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Introduction
Sjögren’s syndrome (SS) is a chronic autoim-
mune disorder whose typical manifestations are 
oral and ocular dryness. SS is defined as primary 
(p) when it presents alone and secondary when 
associated with other diseases, such as rheuma-
toid arthritis (RA) and systemic lupus erythema-
tosus (SLE).1,2 In both variants of the disease, 
the sicca complaints are the result of mononu-
clear infiltration of the salivary and lacrimal 
glands. The clinical spectrum of pSS may vary 

from signs and symptoms arising from the iso-
lated involvement of salivary and lachrymal 
glands, or more rarely of other exocrine glands, 
to manifestations derived from the involvement 
of different organs or systems. The ‘so-called’ 
systemic extraglandular involvement is present in 
approximately 60% of patients with pSS. The 
extraglandular features can be classified as perie-
pithelial when driven by lymphocytic infiltration 
around epithelial tissues of parenchymal organs 
such as lung, kidney and liver, or mediated by the 
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microvascular deposition of immune complexes 
that may cause purpura, glomerulonephritis and 
peripheral neuropathy.2 Similarly to what hap-
pens in other autoimmune systemic disorders, in 
a relevant number of cases, pSS is characterized 
by B-cell hyperactivity and consequently by 
hypergammaglobulinaemia and production of 
autoantibodies, namely rheumatoid factor (RF) 
and anti-Ro and anti-La antibodies (see Figure 
1).1,2

The fact that SS can present such a wide spec-
trum of clinical features suggests that variable 
pathogenetic mechanisms may be operative in the 
different subsets of patients. This hypothesis is 
supported by the findings that mononuclear cell 
amount and organization as well as T/B-cell ratio 
in the infiltrates of target tissues, gammaglobulin 
and antibody levels in the serum, cytokine expres-
sion in both peripheral blood and glands, can be 
completely different in patients with the disease 
limited to exocrine gland aggression or character-
ized by extraglandular features (see Figure 1). 
Even the impact of fatigue, which represents one 
of the major contributors to the impaired quality 
of life in patients with pSS, is variable in different 

subsets of patients with this disorder. The patho-
genetic mechanisms underlying this feature are 
still far from being completely understood.3 
Severe fatigue has been described in approxi-
mately one third of the patients and found to be 
closely associated with arthralgias/myalgias, wide-
spread pain assuming the clinical aspect of fibro-
myalgia, anxiety, depression and impaired sleep 
patterns.3 Unexpectedly, the levels of proinflam-
matory cytokines are inversely related to patient-
reported levels of fatigue.4 These data may help to 
explain why treating inflammation does not nec-
essarily improve fatigue in patients with pSS and 
may raise doubts about the previously formulated 
hypothesis that proinflammatory cytokines 
directly mediate fatigue in chronic immunological 
conditions. In addition, some data suggest that 
widespread pain, which is closely related to 
fatigue, is predominant in seronegative patients 
without extraglandular involvement.5

On the opposite site, the presence of immune-
complex-mediated features, together with salivary 
gland enlargement, cryoglobulinemia, hypocom-
plementemia, lymphopenia, germinal centre-like 
organization of mononuclear  infiltrates in the 

Figure 1. Schematic representation of the heterogeneity of the clinical, serological and histopathological 
features in patients with Sjögren’s syndrome (pSS). The pattern of expression in the subgroups with limited 
glandular manifestations (on the left) and immune-complex-mediated extra-glandular features (on the 
right) are certainly better known than those of patients with periepithelial lesions (in the middle). It may 
be supposed that this latter subgroup may have intermediate clinical and pathologic features and present 
specific serological markers.2 BAFF, B-cell activating factor; GC, germinal centre; IC, immune complex; IFN, 
interferon; Th17, T helper 17; TI, tubulo-interstitial; Abs, antibodies.
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salivary glands, RF positivity, hypergammaglob-
ulinemia with monoclonal component charac-
terize the patients with more severe extraglandular 
manifestations, highest levels of disease activity 
and high risk to develop lymphoma in the course 
of pSS.6–8

Substantial progress has been made in recent years 
in the knowledge of the main biological pathways 
that are activated in the disease course. Additionally, 
the advances in molecular biology have opened up 
the possibility of developing specific target thera-
pies that are potentially able to interfere with or 
block the main cells or biological molecules that 
are believed to play fundamental roles in SS patho-
genesis. This has enhanced international efforts to 
conduct randomized controlled studies in the set-
ting of pSS. To do so, reliable and accurate classi-
fication criteria have been developed to select 
homogeneous groups of patient to be enrolled in 
clinical trials. Moreover, validated and sensitive 
outcome measures have been constructed with the 
purpose of accurately assessing the results of any 
innovative therapeutic intervention.

