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ARTICLE INFO ABSTRACT

Objectives: Sjogren’s syndrome (SS), a chronic autoimmune disorder, particularly compromises the
function of exocrine glands. Its association with lymphoma is well documented. Our aim was to
systematically review the molecular, clinical, histopathologic, and therapeutic aspects of these SS-related
malignant lymphoproliferations.

Methods: The literature was searched for original articles published between 1968 and 2012 focusing on
the risk factors for lymphoma development in Sjégren’s syndrome using MEDLINE and PubMed. The
search terms we used were “Sjogren’s syndrome,” “lymphoma,” and “risk factors.” All papers identified
were English-language, full-text papers.

Results: A low-grade marginal-zone lymphoma related to mucosa-associated lymphoid tissue is the
commonest lymphoid neoplasia in SS. The majority of SS-associated lymphomas are characterized by
localized stage, indolent clinical course, and recurrence in other extranodal sites. Although the transition
from a chronic inflammatory condition to malignant lymphoma is a multistep process that is yet poorly
understood, there is increasing evidence that chronic antigenic stimulation by an exoantigen or
autoantigens plays an essential role in the development of SS-associated lymphoproliferation.
Conclusions: This review discusses the pathogenetic aspects of lymphomagenesis in SS. Recent advances
in the treatment of lymphoma in SS are also stated.
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Introduction

Sjogren’s syndrome (SS) is defined as a chronic, indolent,
autoimmune disease, characterized by lymphocytic infiltration of
the exocrine glands leading to their gradual destruction and
resulting in dry mouth and dry eyes [1]. The syndrome may
develop as an autonomous entity, in which case it is characterized
as primary, or may coexist with other autoimmune diseases, such
as rheumatoid arthritis (RA), systemic lupus erythematosus (SLE),
or scleroderma (secondary). The incidence of non-Hodgkin's
lymphoma (NHL) is higher in SS than in other autoimmune
diseases [2,3] rendering this research model more than ideal in
investigating the relationship between autoimmunity and lym-
phomagenesis. More specifically, according to a meta-analysis of
20 studies with different autoimmune diseases, aiming to evaluate
the risk of lymphoma development, SS correlates with high risk for
lymphoma development with a standardized incidence rate (SIR)
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of 18.8% compared to moderate risk for SLE (SIR 7.5%) and low risk
for RA (SIR 3.3%) [3]. Following this meta-analysis, another
population-based case-control study in Denmark and Sweden,
mapping autoimmunity disorders in 3055 NHL patients, concluded
that risk for all NHL were increased in association with SS (odds
ratio; OD 6.1) compared to other autoimmune diseases such as
SLE (OD 4.6), RA (OD 1.5), and celiac disease (OD 2.1) [2]. It is
believed that chronic antigenic stimulation, observed since the
early stages of SS, triggers the mechanism of polyclonal B-cell
activation. This, in turn, is responsible for the production of
B-lymphocyte clones capable of inducing neoplasia [4]. In this
regard, the risk of B-cell NHL in SS is associated with many
parameters such as chronic hypocomplementemia, mixed mono-
clonal cryoglobulinemia, lymphocytopenia, palpable purpura,
swollen salivary glands, lymphadenopathy, splenomegaly, and
peripheral neuropathy [5,6].

B-lymphocytes dysregulation in Sjogren’s syndrome

In normal B-cell differentiation after emigrating from the bone
marrow (BM) to secondary lymphoid organs (SLOs), B-lymphocytes
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give rise to transitional B-cells. These B-cells potentially mature into
three B-cell subsets: CD5+ marker naive B-cells, conventional naive
B2 cells (transitional type Il B-cells), and marginal zone (MZ) cells
that contain mutated immunoglobulin variable (IgV) genes probably
acquired in a T-cell-independent manner. Naive B-cells encounter
antigens and produce high-affinity antibodies in critical SLO sites
such as the spleen and lymph nodes [7]. Stimulation by antigens
and the regulation by the B-lymphocyte activator of the TNF-family
(BAFF) result in a proportion of transitional type II naive B-cells
migrating to the border between the T-zones and follicles (T:B
border) in SLOs. During this process, autoreactive transitional type II
B-cells encountering self-antigens undergo negative selection
through apoptosis (peripheral check point) [8]. As a consequence,
a restricted number of B-cells normally colonize each follicle and
evolve as B blasts to fill the follicle. This process leads to the
formation of germinal centers (GCs) within SLOs, observed as
anatomically distinct dark and light zones on histologic sections.
The dark zone comprises highly proliferating centroblasts and the
light zone non-dividing centrocytes. The activation-induced cyti-
dine deaminase (AICDA) that is responsible for somatic hyper-
mutation (SHM) is triggered by centroblasts. This process is
characterized by the introduction of single point mutations in hot
spots within the IgV genes, which encode for the antigen-binding
region of the antibody, providing affinity maturation of B-cell
antigen receptor (BCR). Centrocytes bearing high-affinity BCR have
the capacity to bind the antigen, which is presented by follicular
dendritic cells (DCs). In association with help signals derived from T
helper cells, this enables them to escape apoptosis and survive.
Centrocytes also undergo class switch recombination (CSR), which
affects the constant Ig region responsible for the effector capacity of
the antibody. Selected centrocytes may further differentiate into
memory B-cells or plasmablasts expressing mutated Ig with
increased affinity for the immunizing antigen. The marginal zone
(MZ) is located around the follicular mantle at the periphery of the
splenic white pulp, as well as the periphery of lymphoid follicles.
MZs accommodate B-cell populations of varied maturation stages;
although functionally heterogeneous, these populations share the
capacity for plasma cell differentiation, homing to certain tissue
compartments, such as the Waldeyer’s ring, Peyer’s patches, and
appendix, or other extranodal sites affected by chronic inflamma-
tion (MZ equivalents) [9]. Progression of transitional type II B-cells
towards MZ or GCs may be determined by the quality of BCR-
evoked signals and the subsequent expression of the Notch protein
[10]. Human MZ B-cells of both spleen and Peyer’s patches harbor
mutated IgV genes and recirculate [11]. Human IgM~+ CD27+ MZ
B-cells, when compared to [gM+ CD27- naive B-cells, appear to be
selected against self-reactive BCRs [12]. This indicates that transi-
tional type II naive B-cells with self-reacting BCRs are efficiently
excluded from the MZ B-cell pool before the onset of SHM (another
peripheral check point).

