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Abstract

Lymphoma development is the most serious complication of SS and the main factor impacting on mor-

tality rate in patients with this condition. Lymphomas in SS are most commonly extranodal non-Hodgkin

B-cell lymphomas of the mucosa-associated lymphoid tissue and frequently arise in salivary glands that

are the target of a chronic inflammatory autoimmune process. Extensive work on lymphomagenesis in SS

has established that the progression towards B-cell lymphoma is a multistep process related to local

chronic antigenic stimulation of B cells. These neoplastic B cells in SS frequently derived from autoreac-

tive clones, most commonly RF-producing B cells, which undergo uncontrolled proliferation and malignant

escape. In this review, we highlight the most important recent findings that have enhanced our under-

standing of lymphoma development in SS, with particular reference to the close link between autoimmun-

ity and lymphomagenesis. We also discuss how the identification of key factors involved in B-cell

malignancies may impact on our ability to identify at early stages patients at increased risk of lymphoma

with potential significant repercussions for the clinical management of SS patients. Finally, we identified

the most promising areas of current and further research with the potential to provide novel basic and

translational discoveries in the field. The questions of finding new biomarkers, developing a validated

score for predicting lymphoma occurrence and assessing if a better control of disease activity will de-

crease the risk of lymphoma in primary SS will be the enthralling questions of the next few years.

Key words: Sjogren’s syndrome, lymphoma, MALT, BAFF, germinal centre

Rheumatology key messages

. Development of lymphoma in SS involves local chronic antigenic stimulation of autoimmune B cells.

. The same pathophysiologic processes involved in SS also drive SS-associated lymphomagenesis.

. B-cell activation, disease activity and decrease immunosurveillance are the key predictive factors of SS-
associated lymphomas.

Introduction

Primary SS (pSS) is a systemic autoimmune disease

characterized by lymphocytic infiltrates of salivary and

tear glands leading to oral and ocular dryness.

Dryness, fatigue and pain are present in all patients.

Apart from these disabling symptoms, 30% to 50% of

the patients develop systemic manifestations including

renal, pulmonary or neurological manifestations [1, 2].

Among these systemic involvements, occurrence of

lymphoma is one of the most severe complications.

Investigation of the pathophysiology of lymphomagen-

esis is a key line of research. First, it might give us

tools for an earlier and better detection of high-risk pa-

tients. Second, it might give clues for a better under-

standing of pathophysiology of both mechanisms of

autoimmunity and of lymphomagenesis outside the con-

text of auto-immunity. Third, it might lead to the identifi-

cation of new treatment targets in autoimmune diseases.

This review will propose an update concerning lymph-

oma development in pSS patients focusing on

epidemiology, management of this complication and

mechanisms leading to lymphomagenesis.

1Department of Rheumatology, Université Paris-Sud, AP-HP, Hôpitaux
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Epidemiology and clinical aspects

Epidemiology

Autoimmunity promotes the risk of lymphoma. More pre-

cisely, patients suffering from RA, lupus and pSS are

exposed to an increased risk of B-cell lymphoma. pSS

is the autoimmune disease associated with the highest

risk, ranging from 7 to 15 compared with the general

population [3�6]. B-cell lymphomas occur in �5% to

10% of pSS patients and it has been recently reported

that the risk increases by 2.2% per year of age [7].

Histological findings

Most lymphomas in pSS are of B-cell lineage and of low-

or intermediate-grade malignancy. Lymphoma mainly de-

velops from marginal zone B cells, leading to marginal

zone lymphoma and especially mucosa-associated

lymphoid tissue (MALT) lymphoma (MALT-L) in 65% of

the cases [8, 9]. Among the other lymphoma sub-types

that have been found to be increased, lympho-plasmacy-

toid lymphomas are probably marginal zone lymphoma

with plasma-cell differentiation and diffuse large B-cell

lymphoma may be, at least in some cases, the transform-

ation of previous low-grade lymphomas [10�12]. MALT-L

are localized mainly within salivary glands (SG) (parotid

and sub-mandibular), the target organ of the disease,

but also in other mucosal sites such as orbits, naso-phar-

ynx, stomach, thyroid and lung. MALT-L in pSS have clas-

sical characteristics: B phenotype of MALT-L is confirmed

by panB markers such as CD19, CD20, CD22, CD79a and

CD79b. Monotypic Ig of IgM isotype is often found at the

membrane with a predominance of the k light chain [13].

