
259

1Rheumatology Unit, Department of 
Clinical and Experimental Medicine, 
University of Pisa, Pisa, Italy; 
2Department of Rheumatology, University 
of Perugia, Perugia, Italy;
3Department of Rheumatology, 
University of Florence, Florence, Italy; 
4Department of Rheumatology, Policlinico 
Le Scotte, University of Siena, Siena, Italy.
Nicoletta Luciano, MD
Valentina Valentini, MD
Calabrò Andrea, MD
Elena Elefante, MD
Antonio Vitale, MD
Chiara Baldini, MD
Elena Bartoloni, MD
Please address correspondence to:
Chiara Baldini, MD, 
U.O. Rheumatologia, 
Università di Pisa
Via Roma 67, 
Pisa, Italy.
E-mail: chiara.baldini74@gmail.com
Received on March 19, 2015; accepted in 
revised form on March 23, 2015.
Clin Exp Rheumatol 2015; 33: 259-271.
© Copyright Clinical and 
Experimental Rheumatology 2015.

Key words: Sjögren’s syndrome, 
pathogenesis, classification criteria, 
activity index, damage index, severity, 
treatment

Competing interests: none declared.

ABSTRACT
Primary Sjögren’s syndrome (pSS) is 
a chronic autoimmune disease mainly 
characterised by the inflammation of 
exocrine glands; however, a broad 
spectrum of systemic manifestations 
may characterise the disease. Recently, 
pSS has been the object of consider-
able immunologic and clinical research 
which has led to significant advances 
in the diagnosis, prognostic assessment 
and management of the disease. Here-
with, we provide a critical digest of the 
recent literature on this topic.

Introduction
Primary Sjögren’s syndrome (pSS) is a 
chronic autoimmune disease mainly af-
fecting lachrymal and salivary glands, 
however, during disease progression 
any organ or mucosal surface may be 
involved. Thus, pSS presents as a het-
erogeneous non-organ-specific auto-
immune entity, encompassing a wide 
spectrum of clinical manifestations, 
serological abnormalities and scattered 
complications. Lately, pSS has been the 
object of considerable immunologic 
and clinical research which has led to 
significant advances in the diagnosis, 
prognostic assessment and manage-
ment of the disease. Herewith, we pro-
vide a critical digest of the recent litera-
ture on this topic. We performed a med-
line search of English language articles 
published from the 1st January 2013 to 
31st December 2014 using the follow-
ing key words: Sjögren’s syndrome, 
classification criteria, pathogenesis, di-
agnosis, clinical manifestations, ultra-
sonography, clinimetry, outcome, and 
treatment. We reviewed all the articles 
and selected the most relevant papers.

I. Novel insights into pSS 
    pathogenesis 
Traditionally, a combination of genetic 
and environmental factors have been 

implicated in the pathogenesis of pSS, 
leading to the dysregulation of the epi-
thelial cells and to an aberrant inflam-
mation and autoimmune response. The 
T- and B- lymphocytic infiltrates of the 
salivary and lachrymal glands and a 
B cell hyperactivity have been widely 
considered as the hallmarks of the dis-
ease; however, lately, great efforts have 
been made in an attempt to better clari-
fy the innate and adaptive mechanisms 
involved in the disease initiation and 
perpetuation.
The importance of the dysregulation of 
the innate and adaptive immune sys-
tems in the pathogenesis of pSS has re-
cently emerged from the new genome-
wide association studies (GWAS). 
In the large-scale genetic study con-
ducted by Lessard et al. (1) the already 
known associations in the HLA region 
were replicated. In particular, HLA-
DQA1*0501, HLA-DQB1*0201 and 
HLA-DRB*0301 were identified as the 
strongest genetic risk factors for pSS. 
Moreover, in this study also non-HLA 
risk loci were identified including: in-
terferon regulatory factor 5 (IRF5), sig-
nal trasducer and activator of transcrip-
tion 4 (STAT4) and interleukin (IL) 
12A, all participating in the interferon 
(IFN) signalling, the B lymphocyte ki-
nase (BLK) (a non-receptor tyrosine 
kinase) and chemokine receptor type 
5 (CXCR5), that are important for B 
cell function and antibody production 
and the TNFAIP3 interacting protein  
1 (TNIP1) gene that is involved in the 
negative regulation of the NF-kB path-
way. Moreover, Nordmark et al. (2) 
also demonstrated, in a population from 
Scandinavia and the UK, that two poly-
morphisms in the TNIP1 gene were as-
sociated with antibody-positive pSS.
In addition, Altorok et al. (3) performed 
the first epigenome-wide DNA meth-
ylation study in patients with pSS and 
identified DNA methylation changes in 
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several genes in naïve CD4+ T cells that 
can be involved in the pathogenesis of 
the disease, such as the gene encoding 
for the lymphotoxin α and genes of the 
IFN signature pathway.
The trigger role of a viral agent in pa-
tients with a genetic predisposition 
to pSS has been traditionally hypoth-
esised. In this regard, the pivotal role of 
the tertiary lymphoid structures (TLS) 
in the development of the autoimmun-
ity process has been recently empha-
sised. It is possible that the formation 
of TLS may be physiologically primed 
by chronic viral infections but, in ge-
netically predisposed individuals, they 
become the site of the break of toler-
ance against self-antigens, with the 
consequent differentiation of autoreac-
tive B cells (4). Recently, Croia et al. 
(5) examined the expression of latent 
and lytic forms of Epstein-Barr virus 
(EBV) in the salivary glands (SG) of 
pSS patients and patients with chronic 
non-specific sialoadenitis suggesting 
that both latent EBV infection and EBV 
reactivation are a specific feature only 
of SG with germinal centre (GC)-like 
structures. So, ectopic lymphoid struc-
tures (ELS) seem to represent a protec-
tive niche for EBV. It is also interesting 
to note that plasma cells infected with 
EBV displayed an anti-Ro52 reactivity. 
This suggests that a humoral anti-EBV 
immune response takes place within the 
ELS and favours the break of self-toler-
ance, due to the molecular mimicry be-
tween pSS auto-antigens and viral pro-
teins. Szymula et al. (6) investigated for 
the first time the role of molecular mim-
icry in the activation of Ro60 reactive 
T cells. On the basis of their data, they 
suggest that rather than a specific infec-
tion, a dysregulated immune response 
towards commensal oral and gut bacte-
ria may be involved in the pathogenesis 
of autoimmune disease like pSS. 
Regarding the novel insights into the 
innate immune related events that are 
supposed to initiate the pathogenetic 
process in pSS, Manoussakis et al. (7) 
have demonstrated that the defective 
clearance of the apoptotic cells seems 
to be related to serologic abnormalities 
(such as inhibiting IgG anti-apoptotic 
cells and hypocomplementemia) rather 
than to a primary dysfunction of the 

phagocytic cells. Fragoulis et al. have 
shown an impaired activity of DNasi1 
in pSS (8) suggesting that the impaired 
enzymatic activity of DNase1, together 
with the increased capacity of circulat-
ing IgG to bind the secondary necrotic 
material, may determine an increased 
uptake of this material by phagocytes 
in pSS. In turn, the internalisation of 
immune complexes containing nuclear 
antigens by circulating phagocytes may 
contribute to the activation of the IFN I 
pathway. In recent years, the so called 
“IFN-signature” has acquired growing 
importance in the pathogenesis of the 
disease considering the over-expression 
of IFN I-inducible genes in the peripher-
al blood and in the salivary glands (SG) 
of pSS patients (9). Over the past two 
years, several contributions have ana-
lysed the presence of polymorphisms 
of transcription factors of the IFN I 
pathway, including IRF5 and STA4, 
the role of monocyte-derived dendritic 
cells (moDC) in the IFN-signature and 
the importance of Toll-like receptors 
(TLRs) in linking ambiental factors to 
the immune system (10). Moreover, it 
has been clarified the role of the INF 
I system in inducing the expression of 
Fas/FasL and the expression of Ro52, 
an intracellular protein involved in the 
ubiquitination, that translocates in the 
nucleus initiating apoptosis and most 
importantly, its role in the induction 
of the adaptive immune response (11-
13). More specifically, in the study by 
Kyriakidis et al. (14), it was demon-
strated that TLR3 signalling in sali-
vary gland epithelial cells (SGECs) 
induces, through the IFNβ pathway, the 
up-regulation of Ro52 and, to a lesser 
extent, of Ro60 and La. The late induc-
tion of Ro52 is also accompanied by 
a nuclear redistribution of the protein. 
This mechanism activates the synthesis 
of auto-antigens in SGECs that become 
visible through the epithelial cell apop-
tosis. Moreover, Ro52 is implicated in 
the negative regulation of TLR3 path-
way, by means of the ubiquitination and 
subsequent degradation of interferon 
regulatory factors (IRFs). According to 
Aqrawi et al. (15), in genetically sus-
ceptible individuals, the hyper-expres-
sion of Ro-52 on the ductal epithelial 
cells, induced by inflammation and in 

particular by the IFN I, can lead to the 
breakage of tolerance and to the pro-
duction of auto-antibodies, contributing 
to the disease progression.
Concerning the role of innate immunity 
in pSS pathogenesis, another area of re-
search was the role of the inflammasome 
in the early phases of the disease. Baldi-
ni et al. (16) explored the expression of 
the P2X7 receptor (P2X7R)-NLRP3 in-
flammasome complex in minor salivary 
gland biopsies of patients with pSS. 
P2X7R is a purinergic receptor that acts 
as an ATP-gated ion channel and plays a 
role in the regulation of the inflammato-
ry process. They found that P2X7R ex-
pression and the gene expression levels 
of the inflammasome components were 
significantly higher in salivary glands 
from individuals with pSS than in con-
trols (both sicca syndrome individuals 
and healthy controls). These findings 
corresponded to an increased expres-
sion of IL-18 in the saliva of pSS pa-
tients. Moreover, the expression of both 
the P2X7R and the inflammasome com-
ponents was increased in patients with 
anti-Ro/SSA positivity and correlated 
with focus score (FS). So these results 
suggest an involvement of the P2X7R-
inflammasome-caspase-1-IL-18 axis in 
the development of the SG damage in 
pSS, again emphasising the importance 
of the innate immunity in the patho-
genesis of the disease.The evidence of 
a role of P2X7R in the pathogenesis of 
the disease is  also confirmed by a work 
by Lester et al. (17) in which it was 
identified that a gain-of-function haplo-
type of the P2X7R gene (1405G) was 
a risk factor for the development of se-
ropositive pSS and exhibited a negative 
epistatic interaction with HLA DR3, the 
major genetic risk factor for pSS. Xie 
et al. (18) have demonstrated a signifi-
cant up-regulation of P2X7R on periph-
eral blood mononuclear cells after ATP 
stimulation in pSS patients compared to 
controls. The up-regulation of P2X7R 
after ATP stimulation was correlated to 
increased levels of IL1β in the superna-
tant of the cells. Moreover, in this study 
the expression level of P2X7R was pos-
itively correlated to the scores of anxi-
ety and depression in pSS patients, so 
it was hypothesised that P2X7R can be 
involved in the pathogenesis of psychi-
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atric disorders, representing a link be-
tween nervous and immune system.
A third aspect that it is worth mention-
ing is the amount of novel evidences 
further emphasising the central role of 
the epithelial cell in pSS pathogenesis. 
From this perspective, Lisi et al. (19-
24) have investigated the effects of pro-
inflammatory cytokines on the release 
of proangiogenetic factors (i.e  growth 
regulated oncogene-alpha (GRO-α) 
and CXCR2) and nerve growth factor β 
(NGFβ)  in the SG of pSS patients. They 
found that both CXCR2 and GRO-α, as 
well as the NGFβ, were stimulated by 
IL6 rather than by TNF-α. They also 
demonstrated that the activity of the 
GRO-α/CXCR2 system in pSS was me-
diated by the activity of the disintegrin 
and metalloproteinase ADAM17. More-
over, ADAM17 determined the release 
of the endogenous epidermal growth 
factor  receptor (EGFR)-ligand, am-
phiregulin (AREG). and the ADAM17/
AREG/EGFR axis drove the production 
of proinflammatory cytokines through 
the ERK1/2 activation in pSS. 
Moving towards the novel insights into 
adaptive immunity, a great effort has 
been made in deeply characterising 
the role of different T-cells subsets in 
pSS. In this regard, Alunno et al. (25) 
have demonstrated that double-negative 
(DN) T cells are expanded in the periph-
eral blood of patients with long-stand-
ing pSS compared to healthy controls; 
they produce IL-17 and are also present 
in the SG infiltrate. In another work by 
the same group (26), it emerged that the 
levels of circulating DN T cells at the 
onset of pSS were comparable to those 
of healthy controls and lower than those 
of the patients with long-standing dis-
ease. On the contrary, in the early dis-
ease they found an increased number of 
circulating CD4+ Th17. 
Another important subset of T cells 
involved in the pathogenesis of auto-
immune diseases are the T regulatory 
(Treg) cells. It is possible that a dys-
function or a depletion of Treg might 
contribute to the generation of autoim-
mune disorders like pSS. A new marker 
of Treg has been recently identified, the 
glucocorticoid-induced TNF receptor-
related protein (GITR). CD25low-
GITR+ cells are detectable in the peri-