Main pathogenetic mechanisms of SS

Innate immunity mechanisms
Interferons. Several studies in both peripheral 
blood9 and minor salivary gland (MSG) tis-
sues10,11 from patients with pSS have shown an 
upregulation of genes induced by type I interferon 
(IFNα and β), type II IFN (IFNγ) or both. This 
phenomenon has been defined as the IFN signa-
ture and it is shared by other systemic autoim-
mune disorders like SLE. Plasmacytoid dendritic 
cells are considered the main source of IFNα,11 
while T helper 1 (Th1) CD4+ cells and natural 
killer (NK) cells are believed to be the main IFNγ 
producers in pSS salivary gland tissues.10 Type I 
IFN signature seems to be prevalent in the periph-
eral blood of patients with SS whereas type II 
IFN signature appears to be predominant in SS 
salivary gland biopsies.12

Once produced, probably after a local infection of 
still unidentified viruses and the consequent acti-
vation of some toll-like receptors, type I IFNs 
induce apoptosis of salivary epithelial cells, expo-
sure of endogenous autoantigens to the immune 
system, upregulation of B-cell activating factor 
(BAFF) expression, increased B-cell survival and 
differentiation, and ultimately autoantibody pro-
duction and immune complex formation.13

Proinflammatory cytokines. It has been widely 
documented that some proinflammatory cyto-
kines, such as interleukin (IL)-1, tumour necrosis 
factor (TNF)-α and IL-6 are upregulated in sali-
vary gland tissue obtained from patients with 
pSS.14 IL-6 certainly plays an important role in the 
differentiation of extrafollicular Th cells, germinal 
centre B cells and plasma cells. IL-6 levels were 
also found to be increased in serum, saliva and 
tears of patients with pSS. Salivary gland epithelial 
cells from patients with this disorder have been 
shown to produce IL-6.15 The mechanisms of 
action of IL-6 are now better known and may open 
up new therapeutic possibilities for the treatment 
of pSS. IL-6 binding to its specific receptor leads 
to homodimerization of the receptor component 
gp130, which mainly results in the activation of the 
Janus kinase 1 (JAK1), and the subsequent phos-
phorylation of the signal transducer and activator 
of transcription 3 (STAT3).16 STAT3 plays a cen-
tral role in transmitting cytokine signals to the 
nucleus and promoting cell proliferation and anti-
apoptotic signals.17,18 Furthermore, the JAK1/
STAT3 pathway might be involved in other func-
tions, such as increased expression of IFNγ in Th1 
cells, and of IL-17 in Th17 cells, respectively.19

Adaptive immunity mechanisms
Antigen presentation. Cathepsin S is an endopro-
tease located in the lysosomes of antigen-present-
ing cells. It is involved in controlling autoantigen 
presentation to CD4+ T cells by interfering with 
the binding of major histocompatibility complex 
II molecules.20 Increased levels of cathepsin S 
have been found in the tears of patients with SS.21

Costimulation. Costimulation is a central event in 
the perpetuation and amplification of autoim-
mune response; B7 (CD80 and CD86) molecules 
expressed on classic antigen-presenting cells play 
a critical role in enhancing immune responses by 
providing activation signals to T cells, through 
their link to the CD28 receptor. The cytotoxic T 
lymphocyte antigen 4 (CTLA4) molecule is the 
counterpart of this system, competing with CD28 
for the link with B7 molecules, and thus has an 
inhibitory effect on the costimulatory system. The 
second type of costimulatory molecule is repre-
sented by the interaction of the CD40 molecule 
on B cells with the CD40 ligand on antigen-pre-
senting cells, T cells, endothelial and epithelial 
cells, and B cells. In pSS, CD80, CD86 and 
CD40 molecules were found to be expressed on 
salivary gland epithelial cells, indicating that these 
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costimulatory systems are locally activated.22 The 
inhibition of the costimulatory signals is consid-
ered crucial for the treatment of autoimmune 
diseases.

B-cell activation. B-cell activation is considered 
a key pathogenetic mechanism of SS. Hyper-
gammaglobulinemia, formation of germinal cen-
tre-like structures in the infiltrated salivary gland 
tissue, production of RF and autoantibody 
directed against ribonucleoproteins are the bio-
logical phenomena related to the increased 
B-cell presence and activation.23 Although the 
pathways influencing B-cell activation in pSS 
remain partially unknown, many studies have 
indicated that a number of genes are involved in 
B-cell survival, proliferation and signalling.24 
The increased number of B cells among the 
mononuclear cells infiltrating salivary gland tis-
sue, namely in the germinal centre-like struc-
tures, suggests the antigen-driven nature of the 
local immune response.