In comparison to normal B-cell differentiation, two main auto-
immune phenomena are observed in SS: (a) exocrine gland
infiltration by populations of B- and T-lymphocytes and (Fig. 1)
(b) excessive stimulation of B-lymphocytes, which not only secrete
circulating autoantibodies against non-organ-specific autoanti-
gens, such as the extractable nuclear and cytoplasmic antigens
Ro(SSA) and La(SSB), but are also characterized by significant
expansion of several (oligoclonal) or one (monoclonal) lymphocyte
clones. In certain cases, this phenomenon is characterized by the
presence of circulating monoclonal Ig light-chains and cryopreci-
pitating monoclonal rheumatoid factor (RF)-like immunoglobulins
[13,14].

These particular B-lymphocytic infiltrates of the salivary
glands are not only a morphological phenomenon. In the course
of the disease they are associated with the formation of GCs,
considered by many to be the first stage of development of NHL.

Fig. 1. Histopathological lesion in minor salivary glands of a patient with SS. The
hallmark of SS is periductal lymphocyte infiltration of the salivary glands. In mild
lesions, activated T-cells predominate, whereas B-cells prevail in severe histologic
lesions [76].

There is evidence that the disorganized salivary epithelial cell in
SS plays an active role in both induction of salivary gland
inflammation and lymphoid-tissue neoformation. Through apop-
tosis and formation of membrane-bound exosomes, salivary
epithelium presents intracellular autoantigens such as Ro and
La ribonucleoproteins, a process that prompts the breakdown of
immune tolerance [15]. Epithelial cells have the capacity to
function as antigen-presenting cells. For example, they express
CD40 co-stimulatory and adhesion molecules and produce lym-
phoid chemokines, cytokines, and B-cell activating factors, all of
which may induce recruitment of DCs, T-cells, and B-cells in the
inflamed glands and the formation of ectopic lymphoid struc-
tures [15,16]. In this regard, the local environment promotes
lymphoid organization by aberrant production of autoantigens
and cytokines.

Ectopic formation of GCs in SS represents a complex process
regulated by an array of cytokines, adhesion molecules, and
chemokines. Several studies emphasize the importance of ectopic
GC formation, concluding that this is a sine qua non of lymphoma
development [17,18]. Consistent with that, a recent study sug-
gests that the presence of GCs in SS is highly predictive marker
for lymphoma development [18]. Interestingly, among SS
patients, AICDA has been found to be invariably expressed within
the follicular dendritic cell (FDC) network in the salivary glands
[19]. This is highly significant since AICDA initiates both SHM and
CSR [19]. Surprisingly, these GCs contain certain B-cells lacking
the hallmark membrane markers for centroblasts and centrocytes
(i.e., CD10 and CD38). Furthermore, there is no mantle zone in
these GCs, suggesting that proliferating B-cells do not expand as
within typical follicles, as occurs in SLOs. In these GC-like
structures of salivary glands, B-cells harbor the CD20+, CD21++,
CD23++, IgM++, and IgD++ profile, which is closer to that of
transitional type Il B-cells and marginal zone-like (MZ-like) B-
cells. Therefore, we can conclude that while typical GCs are
somewhat rarely found in salivary glands, these ectopic GC-like
structures appear to correspond to the MZ-like equivalents
[17,20,21]. It is yet unknown whether the T follicular helper
(Tfh) cells that have been identified in the pathogenic lesion of SS
are actually involved in the formation of GCs within the salivary
glands.