However, classical oncogenic events are not likely to fre-

quently promote lymphomagenesis in the context of pSS.

Translocations involving MALT1 gene have been shown to

play a role in MALT-L development in general (t(11; 18)

(q21; 21) and t(14; 18) (q32; q21)). In comparison, these

translocations are rather infrequent in MALT-L developing

from SG (prevalence of 27% and 15% respectively) [14].

Clinical aspects

The most frequent symptom leading to suspicions of

lymphoma in a pSS patient is the occurrence of a unilat-

eral, fixed and hard parotid gland enlargement.

Differentiating clinically a lymphoma from a benign poly-

clonal parotid hyperplasia is not so easy. Hyperplasia is

frequent in pSS patients but is frequently bilateral, going

up and down. Complementary examinations may help.

Parotid gland MRI may be used [15]. Salivary gland ultra-

sound with Doppler has been shown to be useful for pSS

diagnosis and in trained hands it could give the possibility

of driving biopsy during the same procedure [16]. More

recently, the usefulness of 18F-FDG Positron Emission

Tomography has been assessed in a study assessing 45

pSS patients with active disease, including 15 with lymph-

oma [17]. In this retrospective study, having a

standardized uptake value max of parotid gland 5 4.7

and/or the presence of focal pulmonary lesions was

highly suggestive of lymphoma.

Low-grade non-Hodgkin B-cell lymphomas complicat-

ing pSS are characterized by an indolent course, small

tumour burden, normal lactate dehydrogenase and b2-

microglobulin levels and an excellent performance

status. B symptoms are absent and bone marrow involve-

ment is rare.

The management of MALT-L is not consensual. Several

strategies have been proposed including a wait and see

strategy. However, lymphomagenesis in pSS is the final

step of persistent polyclonal B-cell activation, transformed

into monoclonality and then into lymphoma. In this context,

treating the low-grade lymphoma may be the best way to

control the chronic B-cell activation and possibly to avoid

the risk of transformation into high-grade lymphoma with

poorer prognosis. Treatment classically includes rituximab

(RTX) associated with either alkylating agents or fludarabine

[18]. Several studies have demonstrated the efficacy and

safety of the combination of RTX with bendamustine in low-

grade B-cell lymphomas including mantle cell lymphomas

and extra-gastric MALT-L [19, 20]. RTX with bendamustine

has been recently assessed in MALT-L complicating pSS.

This strategy was likely to be safe and efficient and inter-

estingly seemed to be associated with a control of activity

of the autoimmune process [21]. The overall prognostic of

MALT-L occurring in pSS patients is excellent. Disease ac-

tivity assessed by the EULAR SS disease activity index and

the International Prognostic Index have been shown to be

interesting predictive tools for outcomes of event-free sur-

vival and overall survival [8].

From predictors to pathogenesis of
lymphoma

Classical predictors

As described above, the risk of lymphoma is limited to a

fraction of pSS patients. Thus, definition of predictors

allowing identifications of this subset of patients at high

risk is challenging. Several studies have identified pre-

dictors of lymphoma development in pSS (Table 1).

Clinical and biological predictors have been identified

and confirmed by several groups. To sum up, the main

clinical predictors include permanent swelling of SG,

splenomegaly and lymphadenopathies, skin involvement

and especially palpable purpura [18]. Biological predictors

are cryoglobulinemia, lymphopenia (CD4), low comple-

ment levels and a monoclonal component in serum or

urine [18]. Interestingly, disease activity assessed by the

EULAR SS disease activity index was found to predict

lymphoma development with a dose effect [9]. Several

groups have aimed to define a predictive score of lymph-

oma based on these predictors. Fragkioudaki et al. [32]

