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A B S T R A C T

Sjögren's syndrome (SS) is a chronic systemic autoimmune disease, affecting predominantly the exocrine glands,
a large array of systemic manifestations and high risk of lymphoma development. The latter constitutes the
major adverse outcome of SS contributing in the increased morbidity and mortality of the disease. The vast
majority of lymphomas in SS are B-cell non-Hodgkin's lymphomas (NHL), primarily indolent mucosa-associated
lymphoid tissue (MALT) lymphomas, followed by nodal marginal zone lymphomas (NMZL) and diffuse large B
cell lymphomas (DLBCL). In the last 3 decades and due to the adverse impact of NHL in disease outcome, an
effort has been undertaken to identify markers and models predicting patients with SS at high risk for lymphoma
development. Several epidemiological, clinical, laboratory and histological parameters, some of which are
evident at the time of SS diagnosis, were proved to independently predict the development of NHL. These
include salivary gland enlargement, skin vasculitis/purpura, glomerulonephritis, peripheral neuropathy,
Raynaud's phenomenon, lymphadenopathy, splenomegaly, cytopenias, hypocomplementemia, cryoglobuli-
nemia, rheumatoid factor, anti-Ro/La autoantibodies, hypergammaglobulinemia, serum monoclonal gammo-
pathy, biopsy focus score and organization of lymphocytic infiltrates in the salivary glands into ectopic germinal
centers. Prediction models combining some of the afore-mentioned predictors have also been described.
However, the identification of specific and sensitive molecular biomarkers, related to the process of lympho-
magenesis is still pending. Recently, we described a novel biomarker the miR200b-5p micro-RNA. Low levels of
this miRNA in the minor salivary glands, appears to discriminate with high specificity and sensitivity the SS
patients who have from those who do not have NHL. miR200b-5p, being expressed years before the clinical onset
of NHL, independently predicts NHL development with a predictive value higher than the previously published
multifactorial models and has a possible role in the monitoring of therapeutic response. Thus, it is a strong
candidate for the identification and follow-up of patients at risk.

1. Introduction

Primary Sjögren's syndrome (SS) is a chronic autoimmune disorder
affecting mainly middle-aged women. The hallmark of the disease is the
dysfunction of the exocrine glands, mainly of the salivary and lacrimal
glands (affected in more than 90% of the SS patients), leading to tissue
dryness that is expressed as xerostomia and keratoconjunctivitis sicca,
respectively. The clinical phenotype of the SS patients is highly het-
erogeneous, varying from benign, mild exocrinopathy to severe, sys-
temic, disorder with high prevalence (5–10%) of B-cell non-Hodgkin's

lymphoma (NHL) [1,2]. In fact, the risk of lymphoma development in
SS is the highest among other autoimmune diseases [3,4], representing
the major adverse outcome of the disease [5–10]. The observation that
NHL lymphoma appears in an autoimmune background, has been at-
tracted the scientific interest over the past decades. The main questions
were two: 1. which mechanisms operate at the crossroads of auto-
immunity and malignancy and 2. whether there are symptoms, signs
and laboratory items present during the benign course of the auto-
immune disease, that may herald the development of NHL. To this end,
convincing and replicated data demonstrated that patients at high risk
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to develop lymphoma constitute a distinct subgroup that can be early
identified, even at disease diagnosis. This group of patients display
certain clinical, laboratory and histological features, including severe
disease, as attested by the presence of systemic manifestations mediated
by the deposition of immune complexes, suggestive of vasculitic in-
volvement, aberrant B cell activation, as indicated by the expression of
plethora of autoantibodies, as well as massive lymphocytic infiltration
in the salivary glands [11–13]. Multivariate analyses of the risk factors
identified several independent predictive parameters (mostly clinical
and laboratory) [11–13], whereas attempts to create prediction models
have also been performed. However, both the predictive factors and
models vary, depending mainly, on the type of study and the clinical
features of patient cohorts. The readout of this effort was the identifi-
cation of common predictive factors [13]. However, their predictive
value is hampered by the fact that they are rather common clinical or
laboratory features with low specificity for lymphoma development in
SS. Thus, in recent years and with the introduction of B-cell targeted
therapies in SS, the focus of research in SS-associated lymphomas has
been directed on the identification of novel specific biomarkers, which
serving alone or in combination with the previously recognized pre-
dictive clinical and laboratory factors will facilitate the early and pre-
cise diagnosis of the SS patients who will develop lymphoma and pos-
sibly their follow-up and therapeutic monitoring. In this review, we
present a comprehensive analysis of the adverse predictive factors and
the prediction models for the development of lymphoma in SS, with an
emphasis on a novel molecular biomarker, namely the micro-RNA
miR200b-5p, and its predictive value compared to other classical pre-
dictive factors and models.

