) inhibitor and tirabrutinib a Bruton's Tyr-
osine Kinase inhibitor (BTKi). Syk is involved in the regulation of the
TLR7/9 pathway in human pDCs [36]. BTK is a cytoplasmic, non-re-
ceptor tyrosine kinase that transmits signals from a variety of cell-sur-
face molecules, including the B-cell receptor (BCR) [37]. Another BTKi,
BMS-986142, a, has been tested in a phase II study which was prema-
turely terminated because of an inability to meet protocol objectives
and the withdrawnal of lulizumab tested in an other arm of the same
trial.

Iguratimod, a small molecule used as a novel disease-modifying
antirheumatic drug for treatment of rheumatoid arthritis in Japan and
China displayed significantly inhibition of immunoglobulin production
and suppression of IL-1, IL-6 and TNF [38] through NFkB pathway [39].
Iguratimod is being assessed in a currently recruiting phase I/II trial.

3.5. Other mechanisms of action

Four molecules with other mechanisms of action are in the pSS pi-
peline (Table 3): two in phase II (1 completed, 1 recruiting) and two in
phase I (1 completed, 1 active, not recruiting).

Tibulizumab, an anti-BAFF and anti-IL17A bispecific antibody is
being evaluated in an active phase I study. The expression of IL-17 is
increased in patients with pSS and IL-17 level correlates with the dis-
ease severity of pSS [40].

MEDI7734 an anti-ILT7 antibody targets plasmacytoïd dendritic
cells (pDCs) and has been tested in a completed phase I. pDCs produce
type I interferon (IFN) after Toll-like receptor (TLR) activation. Human

pDCs preferentially express immunoglobulin-like transcript 7 (ILT7),
which couples with a signalling adapter to activate a prominent im-
munoreceptor tyrosine-based activation motif (ITAM)–mediated sig-
nalling pathway [41].

RSLV-132, a fully human biologic Fc fusion protein of human RNase
and Fc domain of human IgG1, is assessed in a recruiting phase II study.
The drug is designed to remain in circulation and digest extracellular
RNA with the aim of preventing activation of the immune system via
Toll-like receptors and the interferon pathway [42].

Inhibition of cathepsin-S in vivo alters autoantigen presentation and
development of organ-specific autoimmunity [43]. RO5459072, a ca-
thepsin-S inhibitor [44] has been evaluated in a completed phase II trial
(pending results).

4. Conclusion

Primary Sjögren's syndrome (pSS) definitely lacks any specific im-
munosupressive treatment. In pSS, the mainstay of therapeutic options
is delivered mostly by off-label therapies. Modern drug development
has resulted in no approval of therapy so far. One could speculate
whether some previous controlled trials revealed negative in pSS be-
cause of the inefficacy of the evaluated drug or because of the adopted
clinical trial design. Therefore, the proper definition of optimal out-
come measures is crucial to set up new clinical trials in pSS. The cur-
rently ongoing trials all included only patients with systemic compli-
cations and based the definition of their primary outcome criteria on
the change in the internationally validated ESSDAI score [45]. Along
with improvements in the understanding of the pathogenesis of pSS,
this allows to be reasonably optimistic on the future development of
effective targeted therapies in pSS.
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