have built a score including salivary gland enlargement,

lymphadenopathy, Raynaud phenomenon, anti-Ro/SSA

and/or anti-La/SSB autoantibodies, RF positivity, mono-

clonal component, and low C4. Presence of 42 of these

factors was associated with low probability of lymphoma

occurrence (3.8%) whereas the probability reached 100%

if all seven factors were present. Similarly, Quartuccio

et al. focused on patients with salivary gland enlargement
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[33]. They define four biomarkers (low C4, cryoglobuline-

mia, anti-SSB antibodies and leukopenia) and found that

the positivity of one or no biomarker provided a negative

predictive value for lymphoma of about 90% in this sub-

group of patients.

In addition to these predictors that can be easily

checked in clinical practice, five significant advances

have been made in understanding the mechanisms lead-

ing to the transformation of the B-cell clone. These pre-

dictors lead to a better understanding of the origin of

lymphoma complicating pSS.

Activity of the disease

Lymphomagenesis occurring in patients with autoimmune

diseases results from chronic activation of autoimmune

system. This over-activation is associated with a more

active disease. In patients with RA, it has been demon-

strated that the risk of B-cell lymphoma is higher in pa-

tients with the highest cumulative disease activity [34]. In

pSS, it is now demonstrated that disease activity as-

sessed by the EULAR SS disease activity index predicts

lymphoma development with a dose effect [9].

RF reactivity and chronic antigenic stimulation

Cryoglobulinemia, a cold-precipitable IC with RF activity,

is a well-accepted predictor of lymphoma. However, the

detection of cryoglobulins can be challenging. Recently,

RF itself, independently of cryoglobulinemia, has been

found to be a predictor of lymphoma in pSS patients [9].

This could have a practical impact, as RF is easier to

measure in clinical practice. Moreover, the relevance of

RF is supported by the evidence that lymphoma B cells

in pSS patients could be RF B cells stimulated by ICs. In

fact, lymphomatous B cells from two pSS patients with

salivary-gland lymphoma expressed an IgM-k with RF ac-

tivity [35]. Similarly, the study of the repertoire of mature

B-cell lymphomas has shown that 41% of MALT-L occur-

ring in SG expressed B Cell receptors with strong CDR3

homology to RF, whereas only 18% of MALT-L occurring

in the stomach presented this homology, which was never

found in pulmonary MALT-L [36]. More recently, it has

been demonstrated that homology to RF was a rare

event among clonotypes expressed by B cells infiltrating

SG from pSS. However, when present, it was likely to

represent a strong advantage supporting lymphomatous

escape [37]. The role of the IC in stimulating these RF B

cells is probably crucial in the transformation of B cells

leading to lymphoma. Thus, a first step of lymphomagen-

esis in pSS may be the accumulation of IC leading to

continuous stimulation of RF B. These B cells, if not com-

pletely controlled, may evolve to lymphomatous cells.

Interestingly, it could be argued that the over-representa-

tion of MALT compared with nodal lymphoma could be

linked to a variability of the efficacy of mechanisms of

control depending on the microenvironment: increased

mucosal production of ICs stimulating RF B cells coupled

with a less efficient immunosurveillance of these continu-

ously stimulated RF B cells in epithelial mucosal tissue

compared with lymph nodes or bone marrow could ex-

plain the increased risk of MALT-L in pSS patients.

Germinal centre-like structures and lymphomagenesis

As described above, MALT-L development in pSS ap-

pears to be the result of local antigen-driven B cell selec-

tion, which allows the proliferative advantage and

eventually malignant escape of B cells frequently bearing

an RF-reactive B-cell receptor. Antigen-driven B cell se-

lection physiologically takes place in secondary lymphoid

organs in structures defined as germinal centres (GC)

where the process of affinity maturation via somatic hyper-

mutation of the variable Ig heavy and light chain genes

happens. Developments in the last 15 years in the field

of SG histopathology have led to the appreciation that a

high degree of heterogeneity exists in terms of immune

cell infiltration and organization in the SG of pSS patients

ranging from sparse T cells to highly organized B-cell rich

follicles. Ectopic GC-like structures, which can be defined

as aggregates of T and B organized in segregated areas

associated with the development of follicular dendritic cell

networks (Fig. 1), can be detected in around 20�40% of

patients [38]. There is conclusive evidence that ectopic

GCs in SS allow affinity maturation of GC B cells via the

process of locally-driven somatic Ig variable heavy and

light chain gene hypermutation [39]. Of interest, malignant

B-cell clones in MALT-L display a high degree of somat-

ically hypermutated Ig genes in line with a post-GC origin.