BAFF/BAFF receptor interaction. The B-cell acti-
vating factor (BAFF) axis comprises two ligands, 
which are BAFF itself (named also Blys) and the 
‘a proliferating-inducing ligand’ (APRIL), and 
three related receptors (BCMA, TACI, BR3) with 
different affinity for the two ligands.25 BAFF is a 
member of the TNF family that acts by prolong-
ing the survival of circulating B cells. Its binding 
to the corresponding receptors inhibits intracel-
lular apoptotic pathways and provides survival 
signals for B cells.26 High BAFF levels have been 
found in patients with pSS, and have been shown 
to be associated with the specific immunological 
markers of the disease, systemic disease activity 
and lymphoproliferative features, such as mono-
clonal lymphocytic selection, myoepithelial sial-
adenitis and lymphoma. In addition, it has been 
suggested that the abnormal BAFF signal found 
in B cells infiltrating the salivary glands can play a 
key role in the formation of ectopic germinal cen-
tres,14 survival of self-reactive B cells, and their 
localization to follicle/marginal zone niches.27

B-cell receptor (BCR) signalling. BCR activation 
is another mechanism that is able to induce B-cell 
survival, proliferation, functional differentiation 
and migration. These findings may suggest new 
rationale ways for targeting B-cell signalling in 
pSS. Some kinases, such as phosphatydil-inositol 
3-kinase delta isoform (PI3Kδ), and Bruton’s 
tyrosine kinase (BTK), are crucial in B-cell recep-
tor (BCR) signal transduction. The blockade of 

these kinases has recently been licensed for the 
treatment of chronic lymphocytic leukemia.28 
Recent data support activation of the PI3Kδ 
pathway in affected salivary gland tissues from an 
animal model of SS.29 Moreover, BTK levels were 
shown to be increased in circulating B cells of a 
significant percentage of patients with pSS, in 
association with high serum RF levels.30 Even 
spleen tyrosine kinase (Syk) seems to have an 
important role in inducing B-cell differentiation 
and proliferation after the engagement of BCR in 
lymphoma and autoimmune disease such as sys-
temic lupus and pSS.31

CD22 is a type I transmembrane protein 
expressed on most mature B lymphocytes. It acts 
as a coreceptor of BCR and its engagement by 
specific reactants, such as high-affinity monoclo-
nal antibodies, may induce an intensification of 
the normal inhibitory role of CD22 on the BCR, 
leading to reduced signalling and diminished acti-
vation of B cells.32

Ectopic germinal centre formation. The formation of 
ectopic germinal centres is increasingly recognized 
as a crucial mechanism in the pathogenesis of SS 
and other systemic autoimmune diseases. Germinal 
centre formation in the salivary glands of patients 
with pSS is associated with higher focus scores, RF 
positivity and anti-Ro/La positivity, the presence of 
extraglandular manifestations, and it is considered 
as a marker of lymphoma development.33,34 An 
increased number of CD4-T follicular helper cells 
and follicular dendritic cells have been found in the 
salivary glands of patients with SS. These cells prob-
ably participate in the germinal-like centre organiza-
tion and may drive B-cell differentiation towards 
memory B cells and plasma cells.35,36

Finally, it has recently been demonstrated that a 
large number of biological effector molecules may 
take part in the formation and maintenance of 
germinal-centre-like structures. These biological 
mediators include some cytokines, such as IL-21 
and IL-22, chemokines CCL19 and CCL21, and 
chemokine receptors CXCL12 and CXCL13.37,38 
The fact that Th17 cells (a CD4+ Th subtype 
implicated in the pathogenesis of SS) are a major 
source of IL-21 and IL-22 seems to provide a 
rationale for targeting these cells in future thera-
peutic interventions.39 Some data suggest that a 
synergistic role in this pathologic network may be 
played by lymphotoxin β. Its receptor blockade in 
the NOD mouse model of SS led to reduction of 
B-cell accumulation in lacrimal glands.40
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Classification criteria and outcome measure 
for SS
Given the advances in the knowledge of the 
pathogenetic mechanisms of SS, and the increas-
ing availability of biological agents that are able to 
target the activated pathways in the disorder, a 
growing interest has arisen in assessing the most 
effective way of conducting clinical trials. The 
2016 American College of Rheumatology/
European League Against Rheumatism (ACR/
EULAR) classification criteria for pSS represent 
an important advancement in reaching an agree-
ment on the way to select patients to be recruited 
for clinical studies.41,42

These criteria are the last step of a lengthy scien-
tific process that started a long time ago and has 
produced a plethora of different classification 
criteria sets.43 The new ACR/EULAR classifica-
tion criteria are applicable either to patients with 
at least one symptom of ocular or oral dryness 

[verified by using the validated questionnaire 
previously included in the American European 
Consensus Group (AECG) classification crite-
ria],44 or to patients with at least one of the sys-
temic features listed in ESSDAI (EULAR SS 
Disease Activity Index).45 The criteria are based 
on five objective items and the individuals are 
classified as having pSS if they have a total score 
of at least 4, derived from the weighted sum of 
the five items. Anti-SSA/Ro antibody positivity 
and focal lymphocytic sialadenitis with a focus 
score of at least 1 focus/4 mm2 of tissue have the 
highest weight in the criteria set, each scoring 
three points (Table 1).