Additional properties differentiating ectopic GC-like structures
to normal GC include architectural and functional characteristics.
Unlike common GCs, ectopic GCs in SS patients are not supplied by
afferent lymph vessels nor are they encapsulated, which implies
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their direct exposure to signals from the inflamed salivary gland
environment, such as stimulating antigens and cytokines [22]. This
incomplete development of ectopic GCs could incite the unre-
stricted access of DCs, lymphocytes, and macromolecules favoring
abnormal B- and/or T-cell activation. Furthermore, while autor-
eactive cells in normal GCs undergo apoptosis before entering the
follicle (peripheral check point), the same does not apply in the
case of ectopic GCs or MZ equivalent in the salivary glands of SS
patients, owing to deregulation of peripheral immune tolerance.
Thus ectopic GCs and MZ in the salivary glands of SS patients
harbor autoreactive cells [21]. AICDA expression has been reported
to present in lymphoid MZ equivalents of salivary glands in SS
patients in the absence of FDCs and B-T compartmentalization,
the outcome of which leads to the abnormal activation of the
molecular machinery that sustains in situ IgV repertoire diversifi-
cation, isotype switching, B-cell differentiation, and oligoclonal
expansion [19].

SS is characterized by the occurrence of high-affinity, class-
switched autoantibodies, the presence of which represents a
severe breakdown in B-cell tolerance [23]. Using the 9G4 anti-
idiotypic mAb, which recognizes V4.34-encoded autoantibodies
with autoreactivity against N-acetyllactosamine (NAL) determi-
nants, it has been found that autoreactive B-cells bearing this
idiotype are preserved in real GCs and MZ equivalents in salivary
glands of patients with SS [21]. These findings indicate that the
tolerance check points that prohibit autoreactive B-cells from
entering GCs or MZ could be defective in SS. Consequently, the
microenvironment of ectopic lymphoid structures in SS represents
a niche where autoreactive B-cells are abnormally activated and
expanded via a T-cell dependent pathway in the presence of
increased autoantigen expression [24,25].

The early accumulation of plasmacytoid dendritic cells (pDCs)
in the target tissues, which produce high levels of type I interfer-
ons (IFNs), seems to be important for relaxation of the peripheral
check point mechanism against autoreactivity during the transi-
tion from the new emigrant to mature naive B-cells. In the
presence of autoantibodies, pDCs can internalize RNA-containing
autoantigen complexes from necrotic or apoptotic cells (via their
Fc receptors) with subsequent stimulation of their Toll-like recep-
tors (TLRs) in the endosomes. In turn, TLR ligation drives the
production of IFN o, leading to the alteration of T-cell profiles,
disruption of regulatory T-cell networks, alteration of B-cell
development, and boosting of adaptive immunity [26]. When
treated with IFN «, DCs mature, become more prone to activate
T-cells and produce high levels of BAFF [27]. Additionally, BAFF can
be also produced directly by salivary gland epithelium under the
action of IFN « [28] as well as by B-cells themselves in an autocrine
pattern of self-stimulation [29]. Thus, large quantities of BAFF can
be produced in the SS lesion.

BAFF has a key role in SS-related B-cell deregulation, as it
constitutes an essential factor of B-cell activation and proliferation.
Under normal conditions, BAFF acts as a rheostat for B-cell
selection such that increased competition among auto- and allo-
reactive B-cells for BAFF results in effective elimination of autor-
eactive B-cells [30]. Conversely, decreased competition for BAFF in
the context of increased levels of circulating BAFF results in
relaxation of BAFF selection and as a result the evasion of
autoreactive naive B-cells. Therefore, when BAFF is overexpressed,
autoreactive B-cells survive and colonize follicles and MZ in
extranodal sites [30]. BAFF actually, has been found to be increased
in salivary glands of SS patients and these increased levels of BAFF,
engaging the numerous receptors on salivary B-cells, have been
implicated for the failure of the peripheral check point mechanism
against autoreactivity and subsequent emergence of autoreactive
B-cells in the GCs and MZ equivalents [31]. It should also be noted
that the BAFF transgenic model of SS shares interesting features

with human disease such as B-cell hyperactivity, increased auto-
antibody production, and salivary gland B-cell infiltrations with
MZ B-cell phenotype [20,32,33]. Moreover, as in SS patients, BAFF
transgenic mice also develop MZ B-cell lymphomas. Therefore,
BAFF contributes not only to the development of autoimmune
manifestations but may also be involved in B-cell malignancies
observed in SS [20].