Ig gene hypermutation and lymphomagenesis seems to be

a highly related process in SS as off-target mutations in

key proto-oncogenes regulating B-cell proliferation, a pro-

cess known as aberrant somatic hypermutation, promote

genetic instability and malignant escape in MALT-L [40].

Physiological and aberrant somatic hypermutation have

both been related to the expression of a nucleic acid edit-

ing enzyme, activation-induced cytidine deaminase

encoded by the AICDA gene [40, 41], which can be abun-

dantly found in ectopic GC in the SG of SS patients and

MALT-L [42]. Of interest, in parotid MALT-L activation-

induced cytidine deaminase is restricted to GC suggesting

that these structures are critically involved in the genetic

instability associated with lymphomagenesis. Both pro-

cesses of ectopic GC and lymphoma might be underlined

by common genetic predisposition as indicated by the

TABLE 1 Classical predictors of lymphoma in SS patients

Predictive factors References

Clinical

Permanent swelling of SG [22�24]

Adenopathy [25, 26]

Purpura [4, 26, 27]
Paraclinical

Cryoglobulinemia [26, 28]

Lymphopenia [4, 29]

Low C4 [4, 26, 27, 29]
Monoclonal component [25]

GC-like structures within SG, FS [30, 31]

GC: germinal centres; SG: salivary glands; FS: focus score.
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association of C-X-C chemokine receptor type 5 (CXCR5)

gene polymorphisms, a unique receptor for the GC-asso-

ciated chemokine CXCL13, with pSS but also with non-

Hodgkin lymphoma (NHL) in independent studies outside

of the context of autoimmunity [43].

Based on the above evidence, several studies have

investigated the potential role of gland histopathology

and ectopic GCs as predictors of lymphoma progression

in pSS patients, yielding inconclusive data. A retrospect-

ively study on minor SG from pSS patients showed a sig-

nificantly higher focus score (FS) in patients developing

NHL [30]. The FS quantifies the number of inflammatory

cell foci containing at least 50 mononuclear cells per 4

mm2. A threshold of FS53 (which is strongly associated

with the presence of ectopic GCs) had a positive predict-

ive value of 16% for lymphoma, and a negative predictive

value of 98%. Highly infiltrated minor SG with a FS >3

were an independent predictor of NHL development.

In a first report in a small retrospective cohort of SS

patients with MALT-L, we observed a higher prevalence

of ectopic GCs, defined by the presence of CD21+ follicu-

lar dendritic cells networks containing GC B cells, in labial

salivary gland biopsies of SS patients who later developed

parotid MALT-T compared with the general SS population

(75% vs 33%) [42]. A subsequent large study estimated a

16-fold higher risk of developing NHL in GC-positive SS

patients in comparison with GC-negative patients. GCs

were identified by haematoxylin & eosin (H&E) staining in

labial salivary gland biopsies and a biopsy was considered

GC positive in the presence of a clearly visible lighter area

in a densely packed dark foci (lymphocytic cell clusters of

at least 50 mononuclear cells) within otherwise normal

salivary gland epithelium, containing cells usually present

in classical GCs (follicular dendritic cells, centrocytes,

centroblasts and macrophages). At diagnosis, 25% of

pSS patients had GC-like structures in their SG and 4%

developed NHL, with a median onset of 7 years from the

initial diagnostic salivary gland biopsy. Six of seven pa-

tients had GC-like structures at diagnosis; the remaining

patient was GC negative at the time of diagnosis [31].