The inclusion of the salivary gland ultrasono-
graphic (US) examination has been proposed 
among the classification items. However, consen-
sual US procedures and validated US scoring sys-
tems are needed before considering this 
possibility.46

Table 1. The 2016 ACR/EULAR classification criteria for pSS.20

Consensus criteria items for the classification of pSS:

Abnormal unstimulated salivary flow rate* (⩽0.1 ml/min) (1 point)

Abnormal Schirmer’s test (<5 mm in 5 min) (1 point)

Abnormal findings with lissamine green or fluorescein staining  

⩾5 in Ocular Staining Score or ⩾4 in Van Bijsterveld Score (1 point)

Presence of anti-Ro/SSA antibodies (3 points)

Histological evidence of focal lymphocytic sialadenitis,$ with a focus score ⩾1 focus/4 mm2 
(1 focus = 50 lymphocytes/4 mm2)

(3 points)

Diagnosis is considered established if score ⩾4 points, after application of inclusion and 
exclusion criteria

Inclusion criteria:

  Dryness of eyes or mouth for at least 3 months, not explained otherwise (e.g. medications, 
infection)

 

Exclusion criteria:

 Status post head/neck radiation  

 HIV/AIDS  

 Sarcoidosis  

 Active infection with hepatitis C virus (PCR replication rate)  

 Amyloidosis, graft versus host disease, IgG4-related disease  

The lack of any other potentially associated disease is the key requirement for classification 
as pSS
*The patient is asked to sit still, not to speak or to chew for 5–15 min; the saliva produced during this time is transferred 
to a test tube and weighed.
$Biopsy: removal of 3–5 labial minor salivary glands from the lower lip under local anaesthesia; fixation of biopsy 
material in formalin and HE staining.
ACR/EULAR, American College of Rheumatology/European League Against Rheumatism; AIDS, acquired 
immunodeficiency syndrome; HE, hematoxylin and eosin stain; HIV, human immunodeficiency virus; IgG, 
immunoglobulin G; PCR, polymerase chain reaction; pSS, primary Sjögren’s syndrome.
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With respect to the 2002 AECG criteria that have 
represented the most used classification criteria in 
the last 15 years,47 the exclusion criteria of the 
ACR/EULAR criteria have also been updated. 
Immunoglobulin G4 (IgG4)-related disease has 
been added and it has been established that hepa-
titis C infection has to be confirmed by evidence 
of viral genome in peripheral blood. Finally, pre-
existing lymphoma has been removed from the 
exclusion criteria.41,42

The 2016 ACR/EULAR classification criteria 
have again pointed out the central role of MSG 
biopsy and specific autoantibodies for pSS classi-
fication. Recently, consensus guidelines on how 
to correctly perform a salivary gland biopsy and 
the related histopathologic examination have 
been released by an expert group for application 
in clinical research and in clinical trials.48

In the last 5 years the EULAR task force on pSS 
has proposed and validated two new tools for 
assessing disease activity and patient-reported 
outcomes. The ESSDAI45 is a multidomain scor-
ing system in which each domain (constitutional, 
lymphadenopathy, glandular, articular, cutane-
ous, respiratory, renal, muscular, peripheral nerv-
ous system, central nervous system, haematological 
and biological) can be separately scored. Each 
domain score is also stratified according to the 
severity of the manifestations. The ESSDAI has 
been validated and the minimal clinically signifi-
cant difference was defined as a reduction of the 
activity score of at least three points.49

A second tool, the EULAR Sjögren’s syndrome 
patient-reported index (ESSPRI), has been cre-
ated with the purpose of assessing the subjective 
symptomatology of patients. The total score of 
ESSPRI is defined as the mean score of three 
Lykert’s numerical scales for dryness, pain and 
fatigue.50 The minimal clinically significant dif-
ference has also been defined as an improvement 
of at least one point or 15% of the baseline 
value.49

The ESSDAI and ESSPRI are increasingly being 
used as inclusion criteria and endpoints in clinical 
trials evaluating innovative therapies for pSS. 
Moreover, their use in clinical practice could also 
be recommended.