pheral blood of pSS patients and they 
express a regulatory phenotype (FoxP3, 
TGFβ, IL10), as in healthy donors. In-
terestingly, in agreement with their reg-
ulatory function, circulating CD25low-
GITR+ cells are expanded in patients 
with inactive disease, compared with 
patients with active disease and healthy 
controls. At the same time, CD25low-
GITR+ cells can also be found in a great 
number in the SG infiltrates, apparently 
in contrast with the idea that a deple-
tion of Treg characterises autoimmune 
diseases. Indeed, it is interesting to note 
that the grade of lymphocytic infiltra-
tion in SG is positively correlated with 
both FoxP3 and IL-17 in patients with 
a mild-moderate inflammation, while 
Th17 clearly predominate on Treg cells 
in patients with a high degree of inflam-
matory infiltrate. This is probably due 
to the plasticity of Treg, which, in the 
context of an inflammatory environ-
ment, can change into IL-17 producing 
cells (27).
Another subset of T cells involved in 
the crosstalk between T and B cells 
are the follicular T helper cells (Tfh). 
Tfh are a subset of T cells that derives 
from T CD4+ naïve lymphocytes un-
der the stimulus of IL-12 secreted by 
dendritic cells. The main characteris-
tic of Tfh is the expression of B-cell 
lymphoma (Bcl-6) transcription factor 
which regulates the expression of re-
ceptors (CXCR5, CXCR4, CCR7) driv-
ing Tfh towards the B-cell follicles, rich 
in CXCL13. Moreover, Bcl-6 regulates 
the expression of co-stimulatory mol-
ecules important in the T-B cell inter-
action. Szabo et al. (28, 29) found an 
elevated ratio of peripheral Tfh, com-
pared to healthy controls, only in pSS 
patients with extra-glandular mani-
festations. Tfh values were positively 
correlated with circulating IgG levels, 
with SSA/SSB positivity and with the 
titers of autoantibodies; in addition they 
seemed to correlate with the severity of 
the GC and with the development of ex-
tra-glandular manifestations during the 
disease course. Jin et al. (30) found that 
SG Tfh are increased in pSS patients 
compared to controls and their percent-
age is positively correlated to the level 
of CD19+CD27+ memory B cells and 
CD19+CD27 high plasma cells. There-

fore, it seems clear that Tfh participate 
to the pathogenesis of pSS by promot-
ing B-cell maturation. In addition, Gong 
et al. (31) have recently demonstrated 
that SGECs are able to induce the dif-
ferentiation of Tfh from T CD4+ naïve 
cells, through IL-6 secretion and that 
the expression of the inducible T cell 
co-stimulator (ICOS) enhances IL-21 
production by Tfh. 
As mentioned above, B cell hyperac-
tivity represents the key pathogenetic 
moment in pSS. In fact, hypergamma-
globulinaemia, autoantibody produc-
tion, disturbances of B cell subpopula-
tions, GC formation in the SG and an 
increased risk of developing B cell lym-
phoma are distinctive features of pSS 
(32-35). Lahiri et al. (36) demonstrated 
for the first time that BR3 is involved 
in the survival of SGECs due to an au-
tocrine effect of B cell activating factor 
(BAFF). Corsiero et al. (37) studied the 
qualitative alterations of B cell subpop-
ulations in the peripheral blood of pSS 
patients and healthy controls. First of all, 
they demonstrated that in the peripheral 
blood of pSS patients there is a signifi-
cant accumulation of autoreactive naïve 
B cells and this can suggest that early B 
cell tolerance checkpoints are impaired 
in pSS. Moreover, they found that pSS 
patients show a reduction of circulating 
unswitched memory B cells, that is re-
lated to the migration of this subpopu-
lation to the SG infiltrate where they 
represent the major B-cell subtype. It is 
important to know that switched mem-
ory B cells in pSS display anti-nuclear 
immunoreactivity, thus highlighting that 
there is an accumulation of autoreactive 
memory B cells in B-cell maturation. 
Finally, data from this study support the 
evidence that also later B-cell tolerance 
checkpoints are impaired in pSS. In fact, 
impaired mechanisms of autoreactive B 
cell follicular exclusion allow the clonal 
selection and affinity maturation of the 
autoreactive naïve and memory B cells, 
within the ectopic GC.
A decrease of unswitched memory B 
cells in pSS patients was also confirmed 
by Roberts et al. (38) in a study in which 
they examined the B-cell memory phe-
notypic and gene expression profile in 
pSS patients, sicca syndrome individu-
als and healthy controls. The number 
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of unswitched memory B cells also 
showed an inverse relation with clinical 
and serological abnormalities in pSS 
patients and, in particular, it was asso-
ciated to a higher titer of autoantibod-
ies. In this study, it also emerged that 
the unswitched memory B-cell gene 
profiles distinguished patients with pSS 
from healthy controls, suggesting that 
also the function of this B-cell subpop-
ulation is altered. In particular, some 
evidences suggest that there could be a 
defect in BCR signalling in these cells 
from pSS patients. Another interest-
ing result that emerges from this work 
is that the same alterations of B-cell 
phenotypic and gene expression profile 
also characterise a subgroup of sicca 
syndrome patients who do not fulfill the 
criteria for a diagnosis of pSS. So, this 
suggests that these individuals with a B 
cell signature could be in a preclinical 
phase of pSS.

II. Novel insights into pSS 
     classification criteria, activity
     and damage indices
For research purposes, several sets of 
classification criteria have been pro-
posed since the 1980s but none of these 
has been validated and universally ac-
cepted (39-42). Consequently, in 1993, 
for the first time, a preliminary Europe-
an criteria set was validated and adopt-
ed universally as classification criteria 
(43). However, these criteria, which 
focused on the three hallmarks of the 
disease (sicca symtoms, chronic exo-
crinopathy, systemic autoimmunity), 
raised objections concerning the biased 
misclassification of patients who could 
fulfill the subjective items for ocular 
and oral symptoms but not the histo-
logical or the autoimmunity criterion. 
To overcome such limitations, in 2002 
the European criteria were re-examined 
in a revised version, the American Con-
sensus Group (AECG) criteria set (44). 
According to AECG criteria, which 
maintained the previous European 
scheme of six items, either the minor 
salivary gland biopsy or serology for 
anti-Ro/SSA and anti-La/SSB had to 
be positive to classify a patient as af-
fected by pSS. Moreover, each single 
item was defined more accurately. The 
AECG represent the most commonly 

used tool to classify patients with pri-
mary and secondary SS in clinical tri-
als, epidemiological studies and in clin-
ical practice, given their high sensibil-
ity and specificity. However, according 
to results derived from clinical settings, 
the higher specificity of the AECG cri-
teria in comparison with preliminary 
criteria might lead to the exclusion of 
a considerable proportion of patients 
with classical features and long-term 
outcome complications of pSS (45). 
Moreover, the addition of rheumatoid 
factor in the classification criteria could 
be useful in differentiating patients with 
sicca symptoms sustained by an auto-
immune systemic disorder, especially 
in anti-Ro/SSA and anti-La/SSB nega-
tive patients (45). Recently, the Ameri-
can College of Rheumatology (ACR)/
Sjögren’s International Collaborative 
Clinical Alliance (SICCA) endorsed 
new classification criteria for pSS (46). 
According to the ACR/SICCA criteria, 
for pSS diagnosis 2 out of the following 
3 are required: 
i) positive anti-Ro/SSA and anti-La/
SSB or positive rheumatoid factor and 
ANA ≥1:320; 
ii) ocular staining score ≥3 (sum total 
score 0–12; 0–6 score for staining of the 
cornea with fluorescein, 0–3 score for 
staining of both the nasal and temporal 
conjunctivae with lissamine green); 
iii) focal lymphocytic sialadenitis with 
FS ≥1 in labial gland biopsy.
The ACR/SICCA criteria do not target 
the general population but individuals 
suspected to be affected by pSS and 
are aimed to reveal the most typical 
and advanced subset of pSS patients, 
underscoring the subjective complaints 
of the disease (47). Rasmussen et al. re-
cently compared the performance of the 
new ACR and the AECG classification 
criteria for pSS and found concordant 
results when applied to an homogene-
ous cohort of patients with sicca symp-
toms, providing no clear evidence for 
increased value of the new ACR cri-
teria over the old AECG criteria from 
the clinical and biological perspective 
(48). Conversely, a difference in terms 
of accessibility was seen. Indeed, while 
the ACR criteria require evaluation by 
a practitioner specialised in eyes and 
lip biopsy, the AECG criteria involve 