From a polyclonal process to lymphoma development

Transition from benign lymphoepithelial sialoadenitis (LESA) to
NHL is thought to be a multi-stage and long-term process. Chronic
antigenic stimulation plays a major role, both in the selection and
expansion of B-cell clones, triggering the emergence of monoclon-
ality which, combined with subsequent genetic disorders (i.e.,
chromosomal rearrangements, tumor-suppressing gene inactiva-
tion, and gene mutations leading to the dominance of the
lymphocyte clone), results in neoplasia [14]. More specifically,
increasing evidence suggests that mucosa-associated lymphoid
tissue (MALT) lymphomas are related to chronic immune stim-
ulation driven by bacterial, viral, or autoimmune stimuli. In the
stomach, this has been linked to chronic gastritis in the presence
of Helicobacter pylori infection [34]. Most patients ( > 90%) with
gastric MALT lymphoma are H. pylori positive. Cutaneous MALT
lymphoma has been linked with Borrelia burgdorferi and Borrelia
afzelii infection, the spirochetes responsible for Lyme disease in
North America and Europe, respectively [35]. In the eyes, more
than 80% of the cases of ocular adnexal lymphomas are related
with Chlamydia psittaci infection [36]. Similarly, immunoprolifer-
ative small intestine disease (IPSID; also known as a-chain disease)
is nowadays considered an extranodal MZ lymphoma associated
with Campylobacter jejuni infection [37]. A major role of Hepatitis C
(HCV) viral infection in pathogenesis of gastric MALT lymphomas
has also been hypothesized [38]. Finally, similar chronic antigenic
stimulation can be seen in autoimmune disorders, such as SS,
relapsing polychondritis, and Hashimoto’s thyroiditis, with or
without coexisting infections [39,40]. It is unknown yet if an
underlying infection actually triggers the lymphoma hyperplasia
in these disorders.

Quite a number of patients with SS in the initial stage of the
disease are characterized by the presence of monoclonal Igs and
light-chains in the serum and urine, as well as by mixed mono-
clonal cryoglobulinemia (MMC) [41]. This suggests that in these
patients, apart from polyclonal B-cell activation, there is also the
presence of specific B-lymphocyte clones. We know today, through
polymerase chain reaction (PCR), that in patients with SS it is
possible to detect (at a rate > 50%) B-cell clonality in the salivary
glands [42,43]. However, it should also be stressed that in
individual patients, different B-cell clones may dominate at differ-
ent time-points and in different tissues. This means that B-cell
clonality is independent of lymphoma diagnosis.

Antigen selection of specific B-cells for transformation was
suggested by a previous study on salivary gland mucosa-
associated lymphoid tissue (MALT) lymphomas, in which three of
five cases used the 51p1 VH and HumKv 325 VL genes that
encodes the G6 and 17.109 idiotypes, respectively [44]. This implies
that the clonal expansion in the salivary glands may arise from
B-cells bearing Igs of a specific cross-reactive idiotype. Further-
more, in the analysis of the IgVH gene of 11 distinct LESA-
associated clones from sequential biopsies of different patients,
eight were found to be derived from a V1-69 VH gene segment,
whereas the remaining three originated from a V3-7 VH gene
segment. The marked VH gene restriction, along with similar
amino acid sequence motifs in the complementarity-determining
region (CDR3), suggests that LESA-associated clones, even from
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different patients, may bind the same or similar antigens and
become selected by clonal expansion. In addition, the high rate of
ongoing VH gene hypermutations in several cases and the low
incidence of replacement mutations in the framework regions
further indicate that the antigen receptor plays an important role
in the development and expansion of LESA-associated clones [45].
It is highly likely that LESA-associated clones produce Igs with RF
activity. This possibility is intimated by heavy- and light-chain
CDR3 showing remarkable similarity to antibodies with RF activity
and IgVH genes of LESA-associated clones sharing the same
restriction repertoire with RE. The choice of specific segments,
particularly the D21/9 segment, in the assembling of IgH chains
seems to characterize a B-cell disorder with the capacity for the
production of antibodies with RF activity [45]. A recent study
suggests that salivary gland lymphoma in patients with SS fre-
quently develops from RF-producing B-cells. A model for the
increased frequency of lymphomas derived from specific RF B-
cells in patients with SS could include the following: chronic
stimulation by IgG or, more likely, by IgG complexed to auto- or
exoantigens. It has been speculated that the substantial production
of IgG in the salivary glands of patients with SS could lead to
uncontrolled antigenic stimulation of RF B-cell clones in ectopic
GCs where their vigorous expansion makes them prone to muta-
tional events. These findings imply that surface Igs, both in benign
lesions and in SS lymphoma infiltrates, exhibit RF-like activity [46].
Therefore, based on the above, we can conclude that SS is
characterized by the expansion of monoclonal B-lymphocytes, in
which surface Ig exhibits RF-like activity. It is these B-cells (and
not the autoreactive B-cells producing anti-Ro and anti-La auto-
antibodies) that mediate lymphoma development. Notably, RF-
bearing B-cells can internalize and present any autoantigen in the
context of an immune complex. In turn, RF-positive B-cells can be
stimulated by all local T helper cells that happen to have partici-
pated in helping make autoantibodies against these specific
autoantigens and their individual epitopes [47]. By this way, a
RF-positive B-cell receives a myriad of “hits” from many different
local T helper cells. The nature of these expansions (whether small
or large, localized or dispersed, or stable or intermittent) may be
correlated with the risk of B-cell NHL [6].