2. Features of SS-associated lymphomas

The lymphomas associated with SS are mainly of B cell origin
[11–13], whilst T cell lymphomas have been sparsely reported [14–23].
The vast majority of B cell NHLs in SS are indolent marginal zone B cell
lymphomas (MZBCL), followed by high grade diffuse large B cell lym-
phomas (DLBCL) in 10–20% of patients [2,6,11–13,21,24–30]. On the
other hand, DLBCLs (58%) have been reported to predominate in a
study of the Swedish SS population that included 11 B cell lymphomas
[31]. The MZBCLs arise from memory B cells in the marginal zone of
lymphoid tissue and include three subtypes, the extranodal marginal
zone or mucosa-associated lymphoid tissue (MALT) lymphomas, the
nodal and the splenic marginal zone lymphomas. MALT is the most
common type of lymphoma in SS, comprising approximately 60–65% of
the SS-associated lymphomas [2,6,11–13,21,24–29]. The major sites
affected in SS-associated MALT lymphomas are the parotid and minor
salivary glands, whereas other organs involved are the lungs, stomach,
skin, liver, kidney, bone marrow, lacrimal glands, thyroid gland, larynx
and thymus. Quite often, in approximately 25% of patients, MALT is
presented as a multifocal disease, whereas disease stage is rather lim-
ited in diagnosis. Thus, in more than half of patients with SS-associated
MALT lymphomas staging, according to Ann Arbor [32] is limited to
stages I and II and only 35% of patients present with the advanced IV
stage. On the contrary, the SS patients with DLBCLs present at diagnosis
with advanced III and IV stages being the major contributor for the
decreased survival of SS patients with NHL [24]. Nodal marginal zone
lymphomas (NMZL) are also rather common in SS (around 15%),
whereas other types of lymphomas, such as lymphoplasmacytic and
follicular, are rare [2,6,11–13,21,24–29].

In general, the SS patients at high risk to develop NHL or with overt
NHL are differentiated from the low risk patients, since they present
high disease activity, as assessed by the EULAR Sjögren's syndrome
Disease Activity Index (ESSDAI) and manifestations indicative of se-
vere, systemic disease. Thus, SS-associated NHLs have been associated
with salivary gland enlargement, skin vasculitis and/or palpable pur-
pura, splenomegaly, lymphadenopathy, peripheral neuropathy, glo-
merulonephritis and hematologic manifestations, including anemia,

neutropenia and/or thrombocytopenia. Additionally, they display
aberrant B cell hyperactivity, as indicated by the expression of plethora
of autoantibodies, including rheumatoid factor, antibodies against Ro/
La ribonucleoproteins and cryoglobulins, as well as the high prevalence
of hypergammaglobulinemia, monoclonality in serum and hypocom-
plementemia [2,6,10–13,21,24–29].