simple questionnaires and objective, 
inexpensive tests which are easy to 
carry out. In addition, the AECG cri-
teria gave more space to patient’s sub-
jective symptoms allowing clinicians 
to precisely select those subjects who 
most deserve to be considered for a di-
agnostic work-up for pSS (49). Even 
if the ACR criteria were not validated 
in patients with secondary SS in the 
SICCA cohort, a recent study supports 
their validity and application in patients 
with systemic autoimmune diseases 
(50). A major limitation of the AECG 
criteria rely on the employment of ob-
solete objective tests like sialography 
and scintigraphy. In this setting, it has 
been demonstrated that the addition of 
salivary gland ultrasonography (SGUS) 
to both criteria sets increases sensitivity 
without changing or slightly decreasing 
specificity, notably gaining diagnostic 
performance (47, 51-56). The incorpo-
ration of SGUS as an alternative to any 
of the three ACR classification items 
does not modify their diagnostic abil-
ity and could replace a more painful 
or invasive test (57, 58). However, the 
employment of SGUS as an adjunctive 
item in classification criteria needs fur-
ther validation and standardisation.
The heterogeneous nature of pSS cov-
ers a broad spectrum of manifestations 
ranging from benign but disabling sicca 
symptoms to potentially severe extra-
glandular systemic manifestations, 
usually affecting 20–40% of patients. 
In this setting, great efforts have been 
recently made to provide valid and ob-
jective tools to be used in the assess-
ment of subjective manifestations, like 
dryness, pain and fatigue, and in the 
measurement of disease activity and 
damage (59, 60). In recent years, differ-
ent indexes have been developed for the 
evaluation of patients’ perception of the 
disease, such as the Profile of Fatigue 
and Discomfort (PROFAD) and the 
Sicca Symptoms Inventory (SSI) (59). 
These tools evaluate the psychosocial 
impact of the disease and disease-re-
lated functional impairment, provid-
ing an evaluation of patients’ quality 
of life. However, their usefulness in 
clinical practice has been debated due 
to their complexity. To overcome this 
issue, the EULAR SS Patient Reported 
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Index (ESSPRI) has been designed to 
measure the three main symptoms of 
SS patients (dryness, pain and fatigue) 
and recently validated in a large pro-
spective international validation study 
(61, 62). The ESSPRI has been demon-
strated to be a simple index, to possess 
a good construct validity and sensitivity 
to change, suggesting its validity as an 
outcome measure in clinical trials and 
clinical practice (62). 
In order to evaluate systemic disease 
activity, the disease activity index (SS-
DAI) and the Sjögren’ Systemic Clini-
cal Activity Index (SCAI) were the first 
activity indexes to be proposed (59). 
However, their lack of exhaustiveness 
and complexity limited their use. Re-
cently, the EULAR SS Disease Activ-
ity Index (ESSDAI) has been proposed 
(63). The ESSDAI includes specific 
organ-by-organ definitions and is more 
exhaustive than SSDAI and simpler to 
use in comparison to SCAI. Activity 
and patient-reported indexes have been 
shown to be valid and reliable. The ac-
tivity index had a larger sensitivity to 
change in patients whose disease activ-
ity improved in comparison to patient-
reported scores, amongst which ESS-
PRI had a significantly higher sensitivi-
ty to change (62). Seror et al. compared 
all disease-specific indexes and depict-
ed a low correlation between systemic 
activity scores and patients symptoms, 
suggesting that these two components 
are different facets of the disease (62, 
64). Moreover, the ESSDAI seemed 
to be the most valuable score for dis-
tinguishing currently active patients 
from inactive non-systemic or past-
systemic patients (62). Interestingly, 
it has been demonstrated that a high 
baseline systemic activity (ESSDAI 
≥14) is associated with a higher risk of 
death for systemic complications, sug-
gesting the usefulness of ESSDAI as 
a prognostic outcome measure in SS 
patients (65, 66). Moreover, the pres-
ence at diagnosis of cytopenia, hypoc-
omplementaemia and cryoglobulinae-
mia, all laboratory markers of a poorer 
prognosis), strongly correlated with a 
higher cumulative ESSDAI score dur-
ing follow-up, suggesting that ESSDAI 
may be used to identify a subset of pa-
tients requiring closer follow-up (65). 

ESSDAI was also shown to be able to 
monitor responsiveness after rituximab 
treatment in a randomised clinical trial 
involving pSS patients (67). A recent 
study aimed to evaluate the relation-
ship between EULAR indexes and 
quality of life demonstrated that higher 
scores of EULAR outcome measures 
correlated with poorer health states and 
that this correlation was strongest for 
ESSPRI (68-70). Finally, the definition 
of disease activity levels of ESSDAI, 
minimal clinically important improve-
ment (MCII) and patient-acceptable 
symptom state (PASS) with ESSPRI 
was provided in a large prospective 
multicentre study (71). Low activ-
ity (ESSDAI≤5), moderate activity 
(5≤ESSDAI≤13) and high activity (ES-
SDAI≥14) levels of disease were de-
fined. A decrease in the ESSDAI score 
of at least three points was defined as 
MCII and it may represent an outcome 
measure in future studies. Finally, 
PASS was defined as an ESSPRI <5 
points and MCII of ESSPRI as an index 
decrease of at least one point or 15%. 
According to the results of this study, 
it may be hypothesised to include in 
clinical trials homogeneous cohorts of 
patients with at least moderate disease 
activity and to define response to treat-
ment as an improvement of ESSDAI 
of at least three points. Inclusion of 
patients with unsatisfactory symptoms 
may allow the evaluation of the effect 
of new symptomatic therapies in pSS 
patients. Indeed, since disease activity 
and patient-reported symptom indexes 
poorly correlated, the choice of ESS-
DAI or ESSPRI as outcome measures 
in the evaluation of a new pSS therapy 
efficacy will depend on which compo-
nent of the disease is the main target of 
the treatment (62, 71).

III. Novel insights into pSS clinical
       manifestations
During the last two years, many rele-
vant contributions have been published 
describing the heterogeneous clinical 
presentation of pSS. The four most sig-
nificant areas of research that have been 
explored lately are essentially: 
i) the assessment of the disease severity 
in large national cohorts, 
ii) the analysis of the long-term mortal-
ity and its predictors,
iii) the differential diagnosis between 
pSS and the IgG4 disease and 
iv) the evaluation of the cardiovascular 
comorbidity and its impact on the dis-
ease course. 
The prevalence of severe systemic 
manifestations in pSS was described, 
in particular, in two large cohorts of 
Spanish and Italian patients, both us-
ing the ESSDAI definitions to assess 
the disease activity in each single organ 
(65, 72). Interestingly, as shown in Ta-
ble I, the prevalence of severe systemic 
manifestations in the two cohorts was 
very similar for each individual organ 
or system. Moreover, both studies high-
lighted that a younger age at diagnosis 
was associated to severe systemic pSS 
manifestations as well as low C3/C4 
levels and cryoglobulins.
Focusing the attention on the single 
organ involvement in pSS, renal in-
volvement, and neurological involve-
ment have lately been studied in de-
tail.  Goules et al. (73), more specifi-
cally, have estimated the prevalence 
and described the clinical features and 
the outcome of clinically significant 
renal involvement in a population of 
715 patients with pSS. The kidney, 
in pSS, is potentially targeted by two 
distinct immunopathologic pathways: 
activated lymphocytes infiltrate tubu-

Table I. Prevalence of severe manifestations in large cohort of patients with pSS.

	 Ramos-Casals (65) (921)	 Baldini (72) (1115)

Follow-up (months)	 75	 70
Age at the diagnosis (mean)	 53.8	 51.6
Articular (moderate/high) (%)	 9.5	 11
Skin (moderate/high) (%)	 8.1	 9.5
Lung (moderate/high) (%)	 3.7	 5.4
Peripheral nervous system (moderate/high) (%)	 4.7	 5.3
Central nervous system (%)	 <3	 <3
Kidney (moderate/high) (%)	 <3	 <3
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lar epithelium, resulting in interstitial 
nephritis, or an immune complex me-
diated glomerulonephritis. Moreover, 
although very uncommon, as described 
by Shavit et al. (74), patients with pSS 
can also present with atypical ANCA-
MPO-related glomerulonephritis (GN). 
In the study by Goules et al. (73), 4.9% 
had clinically significant renal involve-
ment; half of them presenting with GN, 
nearly 40% with interstitial nephritis 
(IN), while the remaining patients pre-
sented both entities. This study demon-
strated that patients with  pSS and renal 
involvement had significantly reduced 
survival compared to those without re-
nal involvement, with LNH being the 
leading cause of death. Notably, death 
and lymphoma occurred more fre-
quently in the GN patients than in the 
interstitial nephritis patients; the major-
ity of GN patients developed lympho-
ma within 3 months of the appearance 
of renal disease, suggesting that GN 
can be a paraneoplastic phenomenon. 
Cryoglobulinaemia was found to mark 
serologically GN patients confirming 
the previous data on worsening surviv-
al ratio in pSS patients. Interestingly, 
the major proportion of patients that 
developed chronic renal failure was 
the IN group despite the notion that 
this kind of renal involvement evolves 
slowly and without functional damage. 
However, this observation could be a 
consequence of the reduced survival of 
GN patients. 
Regarding peripheral involvement 
Brito-Zeron et al. (75) published a ret-
rospective study in which 55 patients 
with pSS-related peripheral neuropa-
thy were analysed. The most common 
form observed was the axonal senso-
rimotor polyneuropathy, characterised 
by a good evolution and in which a 
conservative approach should be rec-
ommended unless patients present an 
acute onset of the disorder. Sensory 
neuropathy is the most disabling form, 
with a poor response to treatment, and 
notably, precedes the pSS diagnosis in 
a large proportion of patients. Multi-
plex mononeuropathy is strictly linked 
with a high systemic activity profile, 
characterised by cryoglobulinaemic 
vasculitis, salivary gland swelling and 
cytopenia. In spite of an excellent ther-

apeutic response, patients with multi-
plex mononeuropathy have the poorest 
survival. In summary, peripheral neu-
ropathy in pSS patients is common and 
associated with a poor prognosis.
As far as mortality in pSS was con-
cerned, a very important contribution 
came from the Spanish Group of Au-
toimmune Diseases (66). In their study 
they analysed the long-term outcome of 
1045 patients and correlated the base-
line activity with survival in this large 
cohort of patients. After a mean follow-
up of 117 months, 115 (11%) patients 
died. The adjusted standardised mortal-
ity ratio for the total cohort was 4.66 
(95% CI 3.85–5.60), and survival rates 
at 5, 10, 20 and 30 years were 96%, 
90%, 81% and 60%, respectively. The 
main baseline factors associated with 
overall mortality in the multivariate 
analysis were male gender, cryoglobu-
lins and low C4 levels. The authors also 
found that patients with pSS, who pre-
sent at diagnosis with high systemic ac-
tivity (ESSDAI ≥14) and more than one 
laboratory predictive marker (lympho-
penia, anti-La, monoclonal gammopa-
thy, low C3, low C4 and/or cryoglobu-
lins) were at a higher risk of death.
Similarly, Horvath et al. (76) retro-
spectively evaluated the mortality ra-
tios in a cohort of 547 pSS Hungarian 
patients, observing a negative effect of 
cryoglobulinaemia on survival ratios; 
additionally, the presence of vasculi-
tis and lymphoproliferative diseases at 
the time of diagnosis increased the risk 
of mortality. Finally, Palm et al. (77) 
found that mortality was significantly 
increased after 10 years of disease 
among patients with lung involvement  
compared with those without lung in-
volvement. Regarding cancer and pSS, 
a meta-analysis has recently been pub-
lished that clearly demonstrates the as-
sociation between pSS and the overall 
risk of malignancy; however it is still 
unclear whether this is due to excess oc-
currence of non-Hodgkin’s lymphoma 
(NHL) and further studies are needed 
to better explain this association (78). 
Lymphoma development, was associ-
ated with an excess in the overall dis-
ease mortality. This observation con-
firms previous data and highlighted the 
importance of the early identification 

of the ‘high-risk’ pSS population with 
a specific need for closer monitoring 
as well as tailored and probably more 
robust therapeutic management. Two 
different groups tried to identify pre-
dictors of lymphoma in SS, approach-
ing the same problem from different 
points of view. Risselada et al. (79) 
tried to determine the relationship be-
tween NHL and the disease activity and 
severity assessed by the ESSDAI score. 
The authors confirmed the associations 
between NHL and parotid enlargement, 
purpura, peripheral nervous system, 
GN, low C4 and IgM-kappa monoclo-
nal compenent. However, no associa-
tion was detected between the ESSDAI 
score and NHL development. Quartuc-
cio et al. (80, 81) confirmed the value 
of cryoglobulinaemia, low C4, anti-La 
antibodies and leukopenia as serologi-
cal markers for NHL. The authors tried 
to stratify the risk of NHL evolution in 
patients with prelymphomatous condi-
tions such as salivary gland swelling  
and cryoglobulinaemic vasculitis us-
ing the same serological markers. In-
terestingly they found that among pSS 
patients with SW, only those with a 
positivity for the mentioned biomarkers 
presented an increased risk of evolution 
towards NHL. 
The hot topic of the differential diag-
nosis between pSS and IgG4-related 
sialoadenitis has been analysed in sev-
eral papers (82). Mavragani et al. (83) 
found that 7.5% of a cohort of 133 pSS 
patients presented raised IgG4 serum 
levels in association with IgG4RD-
reminiscent clinical, serologic, and 
histopathologic features. The authors 
wondered whether this high-IgG4 pSS 
group represented a misclassified IgG4-
RD group or a distinct pSS subtype.
Finally, the fourth line of research em-
phasised the prevalence and impact of 
cardiovascular morbidity on pSS (84-
87). More specifically, a very recent 
study by an Italian group showed that, 
similarly to other autoimmune diseases, 
patients with pSS may be characterised 
by an increased risk of major cardiac 
and cerebrovascular events in compari-
son with healthy subjects. Bartoloni et 
al., observed in a large cross-section-
al, retrospective study, a significantly 
higher prevalence of cardiovascular 
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events in patients with pSS with respect  
to the general population. Furthermore, 
cardiovascular events were more com-
mon in patients with more severe and 
extensive disease and with greater need 
to use glucorticoids and immunosup-
pressive therapies to control disease 
manifestations. Patients with leukope-
nia had a six-fold higher risk of devel-
oping angina compared to those with a 
normal white blood cell count, under-
lining the fact the disease itself has a 
role in promoting this kind of complica-
tions. Notably, concerning cardiovascu-
lar risk factors hypertension and hyper-
cholesterolemia were more prevalent in 
the pSS population, whereas smoking, 
obesity and diabetes were less (84). 