As far as the molecular mechanism involved in lymphomagenesis
is concerned, there seems to be involvement of dissimilar pathoge-
netic mechanisms in SS-related MALT lymphomas compared to MALT
lymphomas in the general population. In contrast to other MALT
lymphomas, where recurrent genetic abnormalities are reported, in SS
such genetic aberrations have not yet been conclusively identified.

More specifically, the most commonly reported chromosomal
abnormalities in MALT lymphomas include the following trans-
locations: t(11;18) (q21;q21) (Apoptosis inhibitor-2 gene-API-2/
MALT lymphoma-associated translocation protein-MALT1),
t(14;18) (q32;q21) (IgH/MALT1), t(1;14) (p22;q32) (BCL-10/IgH),
and t(3;14) (p13;q32) (FOX-P1/IgH). Apart from t(3;14), which
results in an increase in nuclear levels of the FOX-P1 transcription
factor with its role remaining unknown, all other translocations
lead to pathologic increase in the activation of the NF-xB through
the BCL-10/MALT1 signaling complex thereby enhancing the sur-
vival of extranodal marginal zone cells. Activation of the NF-«xB
pathway, which results in cell survival and proliferation, is an
established and well-documented mechanism involved in lym-
phomagenesis. However, the translocations t(11;18) (q21;q21,
t(14;18) (q32;921), and t(1;14) (p22;q32) have been found in only
relatively small proportions in SS MALT lymphoma patients [48].
Another possible genetic aberration correlating to MALT lympho-
mas is the deletion of the long arm of chromosome 6(6q23)
leading to the deletion of TNF-induced protein 3 (A20). A20 is
required for termination of TNFa and TLR-induced NF-xB activa-
tion, thus the aforementioned genetic aberration leads to

increased signaling of NF-xB pathway [49]. Clearly, a large cohort
of SS lymphoma patients would be required to confirm A20
abolishment as a major molecular aberration in SS-associated
NHLs.

Pathogenetically, lymphomagenesis in SS exhibits several sim-
ilarities with lymphoma development in chronic HCV infection,
sharing several characteristics such as MZ lymphoma predomi-
nance, mucosal involvement incidence, and a clear association
with MMC. In this regard, a large percentage of HCV-associated
NHLs originate from B-cell clones chronically stimulated by a
common antigen. This is corroborated by the unique properties
possessed by these B-cell clones; an R/S mutation ratio in the
framework segments of Ig lower than that expected by chance and
a highly restricted use of gene segments in assembling the IgH
chain [50]. Furthermore, the significant homologies between gene
segments used by these lymphoma cells and those used by
antibodies with RF activity suggest that these NHLs are derived
from B-cell clones that produce RF [51]. Given that these genes
have been associated with the cross-reactive idiotypes expressed
by serum monoclonal components in type Il cryoglobulinemia, it is
plausible that HCV-associated NHLs originate from the neoplastic
transformation of the same clones expanded in type II cryoglobu-
linemia. It has been postulated that HCV, as an exogenous antigen
in complex with IgG, triggers distinct RF B-cell clones. Further-
more, the preferential usage of a V1-69 VH in combination with
the HumKv 325 VL gene, the use of specific segments, in assem-
bling the IgH chain of Ig, in particular the D21/9 segment, and the
restricted length of CDR3 region, all indicate that HCV-associated
neoplasms are closely related to salivary gland MALT lymphomas
in terms of pathogenesis [52,53]. Just as IgG-bound viral protein
immune complexes drive the expansion of RF B-cells in HCV
infection, so IgG-bound chromatin and anti-Ro-ribonucleoprotein
immune complexes prompt a similar activity in SS patients. It has
been proposed that RF B-cells in SS are expanded in response to
dual ligation of BCRs and TLRs by immune complexes containing
RNA/DNA. Therefore the combined signals of BCR, TLR, and BAFF
create a loop that propagates the production of autoantibodies and
leads to expansion of RF B-cells [30]. Interestingly, although 40% of
the salivary MALT lymphomas express RF BCR, this specificity of BCR
does not characterize MALT lymphomas with t(11;18) chromosomal
translocation. This inverse relation between RF-specificity and the
t(11;18) suggests that expansion of MALT lymphomas containing
t(11;18) is not dependent on BCR, TLR, or CD40-mediated NF-xB
activation [7]. On the other hand, t(11;18)-]negative salivary gland
MALT lymphomas with RF BCR may need chronic stimulation by IgG
in immune complexes. Therefore, their proliferation depends on
activated NF-«B signaling, which is provoked by combined signals
resulting from CD40/BCR/TLR stimulation [17] (Fig. 2).