SS has a quite benign prognosis, whereas its reduced survival rates
are mainly attributed to the development of NHLs [5–10]. Indeed, the
survival of SS patients without lymphoma is similar to general popu-
lation [29], whereas the 5-year overall (OS) and event-free survival
(EFS) rates of the SS patients with NHLs have been reported to be 92%
and 57%, respectively [24,29]. Among the patients with SS-associated
lymphomas, those with MALT have the most favorable prognosis
compared to NMZLs and DLBCLs and DLBCLs the worst. Thus, a 5-year
OS of 94% has been described for MALT lymphoma, 87.5% for NMZL
and 75% for DLBCL, whereas the respective EFS rates were 86%, 62.5%
and 50%. Despite the unfavorable outcome of the DLBCLs associated
with SS, this is similar to the observed in the general population [24].
Except the subtype of NHL, the outcome of lymphoma in SS seems to
depend on the disease activity score (ESSDAI) [33] and the interna-
tional prognostic index (IPI) [34] at the time of lymphoma diagnosis
[8,24]. Thus, SS patients with NHL and ESSDAI score ≥10 or IPI ≥3 at
lymphoma diagnosis have a higher risk to experience an adverse event
or die compared to those with low ESSDAI or IPI [24]. A “wait and
watch” policy is recommended for SS patients with MALT lymphoma
without dissemination on other hematological sites, whereas rituximab
plus chemotherapy can be used in MALT lymphoma patients with dis-
seminated disease. Rituximab plus CHOP (cyclophosphamide, doxor-
ubicin, vincristine, prednisone) is the treatment of choice for SS pa-
tients with DLBCLs [24,29].

3. Predictive markers of lymphoma development in SS

During the last decades, a significant number of clinical markers
that associate or predict lymphoma development in SS patients has
been identified. Some of them are evident since SS disease onset and
have been proved strong predictors of SS-associated NHLs in a variety
of studies, whereas their value as independent predictor factors has
been confirmed by multivariate statistical analyses. Roughly, the fac-
tors predicting the development of NHL in SS can be categorized to
epidemiological, clinical, laboratory (serological/hematological) and
histological markers (Table 1) and will be described thereafter.

3.1. Epidemiological markers

Although age and sex have not been proved independent predictors
of lymphoma development in SS, recent data indicate that may be
implicated. Patients with disease onset at the age less than 35 years-old
have been reported to suffer from a more severe systemic disease
[35–39] and have higher incidence of lymphomas [40], compared to SS
patients with disease onset at the middle-age. In addition, males seem
to suffer from a more severe disease than women, with higher fre-
quency and risk (3.44-fold) of lymphoma, whereas the latter is diag-
nosed earlier in life compared to women [30,41–47].

3.2. Clinical predictors

Recurrent episodes of unilateral or bilateral salivary gland en-
largement is one of the first and strongest predictive markers described,
whereas the majority of the studies performing multivariate analyses
validated its utility as a strong independent predictive marker of lym-
phoma development in SS [1,6,9,21,31,46,48–56]. Systemic clinical
manifestations indicative of B cell hyperactivity and/or mediated by
immunocomplexes have been implicated in lymphoma development.
Thus, vasculitic involvement as indicated by palpable purpura and/or
skin ulcers is a commonly reported independent adverse risk factor for
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NHL development in SS [5,6,13,31,50,52,55–57], whereas peripheral
neuropathy and glomerulonephritis have been associated and seem to
precede lymphoma [2,5,6,46]. Furthermore, Raynaud's phenomenon
has also been described to independently predict NHL development in
SS [51]. In addition, hematological features associated with aberrant
lymphocytic activation, such as lymphadenopathy and splenomegaly,
have also been proposed as strong independent predictors of lymphoma
in SS [26,46,51,58]. Finally, high disease activity as assessed by ESSDAI
score has been reported to independently predict lymphoma in SS pa-
tients [21,24,30,52], adverse outcome of MALT lymphoma, as well as
of patients (death or event) [24,59].

3.3. Laboratory markers

These include both serological markers, such as complement com-
ponents, autoantibodies and cytokines, and hematological features.
Most of the serological predictors of NHL development in SS reflect the
aberrant chronic activation of B cells in this patient subgroup, since
they are either directly produced by activated B cells and/or play sig-
nificant role in immune responses, e.g. autoantibodies and complement
consumption, or are critical for B cell survival, activation and differ-
entiation, e.g. cytokines.