IV. Novel insights into diagnostic
      tools for SS 
During the last two years, two main 
areas of interest have been investigat-
ed in order to improve the diagnostic 
algorithm of pSS. On the one hand, a 
critical appraisal of the minor salivary 
gland biopsy and its value in the prog-
nostic stratification of pSS patients has 
been pursued. On the other hand, novel 
diagnostic tools have been extensively 
tested and novel biomarkers have been 
searched for. More specifically, to im-
prove the diagnostic performance and 
the reproducibility of the minor sali-
vary gland biopsy (MSGB), a national  
validation study has been promoted 
(88). At the same time, the prognostic 
value of routinely performed MSGBs 
has been independently analysed by 
Carubbi et al. (89) and Risselada et al. 
(90) correlating the presence of FS and 
of germinal centre-like in the MSGBs 
with the severity of the disease and an 
increase in lymphoma risk. In parallel, 
novel biomarkers and novel diagnostic 
tools have being investigated. Some of 
them, although promising, are still in 
their infancies, especially proteomic 
and genomic studies (91-94).
Among novel diagnostic tools, a great 
interest has arisen for in vivo confocal 
scanning laser microscopy (CSLM) as 
a non-invasive method to evaluate the 
involvement of the lachrymal func-
tional unit in pSS. To date, the study of 
the conjunctiva at the cellular level has 
been made by more invasive methods 

(impression or brush cytology and im-
munohistochemistry staining or flow 
cytometry); CSLM is a new technol-
ogy that allows the in vivo assessment 
of many ocular surface diseases and 
anterior-segment disorders. At the end 
of 2014, Gabriellini et al. (95) exam-
ined the cornea in patients with pSS and 
patients with no-SS dry eye and they 
found a significant decrease in corneal 
thickness and in epithelium cell density 
as well as a more frequent superficial 
keratocyte activation and sub-basal 
nerve abnormalities in pSS.
However, the most promising novel di-
agnostic tool for pSS is probably SGUS 
which appears to be an easy, non-inva-
sive and highly specific imaging tech-
nique for the assessment of salivary 
gland involvement in pSS (58, 96, 97). 
Even if its role in the early stages of the 
disease is still debated (52), SGUS has 
been proposed as a valid alternative to 
other standard procedures considering 
its characteristics: with a higher speci-
ficity with respect to sialometry and sal-
ivary scintigraphy and a similar diag-
nostic accuracy of sialography (55, 98). 
It is worthy of note that, when used in 
association with traditional tests, SGUS 
also improves the diagnostic sensitiv-
ity of the AECG criteria from 77.9% to 
87.0% (52).
Among the US parameters evaluated, 
the parenchymal inhomogeneity ap-
peared to be the most useful diagnostic 
tool with a high specificity and a good 
sensitivity: US inflammatory findings 
(hypoechoic areas and hyperechoic 
bands) showed a significant correlation 
with clinical, histologic and labora-
tory data. In fact they were more fre-
quently observed in patients with a low 
unstimulated and stimulated salivary 
flow, with a positivity serological pro-
file (positivity for antinuclear antibod-
ies, anti Ro-SSA and/or anti-SSB and/
or rheumatoid factor) and with FS ≥1 
(54, 97). In addition, the real-time so-
noelastography (RTS) due to its capac-
ity in quantifying tissue rigidity of sali-
vary glands has been recently proposed 
by Dejaco et al. in combination with the 
B-mode SGUS to assess the glandular 
damage in pSS patients with promising 
results (99).
All these results have further supported 

the routine use of SGUS in the diag-
nostic algorithm of pSS (57, 96, 100). 
To this end, an international expert 
group has been created to elaborate a 
new scoring system for SGUS by using 
OMERACT filters. 

V. Novel insights into pSS treatment
To date, therapeutic options for pSS 
patients are mainly empirical and evi-
dence-based recommendations for the 
treatment of extraglandular disease 
manifestations are lacking. No therapy 
has been demonstrated to significantly 
affect disease course and, at the mo-
ment, evidence-based therapy for pSS 
is mainly limited to symptomatic drugs 
for dryness. In this setting, in a recent 
retrospective study it has been demon-
strated that cevimeline, a parasympa-
thomimetic drug, has a better profile of 
efficacy and tolerability in comparison 
to pilocarpine (101).
To date, literature evidence regarding 
the role of conventional immunosup-
pressive therapy is limited. Hydroxy-
chloroquine (HCQ) is the most used 
drug to treat articular involvement in 
pSS patients. However, evidence re-
garding its efficacy is scarse. Indeed, 
a recent randomised clinical trial dem-
onstrated that HCQ was not better than 
placebo in improving dryness, pain and 
fatigue in a large cohort of pSS patients 
(102).  Over a 5-year follow-up, the 
use of HCQ was associated with a sig-
nificant improvement of the atherogenc 
index (i.e. reducton of total cholesterol 
and increase of high density lipopro-
tein). Of interest, the positive effect of 
HCQ on lipid profile was observed also 
in SS patients  not receiving hypolipi-
demic agents, suggesting that chronic 
HCQ use may be associated with an 
improvement of cardiovascular risk in 
pSS (103).
The effect  of  leflunomide  (LEF), an 
immunomodulatory agent commonly 
used in rheumatoid arthritis (RA), on 
eye  dryness has been evaluated in a 
cohort of RA patients  with secondary 
SS. Despite the efficacy on disease ac-
tivity, a 3-month LEF use was associ-
ated with a significant deterioration of 
eye dryness in RA patients with second-
ary SS with respect to RA patients with-
out sicca syndrome. Moreover, LEF use 
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was associated with a major risk of ocu-
lar adverse effects, including peripheral 
ulcerative keratitis and keratocojuncti-
vitis sicca with punctate in RA patients 
with secondary SS (104).
In recent years, the use of biologic 
agents in pSS has rapidly expanded. 
In particular, given the central role B-
lymphocytes in pSS pathogenesis, the 
anti-CD20 biologic agent rituximab, 
inducing B cell depletion by several 
mechanisms, was considered a potential 
therapeutic option for pSS patients. Ev-
idence-based data on the clinical benefit 
of rituximab administration in pSS pa-
tients are conflicting. Gottenberg et al. 
demonstrated an improvement of sys-
temic disease manifestations, including 
parotid swelling, pulmonary and articu-
lar involvement, six months following 
the first treatment cycle in a cohort of 
78 pSS patients (105). No data were 
available on the evolution of dryness, 
pain and fatigue. In addition, both the 
median ESSDAI and the median daily 
dose of prednisone decreased 6 months 
after rituximab administration (105). 
Likewise, an Italian study by Carubbi 
et al. reported a significant improve-
ment in ESSDAI and other parameters 
in a cohort of forty-one patients with 
early pSS and high disease activity 
(ESSDAI ≥6) at 120 weeks following 
rituximab administration with respect 
to conventional DMARDs (106). Of 
interest, a significant improvement in 
objective (unstimulated salivary flow 
and Schirmer’s test) and histologic 
(Chisholm and Mason grading and FS) 
parameters was observed in a rituximab 
treated cohort (106).
Conversely, two clinical studies failed 
to demonstrate a significant clini-
cal benefit following rituximab treat-
ment (107, 108). In detail, a recent 
randomised trial on 120 pSS patients 
concluded that rituximab was not su-
perior to placebo in improving disease-
associated symptoms or disease activity 
at week 24. However, an improvement 
in visual analogue scale (VAS) fatigue 
score was more common in the rituxi-
mab cohort at earlier time points (107). 
Similarly, a statistically significant im-
provement in some symptoms, includ-
ing oral dryness and discomfort and 
fatigue, was observed in a small pSS 

cohort at 26 weeks following a single 
course of rituximab. However, no sig-
nificant improvement was reported on 
other parameters, including joint pain, 
salivary flow, tear production and qual-
ity of life as measured by the SF-36 
(108). All trials, however, demonstrated 
a good safety profile of rituximab thera-
py in SS patients (105-108). 
Interestingly, De Vita et al. described a 
female patient with a SS-related lym-
phoproliferation and cryoglobulinae-
mic vasculitis sequentially treated with 
the monoclonal antibody against BAFF, 
belimumab, and rituximab after failure 
of each drug singularly administered 
(109). A complete and persistent regres-
sion of both lymphoma and skin ulcers 
with normalisation of cryoglobulins 
and rheumatoid factor was reported fol-
lowing treatment administration (109).
Another biologic therapy evaluated 
as potential therapeutic target in pSS 
aimed to interfere with B-cell activa-
tion. An open-label phase II study on 
30 SS showed encouraging results at 
28 weeks following belimumab ad-
ministration, with more than half of 
the patients achieving improvement in 
subjective symptoms of dryness, fa-
tigue and pain and objective activity 
scores and/or in laboratory markers of 
disease-related immune system dysreg-
ulation, including serum levels of free 
light chains of immunoglobulin, β2-
microglobulin, monoclonal component 
and C4 levels. In addition, the mean 
ESSDAI and ESSPRI significantly de-
creased and the safety profile was good 
while objective measures of dryness did 
not change (110).
In recent years, the role of T lympho-
cytes in disease pathogenesis has been 
clearly demonstrated. Indeed, it has 
been demonstrated that T cells are in-
volved in the formation of inflamma-
tory infiltrated in salivary glands of pSS 
patients and to increase B-cell activa-
tion. Consequently, studies evaluated 
the effect of T-cell targeted therapies in 
SS. The cytotoxic T lymphocyte anti-
gen 4 abatacept has been judged effec-
tive, safe and well tolerated in pSS pa-
tients in three clinical trials (111-113). 
Specifically, an open-label prospective 
study on 15 primary pSS patients dem-
onstrated an improvement in quality of 