It has also been suggested that, in trials aimed at 
evaluating the effectiveness of any experimental 
drug on patients with systemic features, those 

with at least moderate activity (ESSDAI ⩾5) are 
the best candidates to be included.49 However, it 
has been pointed out that patients with an 
ESSDAI greater than 13, and so with a well 
known increased mortality risk, should be 
excluded. A ESSDAI greater than 13 has also 
been suggested as an additional risk factor for the 
development of lymphoma in the following course 
of the disease.49,51

Similarly, in trials devoted to evaluating the effi-
cacy of any drug on subjective symptoms, it has 
been suggested that patients who have an unsatis-
factory symptom state corresponding to a ESSPRI 
of at least 5 should be selected.49

A modified ESSDAI scoring system, the so-called 
ClinESSDAI, has been derived from the ESSDAI 
by exclusion of the biological domain.52 This new 
scale for systemic disease activity was built to 
eliminate problems of collinearity in trials in 
which biomarkers included in the biological 
domain of the original ESSDAI were analysed as 
separate outcome measures. The psychometric 
properties of ClinESSDAI, including reliability 
and sensitivity to change, are similar to those of 
ESSDAI.52

Other disease-specific indexes have been devel-
oped for evaluation of subjective features of the 
patients, such as the Profile of Fatigue and 
Discomfort (PROFAD) and Sicca Symptoms 
Inventory (SSI). In addition, nondisease-specific 
indices have been proposed and used in clinical 
trials to assess the health-related quality of life 
and functional impairment (Short Form 36), as 
well as other aspects of disease burden such as 
anxiety, depression or sleep disorder.53

Management of sicca symptoms
Therapy of sicca complaints is crucial to improve 
the quality of life of patients with SS (see Table 
2). At the same time, this is a very difficult chal-
lenge for physicians since evidence-based treat-
ment options are few and most therapeutic 
procedures are empirically based.

General measures such as air humidification of 
the environment, namely of the bedroom, caries 
prevention, and smoking cessation play an impor-
tant role. Treatment of dry eye requires a close 
and constant collaboration with an ophthalmolo-
gist. Various tear substitutes are available to treat 
keratoconjunctivitis sicca. The composition of 
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the tear substitutes varies in accordance with the 
complex physiology of the pathogenesis of dry eye 
which can be limited to lachrymal glands or may 
sometimes even compromise the meibomian 
glands. Generally, the use of preservative-free eye 
drops is preferred to avoid the development of 
local hypersensitivity phenomena. A randomized 
controlled trial (RCT) has shown that local anti-
inflammatory treatment with cyclosporine A eye 
drops can be effective.54 Pilocarpine and cemive-
line, which are effective in stimulating salivary 
flow, have also been proven to improve subjective 
complaints and objective signs of dry eye.55,56 The 
use of punctal plugs to block the drainage system 
is effective in increasing the residence time of 
both residual and instilled tears on the ocular 
surface.57

Treatment of oral dryness and related manifesta-
tions is usually conducted with the essential con-
tribution of dentists and otolaryngologists. In 
patients with pSS the decrease in saliva produc-
tion causes difficulty in swallowing dry foods, 
chewing and speaking, and increases susceptibil-
ity to multiple caries and oral infections such as 
dental caries, periodontal disease and oral can-
didiasis.58 Patients with pSS should be educated 
about the need for regular oral-health monitoring 
and care to prevent these infective processes.

Saliva substitutes, lubricating agents and mechan-
ical stimulation by chewing sugar-free gum are 
usually employed in patients with mild hypo-
sialia.59 Topical fluoride and fluoride toothpaste 

to prevent caries are also strongly recommended. 
A multicentre RCT has shown that mild intraoral 
electrostimulation can alleviate the oral dryness 
and had no adverse effects.60

In patients with moderate to severe oral dryness 
and with residual salivary-gland function, oral 
muscarinic agonists, such as pilocarpine or 
cevimeline, are the treatment of choice in the 
absence of contraindications.55,56 Commonly 
reported adverse effects include sweating, warmth 
and flushing sensation, increased urinary fre-
quency, headache and abdominal discomfort.

Systemic conventional treatment
The decision to adopt systemic treatment, and 
the choice of the specific treatment in pSS, is 
often driven by the level of disease activity and by 
the specifically involved organ system. The few 
RCTs evaluating the use of conventional disease-
modifying antirheumatic drugs (DMARDs) in 
patients with pSS did not provide conclusive evi-
dence supporting their efficacy.61,62 Thus, treat-
ment strategies are frequently based on 
experiences acquired in other autoimmune rheu-
matic diseases, such as SLE or RA. Following the 
indications given for other connective tissue dis-
orders and in view of its favourable side-effect 
profile, hydroxychloroquine (HCQ) is the drug of 
choice for various mild to moderate systemic 
manifestations, such as arthralgia, arthritis and 
cutaneous lesions. Unfortunately, a RCT on pSS 
failed to demonstrate any difference between 

Table 2. Some recommended treatments for sicca symptoms in patients with primary Sjögren’s syndrome.