3.3.1. Serological markers
Quite early studies, confirmed by future multivariate analyses and

prediction models, supported the key predictive role of hypocomple-
mentemia, particularly low serum C4 [5–8,21,26,29,30,50,51,53,
54,56], and to a lesser degree C3 levels [9,30,31,54,56], in SS-asso-
ciated NHLs. Notably, hypocomplementemia has been related to earlier
development of NHL and higher mortality [6,56]. Except hypocom-
plementemia, cryoglobulinemia is another strong predictor of NHL
development in SS patients [5,13,21,26,29,30,46,48,52,53,60]. Type II
mixed monoclonal cryoglobulinemia with IgMκ monoclonal component
bearing rheumatoid factor activity is usually observed in SS patients
(20%) and correlates with the infiltration of the minor salivary glands
by kappa-positive plasmacytes [60–62]. Of interest, hypocomple-
mentemia and cryoglobulinemia, along with parotid involvement and
vasculitis, have been described to be adverse prognostic factors for
reduced survival of SS patients [9].

Although there is a dispute about the predicting value of auto-
antibodies for the development of NHL in SS, there are recent studies
identifying anti-Ro/La antibodies and rheumatoid factor as in-
dependent predictors of lymphoma. Thus, SS patients expressing anti-
Ro/La autoantibodies have significantly less lymphoproliferative man-
ifestations and risk to develop lymphoma than the negative ones [63],
whereas the prevalence of anti-Ro/La autoantibodies is significantly
higher in SS patients with associated NHLs [63]. Furthermore, anti-Ro/
La autoantibodies have been recognized as an independent predictive
factor alone [51] or along with parotid gland enlargement [53]. In
accordance, rheumatoid factor has been proved an independent

predictor of lymphoma in SS in two studies including a large number of
SS patients with associated NHLs [21,51].

Although diffuse hypergammaglobulinemia is a common finding
reflecting the B cell hyperactivity in SS, it has been reported to be
elevated in SS patients who will develop lymphoma and has been also
identified as an independent predictor [31,52,53,56]. Moreover, serum
monoclonal gammopathy seems to associate with SS-associated NHLs
and their prediction [51,64]. Other B cell activation markers that have
been associated with NHL in SS are serum-free light chains of im-
munoglobulins and beta-2 microglobulin, although their utility in
lymphoma prediction has not been proved [65].

The levels of serum expression of various cytokines and receptors
implicated in B cell activation, survival and differentiation, as well as
components and/or resultant products of chronic immune responses,
have been associated with SS-associated NHL; however, their predictive
value for lymphoma development remains to be validated. These in-
clude lower levels of vitamin D and higher levels of B-cell activating
factor (BAFF), Fms‐like tyrosine kinase 3 ligand (Flt-3), CXCL13, the
inflammasome-related molecules IL-18, ASC and cell-free DNA, as well
as higher activity of lipoprotein-associated phospholipase A2 (Lp-PLA2)
in the sera of SS patients with NHLs compared to those without
[66–72]. Recently, a novel promising biomarker predicting the devel-
opment of severe MALT lymphomas in SS patients has been presented
and involves the serum levels of thymic stromal lymphopoietin (TSLP)
[73].

3.3.2. Hematological markers
The most commonly reported hematologic predictors of NHL de-

velopment in SS are various leukopenias. In a study of Swedish SS
population with predominant NHL subtype the DLBCLs, CD4+ T lym-
phocytopenia and low CD4+/CD8+ T cell ratio (≤0.8) were strong
predictors of lymphoproliferative disease [31]. In addition, lympho-
penia [21,26,29,56], leukopenia [53] and neutropenia [26] have been
identified as independent predictors of lymphoma. Although anemia
has been reported to predict NHL development in SS, it has not been
proved to be an independent predictive factor [56], whereas in another
study has been reported as a predictor of non-MALT B-cell lymphomas
[30].

Finally, several of the aforementioned laboratory factors have not
only been implicated in the prediction of NHL development in SS, but
also in the prediction of the NHL subtype. Thus, cryoglobulinemia,
neutropenia, low C4 levels, lymphadenopathy and splenomegaly have
been shown to independently predict the development of MZBCLs,
whereas lymphocytopenia may predict DLBCLs [26]. In addition, it has
been reported that SS patients with cytopenias, monoclonal gammo-
pathy and low C4 levels are at high risk to develop non-MALT B-cell
lymphoma, whereas those with low C3 levels may predict MALT lym-
phomas [30].