life measures and in several clinical and 
laboratory parameters 24 weeks after 
drug administration (111). However, 
objective measures of dryness did not 
change during treatment (111). On the 
contrary, a 1-year open-label study on 
32 RA patients with secondary SS dem-
onstrated a slight increase in saliva and 
tear volumes 24 weeks after abatacept 
administration (112). In line with these 
findings, histopathologic revision of 
minor salivary gland biopsy samples 
obtained before and after 8 doses of 
abatacept in 10 pSS patients showed a 
significant decrease in the total number 
of lymphocytic foci and in the density 
of all infiltrating lymphocytic subpopu-
lations. In addition, saliva secretion 
tended to increase reaching statistical 
significance when the data were adjust-
ed for disease duration (113).
No clinical trials evaluating the effect 
of anti-TNF agents and anti-IL-6 re-
ceptor antibody tocilizumab have been 
published the last two years. Case se-
ries reporting the beneficial effect of 
tocilizumab in a 52-year-old woman 
diagnosed with ulcerative colitis who 
developed pSS during infliximab ther-
apy, and in a 38-year-old SS woman 
with relapsing transverse myelitis, have 
been published (114, 115). Similarly, no 
clinical trials have been published on 
further biologic agents except reviews 
exploring IL-1, IL-10, IL-17 and CD6 
as possible targets for the treatment of 
SS (116-119). A summary of clinical 
trials on the effect of biologic therapy 
in pSS is reported in Table II.
New drugs for pSS treatment are cur-
rently being developed. A protein poly-
mer-based platform consisting of di-
block copolymers composed of Elastin-
like polypeptides fused with FKBP12 
was evaluated in non-obese diabetic 
mouse, a classic animal model of SS. 
This nanoparticle formulation signifi-
cantly suppressed lymphocytic infiltra-
tion in the lacrimal glands suggesting 
its potential role as future promising 
tool for the treatment of pSS patients 
(120).
Inhibition  of  p38-MAPK  pathway  has 
been investigated as a potential treat-
ment strategy for SS-related  dry  eye. 
In particular, p38-MAPK pathway 
inhibitor lacrimal gland injection sig-
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nificantly increased tear production and 
reduced lymphocyte infiltration in a 
mouse model of pSS (121).
It is interesting to note that, although 
the role of vitamin D deficiency on 
primary SS pathogenesis and clinical 
presentation remains unclear, reduced 
vitamin D levels at the earliest stages 
of the disease have been found in these 
patients, suggesting a potential benefit 
of vitamin D in SS (122).  
Referring to topical therapy, trials on 
the amino acid analogue of 2 (1H)-qui-
nolinone rebamipide, cyclosporine, bot-
ulinum neurotoxin type A, autologous 
serum eye drops, and anti-IL-1 agent 
anakinra have recently been published 
(123-128).
Administration of a 2%  rebamipide 

ocular suspension in thirty SS patients 
led to significant improvement of fluo-
rescein staining and lissamine green-
staining score and of tear film break-up 
time (BUT) at week 4, in association 
with subjective symptom improvement 
(123). 
Twenty-six pSS patients treated with 
one drop of 0.05% cyclosporine twice a 
day reported significant improvements 
in all subjective symptoms at 1 week in 
comparison to a control group. In ad-
dition, significant improvements in eye 
redness, Schirmer’s test and BUT were 
depicted at 1 week. No adverse effects 
related to the drug occurred (124).
Botulinum neurotoxin type A injection 
in 24 SS patients lead to an increase in 
the Schirmer score in all cases. Howev-

er, a loss of efficacy was depicted after 
a mean time of 4.5 months (125).
In the same way, a significant improve-
ment of ocular symptoms, ocular sur-
face staining scores and BUT was re-
ported in pSS patients following autol-
ogous serum eye drops administration 
(126, 129).
Amino acids enriched tears were tested 
in 20 patients by the administration of 
sodium hyaluronate (SH) plus L-gly-
cine, L-proline, L-lysine hydrochloride, 
and L-leucine. At 1-month follow-up, a 
significant improvement of BUT score 
was observed in these patients com-
pared to subjects treated with SH only. 
Efficacy of treatment was maintained at 
3-month of follow-up in patient treated 
with amino acids enriched tears sug-

Table II. Clinical trial on biologic agents in SS patients. 

Drug	 Author	 Study	 Patients (n)	 Dosage	 Median follow-up	 Efficacy	 Adverse events
	 (reference)	

	 Gottenber	 Prospective	 78	 1 g days 1/15 (67 pts)	 34.9 months	 At 6-month:	 - infusion reactions
	 (105)	 multicentre 		  375mg/m2/		  - median ESSDAI decrease	 - delayed serum 
				    weekly for 4 weeks (11 pts)		  -corticosteroid dosage reduction	 sickness-like disease
							       - serious infections 
							       – cancer
	
	 Carubbi (106)	 Prospective, multi-centre	 19 RTX	 1 g days 1/15	 120 weeks	 In RTX group:	 No adverse events
			   22 DMARDs	 repeated every 24 weeks		  - higher decrease of ESSDAI,	  
						      VAS global disease activity,
						      VAS pain, physician global
						      assessment;  
						      - Schirmer’s test  and histological
						      improvement 	
	
	 Devauchelle-Pensec	 RCT, double-blind	 122	 1 g days 1/15	 24 weeks	 No significant difference primary	 RTX group:
	 (107)					     end-point;  improvement in 	 - severe infections
						      VAS fatigue score in RTX 	 - cytopenia
							       - purpura
							       - allergic events
	
	 St Clair (108)	 Prospective, open-label, 	 12	 1 g days 1/15	 52 weeks	 At week 26 modest improvement	 - vaccination
		  single arm	  	 (single course)		  in pts reported symptoms,	 reactions
						      lacrimal and salivary function	  - cancer
	
	 Mariette (110)	 Open-label, phase II	 31 	 10 mg/kg, at week 0, 2	 28 weeks	 Primary endpoint	 - infections 
				    and 4 then every 4 weeks		  achieved in 60% of patients;	 - cancer 
						      significant ESSDAI and  ESSPRI
						      decrease;  
						      salivary flow and Schirmer’s test
						      unchanged	

	 Meiners (111)	 Open-label, phase II 	 15	 10 mg/kg on days 1, 15	 48 weeks	 Median ESSDAI/ESSPRI	 - mild infusion n 
				    and 29 then every 4 weeks		  decrease	 reaction
						      HR-QoL improvement;	 - dizziness and
						      salivary flow/lacrimal function	 hypotension
						      unchanged	 - mild infections 
	
	 Tsuboi (112)	 Open-label, prospective,	 32	 500 mg (<60 kg) 750 mg	 52 weeks	 Slight increase of saliva and 	 - infections
		  observational multicenter		   (>60 kg) at weeks 0, 2, 4,	 (interim analysis	 tear volume at week 24 
				    and every 4 weeks	 24 weeks)		
	
	 Adler (113)	 Open-label, prospective,	 11	 500 mg (<60 kg) 750 mg	 28 weeks	 Significant reduction of	 - lupus-like skin
		  observational		   (>60 kg) at weeks 0, 2,		  lymphocytic foci at biopsy and	 lesions 
				    4, 8, 12, 16, 20, 24	  	 increase of saliva secretion 	 - diverticulitis

DMARDs: disease-modifying anti-rheumatic drugs; ESSDAI:  EULAR Sjögren’s syndrome disease activity index; pSS: primary Sjögren syndrome; ESSPRI:  EULAR Sjögren’s 
Syndrome Patient Reported Index; pts: patients; RA: rheumatoid arthritis; RCT: randomised clinical trial; RTX: rituximab; VAS: visual analogue scale.

R
itu

xi
m

ab
B

el
im

um
ab

A
ba

ta
ce

pt



268

REVIEW Primary Sjögren’s syndrome / N. Luciano et al.

gesting that, although SH is one of the 
most common substances employed as 
tear substitute, the addition of amino ac-
ids may be of additional benefit (130).
Table III summarises studies on topical 
treatment in pSS patients.
In conclusion, noteworthy contribu-
tions to our understanding of pSS have 
been made over the past two years. 
Novel insights into the pathogenesis of 
the disease, as well as data coming from 
multicentre studies exploring the clini-
cal presentations of the disease and its 
subsets, have opened new avenues for 
the treatment of the disease. It is likely 
that in the near future, novel therapeutic 
strategies will be available for pSS that 
will ultimately improve prognosis and 
long-term outcomes of pSS patients.
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GWAS: genome wide association
IRF5:    interferon regulatory factor 5
STAT4: signal transducer and activator 	
             of transcription 4
IL:        interleukin
INF:      interferon
BLK:    B lymphocyte kinase
CXCR5: chemokine  receptor type 5
TNIP1: TNFAIP3 interacting protein 1
TLS:     tertiary lymphoid structures
EBV:    Epstein-Barr virus
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ELS:     ectopic lymphoid structures
moDC: Monocyte-derived dendritic 	
             cells

SG:        salivary glands
SGECs: salivary gland epithelial cells
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NGFβ:   nerve growth factor β
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BAFF:   B cell activating factor
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SGUS:   salivary gland ultrasono-	
              graphy
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GN:      glomerulonephritis
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             microscopy
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References
   1.	 LESSARD CJ, LI H, ADRIANTO I et al.:    

Variants at multiple loci implicated in both 
innate and adaptive immune responses are 
associated with Sjögren’s syndrome. Nature 
genetics 2013; 45: 1284-92.

   2.	 NORDMARK G, WANG C, VASAITIS L et 
al.: Association of genes in the NF-kappaB 
pathway with antibody-positive primary 
Sjögren’s syndrome. Scand J Immunol 2013; 
78: 447-54.

   3.	 ALTOROK N, COIT P, HUGHES T et al.:      
Genome-wide DNA methylation patterns in 
naive CD4+ T cells from patients with pri-
mary Sjögren’s syndrome. Arthritis Rheum 
2014; 66: 731-9.

   4.	 LUCCHESI D, BOMBARDIERI M: The role 
of viruses in autoreactive B cell activation 
within tertiary lymphoid structures in auto-
immune diseases. J Leukoc Biol 2013; 94: 
1191-9.

   5.	 CROIA C, ASTORRI E, MURRAY-BROWN W et 
al.: Implication of Epstein-Barr virus infec-
tion in disease-specific autoreactive B cell 
activation in ectopic lymphoid structures of 
Sjögren’s syndrome. Arthritis Rheum 2014; 
66: 2545-57. 

   6.	 SZYMULA A, ROSENTHAL J, SZCZERBA 
BM, BAGAVANT H, FU SM, DESHMUKH US: 
T cell epitope mimicry between Sjögren’s 
syndrome antigen A (SSA)/Ro60 and oral, 
gut, skin and vaginal bacteria. Clin Immunol 
2014; 152: 1-9.

Table III. Studies on topical eye medications in SS patients. 

Drug	 Author (reference)	 Dosage	 Composition	 Patients (n)

Rebamipide	 Arimoto (123)	 1 drop per eye, 4 times daily for 4 weeks	 2% suspension	 30

Cyclosporine A	 Deveci (124)	 One drop twice/daily	 0.05 suspension	 26

Botulinum	 Bukhari (125)	 A single subcutaneous injections of 0.1 mL 2 mm	 3.3 U/0.1 ml	 24
neurotoxin type A		   inferior to the lid margin medial to the lower
		  punctum of both lower eyelids	

Autologous	 Hwang (126)	 Eye drops 8 times/daily for 4 weeks	 50% autologous serum plus	 20 pSS and 14 secondary SS
serum eye drops	  		  0.1% SH 	
	
	 Cho (129)	 Serum eye drops were applied six times/daily	 Four different formulations:	 22 SS patients on a total of 
		  in addition to preservative-free artificial tears	 -100% autologous serum	 85 patients
		  four times/daily	 -50% serum with normal saline
			   -50% serum with SH
			   -50% serum with ceftazidime	

Amino acids	 Aragona (130)	 1 drop x 5 times/daily	 SH (0.15%) plus L-glycine (0.1%), 	 20
enriched tears			    L-proline (0.0752%), L-lysine hydrochloride 
			   (0.014%), and L-leucine (0.0108%)	

pSS: primary Sjögren’s syndrome;  SH: sodium hyaluronate.