Sicca manifestation Therapeutic measure (grade of recommendation)

Keratoconjunctivitis sicca Tear substitutes (A)

Secretagogues: pilocarpine, cevimeline (A)

Cyclosporine A eye drops 0.1% (B)

Short-term topical corticosteroids (C)

Punctal plugs (C)

Oral dryness Patient education

Avoid drugs that promote xerostomia (A)

Topical fluorides for caries prevention (A)

Secretagogues: pilocarpine, cevimeline (A)

Saliva substitutes, sugar-free chewing gum and electrostimulation of 
salivary glands (C)

Grades of Recommendation according to Centre for Evidence-based Medicine in Oxford:
(A) Evidence obtained from meta-analyses or at least one randomized controlled trial.
(B) Evidence from at least one well designed experimental study.
(C) Evidence from at least one well designed descriptive study or case–control studies.
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HCQ and placebo treated patients regarding sicca 
complaints, pain and fatigue.63 However, this 
study had significant limitations, such as the low 
disease activity of patients, the shortness of fol-
low-up time, and the use of nonvalidated end-
points. Treatment recommendations concerning 
corticosteroid use and immunosuppressive drugs 
are summarized in Table 3. Briefly, arthralgia and 
arthritis are usually treated, as happens in other 
inflammatory arthritides, with methotrexate or 
leflunomide, whereas severe organ manifestations 
can be successfully treated with high-dose meth-
ylprednisolone and cyclophosphamide. Severe 
cryoglobulinaemic vasculitis may favourably 
respond to plasmapheresis. Finally, patients with 
B-cell lymphoma should be referred to experi-
enced haematologists for a correct therapeutic 
approach that is usually based on lymphoma sub-
type and stage, according to current guidelines on 
the treatment of hemato-oncological disorders.64

Biological target therapies: present data 
and future perspectives

B-cell targeted agents
Targeting B cells is certainly a rationale thera-
peutic approach in diseases like SS, where B-cell 

hyperactivity is believed to be an essential patho-
genetic moment. Rituximab was the first anti-B-
cell receptor monoclonal antibody approved to 
treat B-cell lymphomas. It acts by blocking the 
CD20 B-lymphocytic receptor leading to B-cell 
depletion in peripheral blood by antibody- and 
complement-dependent cytotoxicity, and by the 
activation of apoptotic pathways.65 In pSS B 
cells infiltrate the glandular tissue around the 
ductal epithelium with the cooperation of stro-
mal cells and follicular dendritic cells that are 
essential for the organization of the germinal-
centre-like structures, mono-oligoclonal selec-
tion and possibly lymphoproliferation. It has 
been clearly shown that rituximab therapy 
induces a partial depletion of B cells in the sali-
vary glands.66 Contemporaneous reduction of 
T-follicular helper cells and salivary gland 
expression of IL-17 has also been reported.67 
This could be ascribed to the fact that B-cell 
reduction in the glands induces a reduction of 
the B-cell production of some cytokines that 
drive the differentiation and proliferation of 
Th17 cell subtype.

A number of open-label prospective studies have 
evaluated rituximab effectiveness in patients with 
pSS, while only a few RCTs have been completed 

Table 3. Some recommended systemic traditional treatment in patients with primary Sjögren’s syndrome.

Parotid swelling Short-term oral corticosteroids (D)
Antibiotic treatment, if required (D)

Arthritis Hydroxychloroquine (C)
NSAIDs
Short-term oral/intraarticular corticosteroids (C)
Other DMARDs as with rheumatoid arthritis (C)

Interstitial lung disease Corticosteroids, oral or intravenous (C)
Cyclophosphamide for active alveolitis (C)
Pirfenidone, nintedanib (C)

Tubulointerstitial nephritis Potassium and bicarbonate replacement (D)

Glomerulonephritis Corticosteroids, oral or intravenous (C)
Cyclophosphamide
Mycofenolate mofetil
(according to specific nephrologic guidelines)

Peripheral neuropathy Gabapentinoids (D)
Corticosteroids
IVIg (D)

Cryoglobulinemic vasculitis Corticosteroids, plasmapheresis (C)

Grades of Recommendation according to Centre for Evidence-based Medicine in Oxford:
(A) Evidence obtained from meta-analyses or at least one randomized controlled trial.
(B) Evidence from at least one well designed experimental study.
(C) Evidence from at least one well designed descriptive study or case–control studies.
(D) Evidence from expert opinion.
DMARD, disease-modifying antirheumatic drug; IVIg, intravenous immunoglobulins; NSAID, nonsteroidal anti-
inflammatory drug.
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so far. A wide range of outcomes were assessed in 
these studies, including sicca features, fatigue, 
pain, systemic features, quality of life and lym-
phoma development (Table 4).