Table-1
Epidemiological, clinical, laboratory and histological predictors of NHL development in SS patients.

Epidemiological Clinical Laboratory Histological (minor salivary glands)

Serological Hematological

Age Salivary gland enlargement C4 and/or C3 hypocomplementemia CD4+-lymphopenia Biopsy focus score
Male gender Skin Vasculitis/Purpura Cryoglobulinemia Low CD4+/CD8+ T cell ratio Ectopic germinal centers

Glomerulonephritis Rheumatoid factor Lymphopenia Low miR200b-5p levels
Peripheral neuropathy Anti-Ro/La autoantibodies Leukopenia
Raynaud's phenomenon Hypergammaglobulinemia Neutropenia
Lymphadenopathy Serum monoclonal gammopathy
Splenomegaly
ESSDAI

NHL: non-Hodgkin's lymphoma.
ESSDAI: EULAR SS disease activity index.
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3.4. Histological markers

It is rather well established that the local immune responses in the
salivary glands may dictate the systemic manifestations of SS, including
the development of lymphoma. Several decades ago, it became evident
that severe lymphocytic infiltration of the salivary glands of SS patients
associates with the expression of several extraglandular manifestations
and severe systemic disease [74,75]. Furthermore, lymphomagenesis in
SS is considered as the result of chronic, aberrant B cell stimulation that
mainly takes place in the inflamed salivary glands [11,12]. These initial
studies were followed by a more detailed investigation, aiming to find
associations between histological parameters and lymphomagenesis.
These studies disclosed that the degree of salivary gland infiltration as
this depicted by the biopsy focus score [51,76] and the organization of
lymphocytic infiltrates to ectopic germinal centers [46,77,78] can serve
as predictors of lymphoproliferative disease in SS. Furthermore, lym-
phoma has been correlated with increased infiltration of salivary glands
by macrophages, evident at diagnosis [79,80], as well as IFNγ/IFNα
mRNA ratio [81], which possibly reflects the predominance of type-II
interferons in heavy infiltrates of salivary glands [82,83].

4. Models predicting lymphoma development in SS

The effort for the identification of the SS patients who will develop
lymphoma was not restricted by the discovery of predictors. The later
were combined to facilitate a sensitive and specific identification of SS
patients at risk, resulting in the development of four distinct multi-
factorial predictive models (Table 2). More analytically, Ioannidis et al.
[6] defined as high risk, the SS patients that present at least one of the
following risk factors: parotid enlargement, palpable purpura and low
C4 levels. Baimpa et al. [26] defined five risk factors, namely neu-
tropenia, cryoglobulinemia, splenomegaly, lymphadenopathy and low
C4 levels. The statistical analysis revealed that the proportion of the SS
patients who developed lymphoma by the number of risk factors was
3.62%, 11.96%, 34.78%, 80% and 100% for patients with 0, 1, 2, 3 and
4 risk factors, respectively (the study did not include any patient with
all 5 risk factors). Thus, the patients can be roughly categorized in those
expressing at least 1, at least 2 or ≥3 of the five independent risk
factors (model 1, 2 and 3, respectively). Quartuccio et al. [53] defined
the group of SS patients at high-risk to develop lymphoproliferative
disease as those who suffer persistent glandular swelling and express at
least two of the following: low C4 levels, cryoglobulinemia, anti-La

antibodies and leukopenia. Finally, Fragkioudaki et al. identified seven
independent predicting factors, including salivary gland enlargement,
lymphadenopathy, Raynaud phenomenon, anti-Ro/SSA and/or anti-La/
SSB antibodies, rheumatoid factor positivity, monoclonal gammopathy
and C4 hypocomplementemia. Patients carrying two or less risk factors
had 3.8% probability to develop lymphoma, those with 3–6 factors
39.9% and patients fulfilling all seven predictors will all develop lym-
phoma. Thus, according to this model the high-risk group can be de-
fined as the patients expressing three or more risk factors.