269

REVIEWPrimary Sjögren’s syndrome / N. Luciano et al.

   7.	 MANOUSSAKIS MN, FRAGOULIS GE, VAK-
RAKOU AG, MOUTSOPOULOS HM: Impaired 
clearance of early apoptotic cells mediated 
by inhibitory IgG antibodies in patients with 
primary Sjögren’s syndrome. PLoS One 
2014; 9: e112100.

   8.	 FRAGOULIS GE, VAKRAKOU AG, PAPADO-
POULOU A et al.: Impaired degradation and 
aberrant phagocytosis of necrotic cell de-
bris in the peripheral blood of patients with 
primary Sjögren’s syndrome. J Autoimmun 
2015; 56: 12-22.

   9.	 MASLINSKA M, PRZYGODZKA M, KWIAT-
KOWSKA B, SIKORSKA-SIUDEK K: Sjögren’s 
syndrome: Still not fully understood disease. 
Rheumatology Int 2015; 35: 233-41.

 10.	 VOGELSANG P, KARLSEN M, BRUN JG, 
JONSSON R, APPEL S: Altered phenotype 
and stat1 expression in toll-like receptor 7/8 
stimulated monocyte-derived dendritic cells 
from patients with primary Sjögren’s syn-
drome. Arthritis Res Ther 2014; 16: R166.

 11.	 LI H, ICE JA, LESSARD CJ, SIVILS KL:            
Interferons in Sjögren’s syndrome: Genes, 
mechanisms, and effects. Front Immunol 
2013; 4: 290.

 12.	 YAO Y, LIU Z, JALLAL B, SHEN N, RONN-
BLOM L: Type i interferons in Sjögren’s syn-
drome. Autoimmun Rev 2013; 12: 558-66.

 13.	 ARELLANO-GARCIA ME, MISUNO K, TRAN 
SD, HU S: Interferon-gamma induces immu-
noproteasomes and the presentation of MHC 
I-associated peptides on human salivary 
gland cells. PloS one 2014; 9: e102878.

 14.	 KYRIAKIDIS NC, KAPSOGEORGOU EK, 
GOURZI VC, KONSTA OD, BALTATZIS GE,  
TZIOUFAS AG: Toll-like receptor 3 stimula-
tion promotes Ro52/trim21 synthesis and nu-
clear redistribution in salivary gland epithe-
lial cells, partially via type i interferon path-
way. Clin Exp Immunol 2014; 178: 548-60.

 15.	 AQRAWI LA, KVARNSTROM M, BROKSTAD 
KA, JONSSON R, SKARSTEIN K, WAHREN-
HERLENIUS M: Ductal epithelial expres-
sion of Ro52 correlates with inflammation 
in salivary glands of patients with primary 
Sjögren’s syndrome. Clin Exp Immunol 
2014; 177: 244-52.

 16.	 BALDINI C, ROSSI C, FERRO F et al.:          
The p2x7 receptor-inflammasome complex 
has a role in modulating the inflammatory 
response in primary Sjögren’s syndrome.          
J Intern Med 2013; 274: 480-9.

 17.	 LESTER S, STOKES L, SKARRATT K et al.: 
Epistasis with HLA DR3 implicates the 
p2x7 receptor in the pathogenesis of primary 
Sjögren’s syndrome. Arthritis Res Ther 
2013; 15: R71.

 18.	 XIE B, CHEN Y, ZHANG S et al.: The expres-
sion of p2x7 receptors on peripheral blood 
mononuclear cells in patients with primary 
Sjögren’s syndrome and its correlation with 
anxiety and depression. Clin Exp Rheumatol 
2014; 32: 354-60.

 19.	 LISI S, SISTO M, D’AMORE M, LOFRUMENTO 
DD, RIBATTI D: Emerging avenues linking 
inflammation, angiogenesis and Sjögren’s 
syndrome. Cytokine 2013; 61: 693-703.

 20.	 LISI S, SISTO M, LOFRUMENTO DD, 
D’AMORE M, de LUCRO R, RIBATTI D:           
A potential role of the GRO-alpha/CXCR2 
system in Sjögren’s syndrome: regula-

tory effects of pro-inflammatory cytokines.      
Histochem Cell Biol 2013; 139: 371-9.

 21.	 LISI S, SISTO M, LOFRUMENTO DD, 
D’AMORE M, de LUCRO R, RIBATTI D: 
GRO-alpha/CXCR2 system and ADAM17 
correlated expression in Sjögren’s syn-
drome. Inflammation 2013; 36: 759-66.

 22.	 SISTO M, LISI S, D’AMORE M, LOFRUMENTO 
DD: The metalloproteinase ADAM17 and the 
epidermal growth factor receptor (EGFR) 
signaling drive the inflammatory epithelial 
response in Sjögren’s syndrome. Clin Exp 
Med 2014 Mar 25 [Epub ahead of print].

 23.	 LISI S, SISTO M, RIBATTI D et al.: Chronic 
inflammation enhances NGF-beta/TrkA  
system expression via EGFR/MEK/ERK 
pathway activation in Sjögren’s syndrome.     
J Mol Med (Berl) 2014; 92: 523-37.

 24.	 SISTO M, LISI S: New insights into adams 
regulation of the GRO-alpha/CXCR2 sys-
tem: Focus on Sjögren’s syndrome. Int Rev 
Immunol 2014: 

 25.	 ALUNNO A, BISTONI O, BARTOLONI BOCCI 
E et al.: Il-17-producing double-negative t 
cells are expanded in the peripheral blood, 
infiltrate the salivary gland and are partially 
resistant to corticosteroid therapy in pa-
tients with Sjögren’s syndrome. Reumatismo 
2013; 65: 192-8.

 26.	 ALUNNO A, CARUBBI F, BISTONI O et al.: 
CD4-CD8- T-cells in primary Sjögren’s syn-
drome: association with the extent of glan-
dular involvement. J Autoimmun 2014; 51: 
38-43.

 27.	 ALUNNO A, PETRILLO MG, NOCENTINI G 
et al.: Characterization of a new regulatory 
CD4+ T cell subset in primary Sjögren’s 
syndrome. Rheumatology (Oxford) 2013; 
52: 1387-96.

 28.	 SZABO K, PAPP G, BARATH S, GYIMESI E, 
SZANTO A, ZEHER M: Follicular helper T 
cells may play an important role in the se-
verity of primary Sjögren’s syndrome. Clin 
Immunol 2013; 147: 95-104.

 29.	 SZABO K, PAPP G, DEZSO B, ZEHER M:     
The histopathology of labial salivary glands 
in primary Sjögren’s syndrome: Focusing on 
follicular helper T cells in the inflammatory 
infiltrates. Mediators Inflamm 2014; 2014: 
631-787.

 30.	 JIN L, YU D, LI X et al.: CD4+CXCR5+         
follicular helper T cells in salivary gland 
promote B cells maturation in patients with 
primary Sjögren’s syndrome. Int J Clin Exp 
Pathol 2014; 7: 1988-96.

 31.	 GONG YZ, NITITHAM J, TAYLOR K et al.: 
Differentiation of follicular helper T cells 
by salivary gland epithelial cells in primary 
Sjögren’s syndrome. J Autoimmun 2014; 51: 
57-66.

 32.	 LAHIRI A, POCHARD P, LE POTTIER L et al.: 
The complexity of the BAFF TNF-family 
members: Implications for autoimmunity.     
J Autoimmun 2012; 39: 189-98.

 33.	 CORNEC D, DEVAUCHELLE-PENSEC V,     
TOBON GJ, PERS JO, JOUSSE-JOULIN S, 
SARAUX A: B cells in Sjögren’s syndrome: 
From pathophysiology to diagnosis and 
treatment. J Autoimmun 2012; 39: 161-7.

 34.	 PERS JO, DEVAUCHELLE V, DARIDON C 
et al.: BAFF-modulated repopulation of 
B lymphocytes in the blood and salivary 

glands of rituximab-treated patients with 
Sjögren’s syndrome. Arthritis Rheum 2007; 
56: 1464-77.

 35.	 PERS JO, YOUINOU P: Are the B cells cast 
with the leading part in the Sjögren’s syn-
drome scenario? Oral diseases 2014; 20: 
529-37.

 36.	 LAHIRI A, VARIN MM, LE POTTIER L et al.: 
Specific forms of BAFF favor BAFF recep-
tor-mediated epithelial cell survival. J Auto-
immun 2014; 51: 30-7.

 37.	 CORSIERO E, SUTCLIFFE N, PITZALIS C, 
BOMBARDIERI M: Accumulation of self-
reactive naive and memory B cell reveals 
sequential defects in B cell tolerance check-
points in Sjögren’s syndrome. PLoS One 
2014; 9: e114575.

 38.	 ROBERTS ME, KAMINSKI D, JENKS SA et al.: 
Primary Sjögren’s syndrome is characterized 
by distinct phenotypic and transcriptional 
profiles of IGD+ unswitched memory cells. 
Arthritis Rheum 2014: 

 39.	 MANTHORPE R, OXHOLM P, PRAUSE JU, 
SCHIODT M: The Copenhagen criteria for 
Sjögren’s syndrome. Scand J Rheumatol 
Suppl 1986; 61: 19-21.

 40.	 SKOPOULI FN, DROSOS AA, PAPAIOAN-
NOU T, MOUTSOPOULOS HM: Preliminary 
diagnostic criteria for Sjögren’s syndrome. 
Scand J Rheumatol Suppl 1986; 61: 22-5.

 41.	 HOMMA M, TOJO T, AKIZUKI M, YAMAGATA 
H: Criteria for Sjögren’s syndrome in Japan. 
Scand J Rheumatol Suppl 1986; 61: 26-7.

 42.	 FOX RI, ROBINSON CA, CURD JG, KOZIN F, 
HOWELL FV: Sjögren’s syndrome. Proposed 
criteria for classification. Arthritis Rheum 
1986; 29: 577-85.

 43.	 VITALI C, BOMBARDIERI S, MOUTSOPOU-
LOS HM et al.: Preliminary criteria for the 
classification of Sjögren’s syndrome. Re-
sults of a prospective concerted action sup-
ported by the European community. Arthritis 
Rheum 1993; 36: 340-7.

 44.	 VITALI C, BOMBARDIERI S, JONSSON R et 
al.: Classification criteria for Sjögren’s syn-
drome: A revised version of the European 
criteria proposed by the American-European 
consensus group. Ann Rheum Dis 2002; 61: 
554-8.

 45.	 BALDINI C, TALARICO R, TZIOUFAS AG, 
BOMBARDIERI S: Classification criteria for 
Sjögren’s syndrome: A critical review. J    
Autoimmun 2012; 39: 9-14.

 46.	 SHIBOSKI SC, SHIBOSKI CH, CRISWELL L et 
al.: American college of rheumatology clas-
sification criteria for Sjögren’s syndrome: 
A data-driven, expert consensus approach 
in the Sjögren’s international collaborative 
clinical alliance cohort. Arthritis Care Res 
(Hoboken) 2012; 64: 475-87.

 47.	 VITALI C, BOOTSMA H, BOWMAN SJ et al.: 
Classification criteria for Sjögren’s syn-
drome: We actually need to definitively 
resolve the long debate on the issue. Ann 
Rheum Dis 2013; 72: 476-8.