It is feasible that the microenvironment of ectopic GCs in the
salivary glands of patients with SS, in which B-cell lymphocytes
undergo intense proliferation, may impede variable region gene
recombination, thereby inactivating tumor suppression genes or
activating proto-oncogenes. Abnormalities in the control of the
V(D)J recombination process could play a significant role in neo-
plastic transformation in 60% of SS patients lacking RF B-cell
receptors [54]. Sequence analysis of the P53 gene in five patients
with SS with MALT lymphomas revealed two novel mutations of
exon 5. These mutations are single-base substitutions and appear
functional, since exon 5 is included in the coding region of the p53
gene [55]. Mutant p53 proteins without tumor suppressor activity
could well lead to check point failure at the cell cycle level,
followed by uncontrolled cell proliferation. This finding implies
the probable role of this tumor suppressor gene as a potential
mechanism for lymphoma development in SS.

Benign chronic LESA and MALT lymphoma can further undergo
transition to high-grade lymphoma, e.g., diffuse large B-cell
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Fig. 2. Cellular and molecular pathways implicated in lymphomagenesis in Sjogren's syndrome: Environmental factors (e.g., viral infection) and hormonal factors, in concert
with an appropriate genetic background, are believed to deregulate salivary gland epithelial cells and allow the aberrant homing of autoreactive B- and T-cells. Following the
migration of lymphocytes into the glands, epithelial cells are further activated by proinflammatory cytokines (IL-1p, IFN-y and TNF), which are produced by adjacent T-cells.
Consequently, tissue damage occurs due to immune attack mediated by a combination of apoptosis and cytotoxic cell death [29], which is followed by secondary necrosis and
release of autoantigens. Alternatively, activated non-apoptotic epithelium releases exosomes containing intracellular autoantigenic complexes [15]. In both cases, the nucleic
acid-containing autoantigenic complexes acting through TLRs activate plasmacytoid DCs. The early accumulation of pDCs in the target tissues, which produce high levels of
type 1 IFNs, seems to be important, as these cells can further deregulate the immune response through abnormal retention of lymphocytes in the tissues and their
subsequent activation. IFN-a is a powerful stimulator of the production of BAFF by mDCs. Abundant BAFF production stimulates aberrant B-cell maturation, leading to the
emergence of self-reactive B-cells, which locally produce autoantibodies and rheumatoid factors. Sustained survival of autoreactive B-cells leads to the sustained production
of autoantibodies and in some cases to the expansion of clones with surface immunoglobulins that exhibit RF-like activity, which are implicated for lymphoma development.

Abbreviations: BAFF, B-cell activating factor; BAFFR, BAFF receptor; pDCs, plasmacytoid dendritic cells; mDCs, myeloid dendritic cells; IFN-a, interferon-a.

lymphoma (DLBCL), represents a multistep process involving genetic
alterations such as p53 allelic loss and mutations, hypermethylation
of p15 and p16 genes, and p16 gene deletions [56,57]. The trans-
formation of MALT lymphoma to DLBCL is heralded by the emer-
gence of an increased number of transformed blasts that form
clusters to finally form a confluence effacing the preceding MALT
lymphoma. It is unclear how many DLBCLs arise from pre-existing
MALT, nodal, or follicular lymphomas. Immuno-histochemical, kar-
yotypic, and genotypic studies have provided convincing proof that
the supervening large-cell lymphomas arise from the same clone as
the low-grade lymphomas [56]. Thus, the majority of high-grade
lymphomas in SS patients may represent blastic-variance of either
MZ B-cell or follicular center cell lymphomas.

Prognostic risk factors for lymphoma

Identification of specific parameters in high-risk patients for
B-cell NHL in SS is necessary for the proper monitoring of these
patients. All studies have identified parameters that fit the afore-
mentioned model: the gradual expansion of B-cell clones with

surface Igs exhibiting RF-like activity. Subsequently, these clones
may induce MMC and low serum C4, with intercurrent clinical
manifestations such as severe involvement of the exocrine glands,
peripheral neuropathy, and purpura [58,59]. In 1971, Anderson et al.
|60] demonstrated that a decrease in serum Ig levels and disappear-
ance of the RF constitute a hallmark of progression to lymphoma;
while in 1978, Kassan et al. [61] showed that SS patients who
presented clinical parameters such as lymphadenopathy, splenome-
galy, and parotid enlargement experienced an increased risk of
lymphoma development. Skopouli et al. [6] have determined that
low C4 in combination with MMC is a risk factor for NHL in patients
with SS. In another study, lIoannidis et al. [5] have certified that
parotid gland enlargement, palpable purpura, and low C4 are
independent risk factors for NHL and have classified patients with
SS into two groups. The first group includes patients who have these
parameters, are classified as high-risk, and need closest monitoring
compared to the second group consisting of low-risk patients who
do not have these parameters.