The preliminary open-label studies and two pilot 
controlled trials on rituximab therapy for pSS 
demonstrated some improvement in some sub-
jective or objective parameters, or both.68–73,76 In 
spite of these encouraging results, two more 
recent large RCTs74,75 failed to reach the estab-
lished primary endpoints, and thus did not con-
firm the promising previous results, although 
some secondary endpoints were satisfied. A com-
posite scoring system which included dryness, 
pain, fatigue and global health evaluation, some 
objective diagnostic tests and ESSDAI score 
developed in a post hoc analysis of one of the RCT 
studies74 was found to be improved. In contrast to 
the poor clinical results obtained in the open-
label and controlled studies, it has been clearly 
shown that rituximab therapy is effective in reduc-
ing the level of some biological markers of the dis-
ease as IgM-RF, gammaglobulins and IgG, 
autoantibody levels and B-cell number in glandu-
lar infiltrates.77

A number of reasons can be postulated to explain 
why rituximab treatment was ineffective in the 
majority of the performed studies. The heteroge-
neity of the populations in the studies, and of the 
outcome measures that were used, certainly rep-
resent critical points. Some partially successful 
studies were carried out in patients with a short 
disease duration and in patients in whom a resid-
ual glandular function was preliminarily demon-
strated.68,70 To recruit patients with a long disease 
duration, or having a large variability of this 
parameter, may certainly lead to unsatisfactory 
results. The same may happen when patients are 
selected with exhausted gland function in the case 
that the experimental therapy is administered to 
demonstrate improvement of salivary flow. The 
effect of B-cell depletion therapy on some biologi-
cal markers of B-cell activation and on the 
improvement of the ESSDAI score observed in 
the French registry study,78 where the choice of 
rituximab treatment was preliminarily condi-
tioned by the presence of clear signs of systemic 
involvement and high disease activity at baseline, 
clearly indicates how this therapy can really be 
effective in this particular subgroup of patients. 
Unfortunately, the ESSDAI was not available 
when the oldest studies were made and no prese-
lection of patients according to the presence of 

B-cell activation signals was done in many of 
these studies, namely in the large RCTs per-
formed so far. Finally, the often existing discrep-
ancies between the severity of subjective dryness 
complaints and the corresponding objective 
measurement of lachrymal and salivary flows can 
explain why rituximab was ineffective when only 
sicca symptoms were chosen to be assessed as 
outcome measures.

Other anti-CD20 monoclonal antibodies such as 
ocrelizumab and obinutuzumab (humanized 
B-cell-depleting agent), and ofatumumab (fully 
human B-cell-depleting agent) are now available 
and have demonstrated an acceptable safety pro-
file in patients with B-cell lymphoma.79

Anti-BAFF therapy. Belimumab is a monoclonal 
antibody interfering with soluble BAFF that has 
been licensed for patients with SLE. A prospec-
tive 1-year open-label bicentric study (BELISS) 
on the effectiveness of belimumab has been car-
ried out in 30 patients with pSS.80 The primary 
endpoint was a composite score which included 
five items: at least a 30% reduction of VAS for 
dryness, fatigue and pain, plus a 30% reduction of 
VAS of the global physician evaluation on sys-
temic activity, plus a 25% reduction of selected 
biological markers. Two of the five considered 
items were improved in 60% of patients at the 
28-week follow up. Almost 90% of the 15 patients 
who were responders at week 28 also responded 
at week 52.81 A post hoc analysis of the BELISS 
population revealed that high type I IFN scores at 
baseline were associated with better response to 
treatment.82

CD20 and BAFF blockade. Despite the demonstra-
tion that the BAFF/BAFF receptor axis is related 
to lymphoma development, some preliminary 
observations seem to indicate that lymphoprolif-
eration is resistant to belimumab alone.83 These 
data, together with the evidence of an upregula-
tion of BAFF levels following rituximab treat-
ment, have suggested the potential usefulness of 
combination therapy of belimumab with ritux-
imab.84 A randomized trial is currently under way 
in which the two target therapies are sequentially 
administered.

Anti-BCR signalling therapies. Small molecules 
capable of inhibiting transduction signals after the 
activation of BCR, by blocking PI3TK, BTK and 
Syk, are now available.28–30 RCTs have been 
started with these molecules in patients with pSS.
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Epratuzumab is a B-cell-directed nondepleting 
monoclonal antibody that targets CD22.32 It is 
currently being evaluated in two phase III clinical 
trials in patients with SLE, a disease associated 
with abnormalities in B-cell function and 
activation.

In a past phase II study, the administration of 
epratuzumab led to a significant improvement of 
fatigue, decrease in patient and physician global 
assessments, and in composite score that also 
included the Schirmer-I test, unstimulated whole 
salivary flow, erythrocyte sedimentation rate 
(ESR) and IgG levels.85

Therapies against antigen-presenting cell mecha-
nism and costimulatory molecules. Given the role 
of cathepsin S in antigen presentation to T cells, 
an inhibitor of this molecule is presently being 
tested in a phase II study.

Abatacept is a fusion protein composed of the Fc 
region of IgG1 combined with the extracellular 
domain of CTL4. As previously mentioned 
CTLA4, competing with CD28, is the natural 
inhibitor of the B7-CD28 costimulatory system, 
and so is active in negatively modulating the anti-
gen presentation mechanism.22 Preliminary data 
obtained in open-label studies showed that admin-
istration of abatacept has favourable effect on sys-
temic features, extent of glandular infiltrates and 
reduction of RF title and IgG levels.86,87 Starting 
from these data, an RCT is currently ongoing. 
Other monoclonal antibodies binding the CD40 
molecule and interfering with CD40/CD40L link-
age are presently under investigation.