The generation of a universal prediction model is up-to-date ham-
pered by the low incidence of the disease and the even lower prevalence
of NHLs in SS, the heterogeneity of the cohorts studied and the clinical
data recorded, the lack of multicentered studies of predicting factors
specific for the disease. Novel analytical approaches based on machine
learning and big data analysis is anticipated to overcome these ob-
stacles and permit the harmonization of patients and development of
universal algorithms for their classification and follow up. This is the
aim of HarmonicSS project, a European-funded multicentric protocol
(H2020-SC1-2016; grant agreement no: 731944). Furthermore, studies
are focused in the identification of novel specific predictive biomarkers
that will facilitate the early and specific identification of the SS patients
who will develop lymphoproliferative disease and possibly their follow
up and response to treatment. In this context, we recently presented a
novel molecular biomarker that covers most of these aspects and in-
volves the low expression of the micro-RNA (miRNA) miR200b-5p in
the minor salivary glands of SS patients who will develop or have NHL
[52].

Low levels of miR200b-5p in the minor salivary glands of SS pa-
tients: a novel strong molecular biomarker for lymphoma development.

Although the role and function of miR200b-5p miRNAs has not been
studied, it is considered to act synergistically with miR200b-3p in the
regulation of epithelial-to-mesenchymal transition and as such it has
been implicated in the oncogenesis of solid tumors [84–90]. The levels
of miR200b-5p expression in the minor salivary glands were sig-
nificantly downregulated in the SS patients who will develop or have
overt NHL compared to low-risk patients. This reduced expression was
evident years before clinical lymphoma onset and did not change over
lymphoma transformation. Furthermore, they were found to strongly
discriminate the SS patients who have NHL versus those who do not, as
well as those who will develop NHL versus those who will not. More
importantly, miR200b-5p levels predicted the development of lym-
phoma independently from other known predicting factors. In fact,
multivariate analysis revealed that miR200b-5p levels were in-
dependent predictors of NHL development in SS along with high
ESSDAI, salivary gland enlargement, purpura, vasculitis, splenomegaly,
cryoglobulinemia and hypergammaglobulinemia [52]. The comparison
of its predictive utility over that of the previously published multi-
factorial models revealed its superiority in predicting NHL development
in SS (Table 3) [91], strengthening its value as a predictive marker.
Furthermore, preliminary data indicate that it might have a role in the
monitoring of the therapeutic response since it remained stable in pa-
tients that did not respond to treatment, increased in those that suc-
ceeded complete remission and was reduced in those that relapsed [52].
All these features make miR200b-5p a promising candidate for the
identification and follow-up of the SS patients who will develop NHL
and its utility remains to be validated in large-scale, multicentric stu-
dies.

5. Future perspectives

The findings of the last decades and the progress in the identifica-
tion of specific biomarkers support that the early and specific prediction
of lymphoma development in SS is a feasible goal. Future perspectives
involve the development of precision medicine approaches for both the
identification and the treatment of SS patients with associated NHLs.
However, to achieve this, there are some prerequisites: a) efficient and

Table-2
Models predicting lymphoma development in SS.

Model Risk Factors Criteria Reference

Ioannidis et al. Salivary gland enlargement
C4 hypocomplementemia
Palpable purpura

≥1 [6]

Baimpa et al.,
model 1

C4 hypocomplementemia
Cryoglobulinemia
Neutropenia
Splenomegaly
Lymphadenopathy

1

Baimpa et al.,
model 2

2 [26]

Baimpa et al.,
model 3

≥3

Quartuccio et al. Salivary gland enlargement
C4 hypocomplementemia
Cryoglobulinemia anti-La
autoantibodies
Leukopenia

Salivary gland
enlargement
+
≥2

[53]

Fragkioudaki
et al.

Salivary gland enlargement
C4 hypocomplementemia
Lymphadenopathy
Raynaud phenomenon, anti-
Ro and/or anti-La
Rheumatoid factor
Monoclonal gammopathy

≥3 [51]
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early stratification of SS patients based on both clinical and molecular
features, which requires multicentric, large-scale cohort studies, as
mentioned afore, and b) in-depth understanding of the pathogenetic
mechanisms underlying the distinct clinical phenotypes of the disease
and especially those associated with lymphomagenesis. This will permit
both the development of targeted therapies and their educated use in
the appropriate subgroup of SS patients.
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