Given the risk factors for lymphomagenesis in the setting of
SS, patients can be classed as high- or low-risk, and follow-up
managed accordingly. Hence, for patients without risk factors,
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basic laboratory evaluation with CBC and biochemistry profile
and complete physical examination constitute the gold standard
for routine annual follow-up. In contrast, patients with risk
factors for lymphoma development, i.e., patients expressing
clinical characteristics such as purpura, salivary gland enlarge-
ment, or lymphadenopathy should undergo routine 6-monthly
follow-up in addition to a complete physical examination that
should always include complete blood count (CBC), biochemistry
panel, serum protein electrophoresis, serum and urine immuno-
fixation, serum cryoglobulins, serum complement levels, and RF
activity.

The association between low C4 levels and lymphoma in SS
patients was also demonstrated strongly in a univariate analysis by
Ramos-Casal, where low C4 levels constituted an independent
variable in a multivariate analysis [62]. It should also be noted that
in another model, CD4 T-lymphocytopenia was also identified as a
risk factor for lymphoma, associating therefore immunodeficiency
with lymphomagenesis in SS [63].

Other reports evaluating associations between biological and
clinical parameters and lymphoma risk in SS patients identified
increased levels of p-2 microglobulin, and low serum levels of IgM,
as well as vasculitic ulcers and immunosuppressive treatment, as
possible predictors of lymphoma development [64-66]. Today, it is
commonly accepted that the presence of cryoglobulinemia, low C4,
splenomegaly, lymphadenopathy, and neutropenia are independ-
ent risk factors for NHL. The presence of even one of these
parameters increases the lymphoma risk fivefold [67].

It has become clear that lymphoma in SS is a late process in the
course of the syndrome. A multicenter trial has found that the
median time to lymphoma occurrence since SS diagnosis is
7.5 years, while its incidence in patients with SS is 4.3% [68].

There is conflicting evidence in the literature concerning the
exact rate of lymphomas developing in patients with SS; the
difference ranges between 5% and 10% and depends on the total
number of patients and the follow-up time of each study [14]. We
already know that the further we move away from the time of SS
diagnosis, the higher the risk of NHL. We have observed that 10-15
years after diagnosis, the relative danger is 20 times higher than in
the general population [69].

In a single-center retrospective study evaluating lymphoma
development in a cohort of 584 SS patients over a 30-year follow-
up period, it was established that the longer the follow-up time,
the higher the recorded incidence of lymphoma. Over a 30-year
period, the recorded incidence of lymphoma reached 9% [69].

These patients are characterized by a particular clinical picture,
absent in other lymphomas or in patients without lymphoma.
They mainly manifest skin vasculitis and peripheral neuropathy,
while the main findings of the laboratory tests are anemia,
lymphocytopenia, hypergammaglobulinemia, paraproteinemia,
and MMC [68]. Furthermore, lymphocytopenia, low CD4, cryoglo-
bulinemia, and purpura are characteristic parameters in these
patients, while they are not particularly common in patients who
do not develop lymphoma.

Types of lymphoma in Sjégren’s syndrome
There are two dominant types of lymphoma in SS:

1. The first type includes MZ lymphomas classified as:
e extranodal MZ lymphomas (called MALT lymphomas) and
e nodal MZ lymphomas.

2. The second type consists of aggressive lymphomas such as DLBCL.

MALT lymphomas (Fig. 3) mainly involve extranodal sites. On
the other hand, nodal MZ lymphomas show an entirely different
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Fig. 3. MALT lymphomas: (A) infiltration by small lymphocytes and plasma cells
(H & E, x400); (B) atypical lymphocytes diffusely positive for CD20 (immuno-
staining with L26 antibody, x 100); and (C) immunostaining with anti-CD21
(x200) for follicular dendritic cells. Immunohistology data, together with the
histological findings, suggest the existence of a B-cell lymphoma in salivary glands.

clinical picture, which, in the advanced stage, is characterized by
bone marrow infiltration, lymphadenopathy, and the absence of
extranodal foci involvement [70]. Of note, 10% of MALT lymphomas
convert to high-grade malignant lymphomas. MALT lymphomas
are benign, characterized by clusters of centrocytes, monocyte-like
cells, and immunoblasts with specific morphological features: they
are surrounding the GCs, infiltrate the epithelium, and form
lymphoepithelial lesions. Typically, MALT lymphomas are local-
ized, with no BM involvement, no splenomegaly, and no
B symptoms. The main extranodal involvement sites are the
salivary glands; however in 20% of the patients we may observe
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Localized extranodal

marginal zone lymphoma
of MALT type (only stage I)

4 N

Wait and see policy:

frequent staging
procedures including
clinical examination, CT
scans, digestive tract
endoscopic evaluation,
bone marrow biopsy

o J

Disseminated extranodal
marginal zone lymphoma of

MALT type (multiple mucosal
involvement bone marrow or
nodal disease)

Lymphoma directed
therapy:
2-cdA, Fludarabine

OR

Lymphoma directed
therapy:
Chlorambucil -
cyclophosphamide

OR

Lymphoma directed
therapy:
Rituximab alone or
combined

immunochemotherapy

High grade transformation
in the setting of MALT or

denovo infinite large B-cell
lymphomas (solid clusters
of large cells)