Anti-cytokine therapies. In view of the demon-
strated over expression of TNFα and IL-1 in 
pSS,14 and the good results obtained by anti-
TNFα biological agents in RA, two explorative tri-
als have been conducted in patients with pSS with 
two different anti-TNFα agents, and both have 
given negative results.88,89 Similar negative results 
were also obtained by using an IL-1 inhibitor.90

Considering that pSS is a disease characterized by 
IFN type I signature, anti-IFN therapies appear 
to be promising and some studies on this specific 
target therapy are ongoing.

Since levels of IL-6 have been found to be 
increased in both the blood and saliva of patients 
with pSS, and overproduction of this cytokine by 
the epithelial glandular cells has been shown,15 

tocilizumab, a monoclonal antibody targeting 
IL-6, has been considered potentially active in 
this disorder. RCTs on the effectiveness of tocili-
zumab in patients presenting with systemic 
involvement and specific autoantibodies are 
ongoing and the results are expected relatively 
soon.

Because IFNs and IL-6 produce their multiple 
biological effects by activating JAK/STAT path-
ways, the increasing availability of small mole-
cules able to modulate these transducer signals 
may open up new scenarios in the treatment of 
pSS. Phase II studies with filgotinib, a JAK1 
inhibitor,91 are in progress.

Therapy against molecules favouring the lymphoid 
infiltrates organization and germinal-centre-like 
formation. Baminercept is a fusion protein that 
includes the lymphotoxin-β receptor. This molec-
ular construct has been shown to be able to 
reduce B-cell infiltration and organization in the 
NOD mouse model.40 An RCT with baminercept 
in a series of patients with SS has been completed 
and has shown an improvement in ESSDAI score, 
but no effect on sicca features.92 The clinical 
application of such a treatment is presently under 
evaluation because of the high risk of liver dam-
age observed in some cases.

Conclusion
In the last few years a great effort has been made 
by the rheumatologic scientific community to 
reach an agreement on classification criteria and 
develop validated outcome measures for pSS. 
The 2016 ACR/EULAR classification criteria are 
the result of this effort.41,42 This criteria set does 
not introduce new substantial elements with 
respect to the previous largely used AECG crite-
ria, as demonstrated by the strong agreement 
between the two criteria sets.41,42 Some criticisms 
have been made on the new classification criteria, 
namely the fact these criteria appear to be less 
stringent with respect to previously proposed 
ones. This excess of sensitivity, with the conse-
quent loss of specificity, may lead to possible 
erroneous selection of false-positive patients in 
clinical therapeutic trials.93 This risk is certainly 
relatively low when one considers the revised 
comprehensive exclusion criteria that are detailed 
in the criteria formulation (see Table 1).

Conversely, to have more ‘liberal’ criteria may 
allow the early selection of patients who may be 
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more likely to positively respond to the innovative 
therapeutic regimens that are presently or will be 
available.94

ESSDAI and ESSPRI have been defined and vali-
dated in the last few years.45,49 Both these out-
come measures are presently considered as 
mandatory in designing new therapeutic trials in 
pSS, since these indices allow the correct selec-
tion of candidate patients with a relevant level of 
activity and measure the effectiveness of experi-
mental treatment. In contrast, both indices appear 
poorly sensitive to changes in patients with mild 
stable disease.95 ESSPRI can also be criticized 
since its extreme simplicity does not allow the 
capture of different components of pain and 
fatigue in patients with the disorder. However, 
more detailed validated indices are available if the 
achievement of more specific results is required.53

Molecular events promoting antigen presenta-
tion, costimulation, inflammatory cell homing 
and function, B-cell proliferation, as well as the 
formation of ectopic germinal centres have been 
the object of extensive studies in animal models of 
SS and in patients with pSS. The advances in 
molecular biology and engineering have enabled 
the development of promising target therapies 
able to interfere with or block the different patho-
logical pathways that are active in this disorder. 
As demonstrated by the often unsatisfactory 
results of the previously conducted therapeutic 
trials, the possibility of successful use of these 
new therapeutic agents remains a major chal-
lenge. These unexpectedly negative results could 
be the consequence of the remarkable heteroge-
neity of clinical and biological features that may 
characterize different subsets of patients with SS. 
Better knowledge of the different pathways that 
are operative in diverse clinical phenotypes at the 
systemic level and in salivary gland tissue, and 
selection of the target therapy with the highest 
probability of success, appears to be the best way 
to reach the goal of actually improving the clinical 
condition and the quality of life of patients with 
pSS. Moreover, the identification or development 
of reliable and sensitive outcome measures and 
biomarkers specific for each of the different dis-
ease subsets is certainly the second very difficult 
challenge to be tackled in the near feature.
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