 48.	 RASMUSSEN A, ICE JA, LI H et al.: Compari-
son of the American-European consensus 
group Sjögren’s syndrome classification cri-
teria to newly proposed American College of 
Rheumatology criteria in a large, carefully 
characterised sicca cohort. Ann Rheum Dis 
2014; 73: 31-8.



270

REVIEW Primary Sjögren’s syndrome / N. Luciano et al.

 49.	 QUARTUCCIO L, BALDINI C, PRIORI R et al.: 
The classification criteria for Sjögren syn-
drome: Issues for their improvement from 
the study of a large italian cohort of patients. 
Ann Rheum Dis 2014; 73: e35.

 50.	 HERNANDEZ-MOLINA G, AVILA-CASADO 
C, NUNEZ-ALVAREZ C et al.: Utility of the 
American-European consensus group and 
American College of Rheumatology classifi-
cation criteria for Sjögren’s syndrome in pa-
tients with systemic autoimmune diseases in 
the clinical setting. Rheumatology (Oxford) 
2015; 54: 441-8.

 51.	 BOWMAN SJ, FOX RI: Classification criteria 
for Sjögren’s syndrome: Nothing ever stands 
still! Ann Rheum Dis 2014; 73: 1-2.

 52.	 CORNEC D, JOUSSE-JOULIN S, PERS JO et 
al.: Contribution of salivary gland ultra-
sonography to the diagnosis of Sjögren’s 
syndrome: Toward new diagnostic criteria? 
Arthritis Rheum 2013; 65: 216-25.

 53.	 CORNEC D, JOUSSE-JOULIN S, SARAUX A, 
DEVAUCHELLE-PENSEC V: Salivary gland 
ultrasound to diagnose Sjögren’s syndrome: 
A claim to standardize the procedure. Rheu-
matology (Oxford) 2015; 54: 199-200.

 54.	 HAMMENFORS DS, BRUN JG, JONSSON R, 
JONSSON MV: Diagnostic utility of major 
salivary gland ultrasonography in primary 
Sjögren’s syndrome. Clin Exp Rheumatol 
2015; 33: 56-62.

 55.	 SONG GG, LEE YH: Diagnostic accuracies of 
sialography and salivary ultrasonography in 
Sjögren’s syndrome patients: A meta-analy-
sis. Clin Exp Rheumatol 2014; 32: 516-22.

 56.	 NIETO-GONZALEZ JC, MONTEAGUDO I, 
BELLO N, MARTINEZ-ESTUPINAN L, NARE-
DO E, CARRENO L: Salivary gland ultrasound 
in children: A useful tool in the diagnosis of 
juvenile Sjögren’s syndrome. Clin Exp Rheu-
matol 2014; 32: 578-80.

 57.	 TAKAGI Y, SUMI M, NAKAMURA H et al.: 
Ultrasonography as an additional item in the 
american college of rheumatology classifica-
tion of Sjögren’s syndrome. Rheumatology 
(Oxford) 2014; 53: 1977-83.

 58.	 CAROTTI M, CIAPETTI A, JOUSSE-JOULIN S, 
SALAFFI F: Ultrasonography of the salivary 
glands: The role of grey-scale and colour/
power Doppler. Clin Exp Rheumatol 2014; 
32: S61-70.

 59.	 SEROR R, THEANDER E, BOOTSMA H et al.: 
Outcome measures for primary Sjögren’s 
syndrome: A comprehensive review. J Auto-
immun 2014; 51: 51-6.

 60.	 VITALI C, PALOMBI G, BALDINI C et al.: 
Sjögren’s syndrome disease damage index 
and disease activity index: Scoring systems 
for the assessment of disease damage and 
disease activity in Sjögren’s syndrome, de-
rived from an analysis of a cohort of Italian 
patients. Arthritis Rheum 2007; 56: 2223-31.

 61.	 SEROR R, RAVAUD P, MARIETTE X et al.: 
Eular Sjögren’s syndrome patient reported 
index (ESSPRI): Development of a consen-
sus patient index for primary Sjögren’s syn-
drome. Ann Rheum Dis 2011; 70: 968-72.

 62.	 SEROR R, THEANDER E, BRUN JG et al.:  
Validation of eular primary Sjögren’s syn-
drome disease activity (ESSDAI) and pa-
tient indexes (ESSPRI). Ann Rheum Dis 
2014: 

 63.	 SEROR R, RAVAUD P, BOWMAN SJ et al.:  

EULAR Sjögren’s syndrome disease ac-
tivity index: Development of a consensus 
systemic disease activity index for primary 
Sjögren’s syndrome. Ann Rheum Dis 2010; 
69: 1103-9.

 64.	 SEROR R, GOTTENBERG JE, DEVAUCHELLE-
PENSEC V et al.: European League Against 
Rheumatism Sjögren’s Syndrome Disease 
Activity Index and European League Against 
rheumatism Sjögren’s syndrome Patient-re-
ported Index: A complete picture of primary 
Sjögren’s syndrome patients. Arthritis Care 
Res (Hoboken) 2013; 65: 1358-64.

 65.	 RAMOS-CASALS M, BRITO-ZERON P, 
SOLANS R et al.: Systemic involvement in 
primary Sjögren’s syndrome evaluated by the 
EULAR-SS disease activity index: Analysis 
of 921 Spanish patients (GEAS-SS registry). 
Rheumatology (Oxford) 2014; 53: 321-31.

 66.	 BRITO-ZERON P, KOSTOV B, SOLANS R et 
al.: Systemic activity and mortality in pri-
mary Sjögren syndrome: Predicting survival 
using the EULAR-SS disease activity index 
(ESSDAI) in 1045 patients. Ann Rheum Dis 
2014: 

 67.	 MOERMAN RV, ARENDS S, MEINERS PM et 
al.: EULAR Sjögren’s syndrome disease 
activity index (ESSDAI) is sensitive to 
show efficacy of rituximab treatment in a 
randomised controlled trial. Ann Rheum Dis 
2014; 73: 472-4.

 68.	 LENDREM D, MITCHELL S, McMEEKIN P et 
al.: Do the European League against Rheu-
matism Sjögren’s syndrome outcome meas-
ures correlate with health status in primary 
Sjögren’s syndrome? Rheumatology (Ox-
ford) 2014: 

 69.	 PERTOVAARA M, KORPELA M: ESSPRI and 
other patient-reported indices in patients 
with primary Sjögren’s syndrome during 
100 consecutive outpatient visits at one 
rheumatological clinic. Rheumatology (Ox-
ford) 2014; 53: 927-31.

 70.	 CHO HJ, YOO JJ, YUN CY et al.: The EULAR 
Sjögren’s syndrome patient reported index 
as an independent determinant of health-
related quality of life in primary Sjögren’s 
syndrome patients: In comparison with non-
Sjögren’s sicca patients. Rheumatology (Ox-
ford) 2013; 52: 2208-17.

 71.	 SEROR R, BOOTSMA H, SARAUX A et al.: 
Defining disease activity states and clini-
cally meaningful improvement in primary 
Sjögren’s syndrome with eular primary 
Sjögren’s syndrome disease activity (ESS-
DAI) and patient-reported indexes ESSPRI). 
Ann Rheum Dis 2014: 

 72.	 BALDINI C, PEPE P, QUARTUCCIO L et al.: 
Primary Sjögren’s syndrome as a multi-or-
gan disease: Impact of the serological profile 
on the clinical presentation of the disease in 
a large cohort of Italian patients. Rheumatol-
ogy (Oxford) 2014; 53: 839-44.

 73.	 GOULES AV, TATOULI IP, MOUTSOPOULOS 
HM, TZIOUFAS AG: Clinically significant 
renal involvement in primary Sjögren’s syn-
drome: Clinical presentation and outcome. 
Arthritis Rheum 2013; 65: 2945-53.

 74.	 SHAVIT L, GRENADER T: Clinical manifesta-
tions and outcome of ANCA-related pauci-
immune glomerulonephritis in patients with 
Sjögren’s syndrome. Clin Exp Rheumatol 
2014; 32: S19-25.

 75.	 BRITO-ZERON P, AKASBI M, BOSCH X et al.: 
Classification and characterisation of periph-
eral neuropathies in 102 patients with prima-
ry Sjögren’s syndrome. Clin Exp Rheumatol 
2013; 31: 103-10.

 76.	 HORVATH IF, SZANTO A, PAPP G, ZEHER 
M: Clinical course, prognosis, and cause of 
death in primary Sjögren’s syndrome. J Im-
munol Res 2014; 2014: 647507.

 77.	 PALM O, GAREN T, BERGE ENGER T et al.: 
Clinical pulmonary involvement in primary 
Sjögren’s syndrome: Prevalence, quality 
of life and mortality--a retrospective study 
based on registry data. Rheumatology (Ox-
ford) 2013; 52: 173-9.

 78.	 LIANG Y, YANG Z, QIN B, ZHONG R: Primary 
Sjögren’s syndrome and malignancy risk: A 
systematic review and meta-analysis. Ann 
Rheum Dis 2014; 73: 1151-6.

 79.	 RISSELADA AP, KRUIZE AA, BIJLSMA JW: 
Clinical features distinguishing lymphoma 
development in primary Sjögren’s syn-
drome--a retrospective cohort study. Semin 
Arthritis Rheum 2013; 43: 171-7.

 80.	 QUARTUCCIO L, ISOLA M, BALDINI C et al.: 
Biomarkers of lymphoma in Sjögren’s syn-
drome and evaluation of the lymphoma risk 
in prelymphomatous conditions: Results of 
a multicenter study. J Autoimmun 2014; 51: 
75-80.

 81.	 QUARTUCCIO L, SALVIN S, FABRIS M et al.: 
Blys upregulation in Sjögren’s syndrome as-
sociated with lymphoproliferative disorders, 
higher essdai score and B-cell clonal expan-
sion in the salivary glands. Rheumatology 
(Oxford) 2013; 52: 276-81.

 82.	 SOLIOTIS F, MAVRAGANI CP, PLASTIRAS 
SC, RONTOGIANNI D, SKOPOULI FN, MOUT-
SOPOULOS HM: IgG4-related disease: A 
rheumatologist’s perspective. Clin Exp 
Rheumatol 2014; 32: 724-7.

 83.	 MAVRAGANI CP, FRAGOULIS GE, RONTO-
GIANNI D, KANARIOU M, MOUTSOPOULOS 
HM: Elevated IgG4 serum levels among pri-
mary Sjögren’s syndrome patients: Do they 
unmask underlying IgG4-related disease? Ar-
thritis Care Res (Hoboken) 2014; 66: 773-7.

 84.	 BARTOLONI E, BALDINI C, SCHILLACI G et 
al.: Cardiovascular disease risk burden in 
primary Sjögren’s syndrome: Results of a 
population-based multicentre cohort study.   
J Intern Med 2015: 

 85.	 ATZENI F, SARZI-PUTTINI P, SIGNORELLO 
MC et al.: New parameters for identifying 
subclinical atherosclerosis in patients with 
primary Sjögren’s syndrome: A pilot study. 
Clin Exp Rheumatol 2014; 32: 361-8.

 86.	 JUAREZ M, TOMS TE, de PABLO P et al.:  
Cardiovascular risk factors in women with 
primary Sjögren’s syndrome: United King-
dom primary Sjögren’s syndrome registry 
results. Arthritis Care Res (Hoboken) 2014; 
66: 757-64.

 87.	 CHIANG CH, LIU CJ, CHEN PJ et al.: Primary 
Sjögren’s syndrome and risk of ischemic 
stroke: A nationwide study. Clin Rheumatol 
2014; 33: 931-7.