Combined
chemotherapy:

Rituximab + CHOP

Fig. 4. Algorithm for the therapeutical approach of lymphoma in patients with SS [77-82].

involvement of more than one extranodal site and therefore
extensive clinical-laboratory assessment is required for diagnosis
and staging. Regardless of the presentation site, diagnostic studies
should always include the standard lymphoma staging procedures
and in addition the examination of Waldeyer’s ring. Once the
diagnosis of MALT lymphoma is established, a radiographic exami-
nation with CT scans of the neck, chest, abdomen, and pelvis
should follow. Laboratory evaluation should also include a CBC
count, chemistry panel, MMC, LDH level, and serum protein
electrophoresis. Furthermore, BM aspiration and biopsy are neces-
sary to assess possible dissemination to the marrow. The initial
staging should include a gastroduodenal endoscopy with multiple
blind biopsies as well as biopsies from any site that appears
macroscopically abnormal. A possible H. pylori infection also needs
to be excluded. Special diagnostic procedures may prove neces-
sary. In this regard, pulmonary opacities should be assessed
histologically for the exclusion of bronchial MALT lymphoma. An
endoscopic ultrasound is strongly recommended in the case of
gastric involvement.

Prognosis and treatment

In general, prognosis in MALT lymphomas is very good, and the
5-year survival reaches 90%. In patients with MALT lymphomas, in
non-SS population, there are certain parameters that determine a
poorer prognosis [71]. Although involvement of other extranodal
sites does not influence the prognosis, in patients with poorer
prognosis, BM infiltration and lymphadenopathy are detected.
Furthermore, the International Prognostic Index (IPI) score based
on five parameters (age, stage, involvement of many extranodal
sites, performance status, and LDH), prognostically distinguishes
the patients with MALT lymphoma [72,73]. Specifically, when
these parameters are added up, patients have poorer prognosis
compared to those that have none of these parameters. Survival of
the latter is very good, almost the same as in the general
population.

There is no therapeutic algorithm for MZ lymphomas in SS,
nevertheless, two large studies exist that evaluate SS-related
lymphoma development and management. Both studies reach
similar conclusions. Pollard et al. [74] studied 35 MALT-
lymphoma SS patients in a cohort of 329 SS patients with localized
disease in the parotids. They conclude that patients with high SS
disease activity (M-protein, cryoglobulins, IgM RF > 100 kIU/L, and
severe extraglandular manifestations) with or without MALT
lymphoma may require treatment; while in SS patients with
localized MALT and low disease activity, a watchful-waiting
strategy is justified. On the other hand, Voulgarelis et al. [69]
studied 53 consecutive NHL cases in a cohort of 584 SS patients
over a 30-year study period. In this study MALT lymphomas
(localized or not) constituted the majority of NHL subtypes
followed by nodal MZ lymphomas and DLBCL. Based on the tactics
used in the therapeutic management of SS-related lymphoma in
this study, the authors propose the following strategies (Fig. 4).

In asymptomatic, localized MALT lymphomas, without BM
involvement and lymphadenopathy, with IPI score between
0 and 1, the patient is under close follow-up with no therapeutic
intervention. Usually, over a median follow-up time of 4 years,
these patients do not develop disease progression or transition to
high-grade malignant lymphoma. The only exception is the pres-
ence of extranodal manifestations, such as cryoglobulinemia,
where treatment with Rituximab is indicated.

In disseminated MALT lymphoma with high IPI score and BM
and lymph-node involvement, Rituximab is administered concom-
itantly with chemotherapy. This treatment schedule has been used
in 31 MALT lymphomas. It accounts the most adequate therapeutic
algorithm for the treatment of MALT lymphomas; its use in these
patients has led to a 3-year overall survival of 97% and a 3-year
disease-free survival of 80%.

In nodal lymphomas, on the contrary, results have not been
encouraging as 3-year overall survival was approximately 80% and
3-year event-free survival was lower than 50%, which shows that
these lymphomas have a completely different pathogenicity and
that they should be investigated in a different way and may
necessitate new therapeutic approaches [69].
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Regarding DLBC lymphoma, the addition of Rituximab to the
traditional CHOP chemotherapy has resulted in increasing the
2-year overall survival from 37% to 100% [69,75]. As a conclusion,
the combination of Rituximab-CHOP is the standard of care for
these lymphomas, as until now we have achieved 100% overall
survival and 100% event-free survival after 3 years [69]. Further-
more, this combination achieves control of extranodal manifes-
tations, with a decrease in cryoglobulin levels, an increase in C4
levels, and a decrease in RF levels, without any particular adverse
events [69].

At this point it should be stressed that lymphoma is the main
cause of death in patients with SS and that the standardized
mortality ratio is 3.25 in SS patients with lymphoma and 1.08 in SS
patients without lymphoma (almost the same as in the general
population), while, on the basis of statistical data, lymphoma in SS
is responsible for 1.58 deaths per 1000 patient-years [69].
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