 88.	 TAVONI AG, BALDINI C, BENCIVELLI W 
et al.: Minor salivary gland biopsy and 
Sjögren’s syndrome: Comparative analysis 
of biopsies among different Italian rheuma-
tologic centers. Clin Exp Rheumatol 2012; 
30: 929-33.



271

REVIEWPrimary Sjögren’s syndrome / N. Luciano et al.

 89.	 CARUBBI F, ALUNNO A, CIPRIANI P et al.:  
A retrospective, multicenter study evaluat-
ing the prognostic value of minor salivary 
gland histology in a large cohort of patients 
with primary Sjögren’s syndrome. Lupus 
2015; 24: 315-20.

 90.	 RISSELADA AP, KRUIZE AA, GOLD-
SCHMEDING R, LAFEBER FP, BIJLSMA JW, 
VAN ROON JA: The prognostic value of rou-
tinely performed minor salivary gland as-
sessments in primary Sjögren’s syndrome. 
Ann Rheum Dis 2014; 73: 1537-40.

 91.	 DELALEU N, MYDEL P, KWEE I, BRUN JG, 
JONSSON MV, JONSSON R: High fidelity 
between saliva proteomics and the salivary 
glands’ biological state defines biomarker-
signatures for primary Sjögren’s syndrome. 
Arthritis Rheumatol 2014: 

 92.	 DEUTSCH O, KRIEF G, KONTTINEN YT et 
al.: Identification of Sjögren’s syndrome 
oral fluid biomarker candidates following 
high-abundance protein depletion. Rheuma-
tology (Oxford) 2014: 

 93.	 GALLO A, TANDON M, ILLEI G, ALEVIZOS 
I: Discovery and validation of novel micro-
rnas in Sjögren’s syndrome salivary glands. 
Clin Exp Rheumatol 2014; 32: 761-2.

 94.	 GALLO A, MARTINI D, SERNISSI F et 
al.: Gross cystic disease fluid protein-
15(GCDFP-15)/prolactin-inducible protein 
(PIP) as functional salivary biomarker for 
primary Sjögren’s syndrome.J Genet Syndr 
Gene Ther 2013; 15: 4. 

 95.	 GABBRIELLINI G, BALDINI C, VARANINI V 
et al.: In vivo confocal scanning laser mi-
croscopy in patients with primary Sjögren’s 
syndrome: A monocentric experience. Mod 
Rheumatol 2014: 1-5.

 96.	 CORNEC D, JOUSSE-JOULIN S, MARHA-
DOUR T et al.: Salivary gland ultrasonogra-
phy improves the diagnostic performance of 
the 2012 American College of Rheumatol-
ogy classification criteria for Sjögren’s syn-
drome. Rheumatology (Oxford) 2014; 53: 
1604-7.

 97.	 THEANDER E, MANDL T: Primary Sjögren’s 
syndrome: Diagnostic and prognostic value 
of salivary gland ultrasonography using a 
simplified scoring system. Arthritis Care 
Res (Hoboken) 2014; 66: 1102-7.

 98.	 JENSEN SB, VISSINK A: Salivary gland dys-
function and xerostomia in Sjögren’s syn-
drome. Oral Maxillofac Surg Clin North Am 
2014; 26: 35-53.

 99.	 DEJACO C, DE ZORDO T, HEBER D et al.: 
Real-time sonoelastography of salivary 
glands for diagnosis and functional assess-
ment of primary Sjögren’s syndrome. Ultra-
sound Med Biol 2014; 40: 2759-67.

100.	BOOTSMA H, SPIJKERVET FK, KROESE 
FG, VISSINK A: Toward new classification 
criteria for Sjögren’s syndrome? Arthritis 
Rheum 2013; 65: 21-3.

101.	NOAISEH G, BAKER JF, VIVINO FB:           
Comparison of the discontinuation rates and 
side-effect profiles of pilocarpine and ce-
vimeline for xerostomia in primary Sjögren’s 
syndrome. Clin Exp Rheumatol 2014; 32: 
575-7.

102.	GOTTENBERG JE, RAVAUD P, PUECHAL X et 
al.: Effects of hydroxychloroquine on symp-
tomatic improvement in primary Sjögren 

syndrome: The JOQUER randomized clini-
cal trial. JAMA 2014; 312: 249-58.

103.	MIGKOS MP, MARKATSELI TE, ILIOU C, 
VOULGARI PV, DROSOS AA: Effect of hy-
droxychloroquine on the lipid profile of pa-
tients with Sjögren syndrome. J Rheumatol 
2014; 41: 902-8.

104.	SHAHIN AA, El-AGHA S, El-AZKALANY GS: 
The effect of leflunomide on the eye dryness 
in secondary Sjögren’s syndrome associated 
with rheumatoid arthritis and in rheumatoid 
arthritis patients. Clin Rheumatol 2014; 33: 
925-30.

105.	GOTTENBERG JE, CINQUETTI G, LARRO-
CHE C et al.: Efficacy of rituximab in sys-
temic manifestations of primary Sjögren’s 
syndrome: Results in 78 patients of the 
autoimmune and rituximab registry. Ann 
Rheum Dis 2013; 72: 1026-31.

106.	CARUBBI F, ALUNNO A, CIPRIANI P et al.: 
Rituximab in primary Sjögren’s syndrome:  
A ten-year journey. Lupus 2014; 23: 1337-49.

107.	DEVAUCHELLE-PENSEC V, MARIETTE X, 
JOUSSE-JOULIN S et al.: Treatment of pri-
mary Sjögren syndrome with rituximab: 
A randomized trial. Ann Intern Med 2014; 
160: 233-42.

108.	St CLAIR EW, LEVESQUE MC, PRAK ET et 
al.: Rituximab therapy for primary Sjögren’s 
syndrome: An open-label clinical trial and 
mechanistic analysis. Arthritis Rheum 2013; 
65: 1097-106.

109.	DE VITA S, QUARTUCCIO L, SALVIN S et 
al.: Sequential therapy with belimumab fol-
lowed by rituximab in Sjögren’s syndrome 
associated with B-cell lymphoproliferation 
and overexpression of baff: Evidence for 
long-term efficacy. Clin Exp Rheumatol 
2014; 32: 490-4.

110.	MARIETTE X, SEROR R, QUARTUCCIO L 
et al.: Efficacy and safety of belimumab in 
primary Sjögren’s syndrome: Results of the 
beliss open-label phase ii study. Ann Rheum 
Dis 2015; 74: 526-31.

111.	MEINERS PM, VISSINK A, KROESE FG et al.: 
Abatacept treatment reduces disease activ-
ity in early primary Sjögren’s syndrome 
(open-label proof of concept ASAP study). 
Ann Rheum Dis 2014; 73: 1393-6.

112.	TSUBOI H, MATSUMOTO I, HAGIWARA S 
et al.: Efficacy and safety of abatacept for 
patients with Sjögren’s syndrome associ-
ated with rheumatoid arthritis: Rheumatoid 
arthritis with orencia trial toward Sjögren’s 
syndrome endocrinopathy (rose) trial-an 
open-label, one-year, prospective study-
interim analysis of 32 patients for 24 weeks. 
Mod Rheumatol 2015; 25: 187-93.

113.	ADLER S, KORNER M, FORGER F, HUSCHER 
D, CAVERSACCIO MD, VILLIGER PM:     
Evaluation of histologic, serologic, and 
clinical changes in response to abatacept 
treatment of primary Sjögren’s syndrome: 
A pilot study. Arthritis Care Res (Hoboken) 
2013; 65: 1862-8.

114.	QANNETA R, PAPO M, FONTOVA R: Concur-
rent Sjögren’s syndrome in a patient with 
ulcerative colitis during infliximab therapy: 
A rare association. J Crohns Colitis 2013; 7: 
e327-8.

115.	KOMAI T, SHODA H, YAMAGUCHI K et al.: 
Neuromyelitis optica spectrum disorder 

complicated with Sjögren syndrome suc-
cessfully treated with tocilizumab: A case 
report. Mod Rheumatol 2013: 

116.	YAMADA A, ARAKAKI R, KUDO Y, ISHIMA-
RU N: Targeting il-1 in Sjögren’s syndrome. 
Expert Opin Ther Targets 2013; 17: 393-
401.

117.	TIAN G, LI JL, WANG DG, ZHOU D:               
Targeting il-10 in auto-immune diseases. 
Cell Biochem Biophys 2014; 70: 37-49.

118.	LIU SS, DING Y, LOU JQ: Il-17, a potential 
therapeutic target for Sjögren’s syndrome? 
Clin Rheumatol 2014: 

119.	LE DANTEC C, ALONSO R, FALI T et al.:    
Rationale for treating primary Sjögren’s 
syndrome patients with an anti-CD6 mono-
clonal antibody (itolizumab). Immunol Res 
2013; 56: 341-7.

120.	SHAH M, EDMAN MC, JANGA SR et al.:        
A rapamycin-binding protein polymer na-
noparticle shows potent therapeutic activity 
in suppressing autoimmune dacryoadenitis 
in a mouse model of Sjögren’s syndrome.     
J Control Release 2013; 171: 269-79.

121.	MA X, ZOU J, HE L, ZHANG Y: Dry eye man-
agement in a Sjögren’s syndrome mouse 
model by inhibition of p38-MAPK pathway. 
Diagn Pathol 2014; 9: 5.

122.	BALDINI C, Delle SEDIE A, LUCIANO N et 
al.: Vitamin d in “early” primary Sjögren’s 
syndrome: Does it play a role in influencing 
disease phenotypes? Rheumatol Int 2014; 
34: 1159-64.

123.	ARIMOTO A, KITAGAWA K, MITA N, TAKA-
HASHI Y, SHIBUYA E, SASAKI H: Effect of 
rebamipide ophthalmic suspension on signs 
and symptoms of keratoconjunctivitis sicca 
in Sjögren syndrome patients with or with-
out punctal occlusions. Cornea 2014; 33: 
806-11.

124.	DEVECI H, KOBAK S: The efficacy of topical 
0.05% cyclosporine a in patients with dry 
eye disease associated with Sjögren’s syn-
drome. Int Ophthalmol 2014; 34: 1043-8.

125.	BUKHARI AA: Botulinum neurotoxin type a 
versus punctal plug insertion in the manage-
ment of dry eye disease. Oman J Ophthal-
mol 2014; 7: 61-5.

126.	HWANG J, CHUNG SH, JEON S, KWOK SK, 
PARK SH, KIM MS: Comparison of clinical 
efficacies of autologous serum eye drops 
in patients with primary and secondary 
Sjögren syndrome. Cornea 2014; 33: 663-7.

127.	ARAKAKI R, EGUCHI H, YAMADA A et al.: 
Anti-inflammatory effects of rebamipide 
eyedrop administration on ocular lesions in 
a murine model of primary Sjögren’s syn-
drome. PLoS One 2014; 9: e98390.

128.	VIJMASI T, CHEN FY, CHEN YT, GALLUP M, 
McNAMARA N: Topical administration of 
interleukin-1 receptor antagonist as a thera-
py for aqueous-deficient dry eye in autoim-
mune disease. Mol Vis 2013; 19: 1957-65.

129.	CHO YK, HUANG W, KIM GY, LIM BS:     
Comparison of autologous serum eye drops 
with different diluents. Curr Eye Res 2013; 
38: 9-17.

130.	ARAGONA P, RANIA L, ROSZKOWSKA AM 
et al.: Effects of amino acids enriched tears 
substitutes on the cornea of patients with 
dysfunctional tear syndrome. Acta Ophthal-
mol 2013; 91: e437-44.