More recently, a retroprospective study confirmed that

the presence of ectopic GC-like structures was asso-

ciated with a higher risk (7.8-fold) of NHL occurrence, to-

gether with other independent clinical and biological

predictors, such as parotid enlargement, sensorimotor

neuropathy, splenomegaly, cryoglobulin and low C4

serum levels [44]. Similar to the previous study, GC-like

structures were identified on the basis of H&E staining on

minor SG. In addition, the presence of these structures

was confirmed with immunohistochemistry showing a

low expression of Bcl-2 and a high GC B-cell associated

transcription factor, Bcl6 reactivity. In contrast with these

observations, Johnsen et al. did not observe any differ-

ence in the prevalence of GC-like structures (again identi-

fied by H&E and CD21 staining) in labial gland biopsies of

pSS with different forms of NHL [45]. Surprisingly, the

prevalence of GC was higher in patients without lymph-

oma compared with those with lymphoma (46% vs 33%)

exhibited GCs. Similarly, a more recent study that re-

stricted the analysis to SS patients with parotid MALT

lymphomas, reported GC-like structures in two out of 11

minor SG from pSS-patients with parotid MALT lymph-

oma and four out of 22 pSS without lymphoma (4/22) by

H&E, with Bcl6 staining not adding much to the identifica-

tion of GC-like structures [46]. To sum up, studies that did

not find an association between GC-like structures and

lymphoma in pSS shared methodological characteristics

including their case-control design (instead of cross-sec-

tional) and a small sample size. Both these features may

contribute to the observed discrepancy.

FIG. 1 Immunohistochemical features of ectopic GCs in the SG of SS

Representative microphotographs depicting sequential immunohistochemistry staining for CD3 (T cells), CD20 (B cells),

CD21 (follicular dendritic cell networks) and CD138 (plasma cells) identifying ectopic GC in labial salivary gland biopsy of

SS patients. GC: germinal centres; SG: salivary glands.
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Overall, although promising, the clinical utility of GC-like

structures in the SG of pSS patients as predictors of the

evolution towards lymphoma requires further longitudinal

studies in larger population together with an emphasis on

consensus guidelines to standardize the assessment of

ectopic GC-like structures, as discussed in the final sec-

tion of this review.

B cell cytokines

Cytokines promoting B-cell stimulation could also be

involved in lymphomagenesis. Given its role in pSS patho-

geny [47] and in lymphomatous escape, B-cell-activating

factor of the tumour-necrosis-factor family (BAFF) could

also participate in the development of lymphoma in pSS pa-

tients [48]. In pSS, BAFF level is increased in patients with

current or previous lymphoma vs patients without lymphoma

[1]. Moreover, BAFF levels correlated with disease activity

and were associated with clonal B-cell expansion in SG

[49]. BAFF levels have been found to be increased in pSS

patients even years after treatment and remission of lymph-

oma [1]. Hence, serum BAFF levels may not be directly

related to lymphoma but may be constitutionally linked to

genetics. Polymorphisms in BAFF loci have been found to

be associated with increased BAFF levels [50, 51] even if the

association between single nucleotide polymorphism (SNP)

of BAFF and/or BAFF receptor and pSS remain controversial

[51�53]. Other cytokines such as receptor for colony stimu-

lating factor 1-related tyrosine kinase 3 ligand [54] or IL14

could also participate in chronic B-cell activation and lymph-

oma development [55]. In addition, serum levels of CXCL13

and CCL11, two chemokines that are linked to the develop-

ment of the GC like structures, have been shown to be

associated with lymphoma occurrence in pSS [56].

Genetic control of immune activation

SG in pSS patients form a micro-environment promoting

chronic B-cell stimulation. In the absence of efficient treat-

ment able to stop chronic stimulation by ICs, check-points

of autoimmune B-cell activation are crucial and any dys-

function, even slight, could favor lymphomatous escape.

The demonstration of the impact of A20 dysfunction illus-

trates this concept. TNFAIP3 gene encodes the A20 pro-

tein, which is a central gatekeeper of NF-kB activation. A20

is a good candidate given the role of somatic deletion of

TNFAIP3 in MALT lymphoma [57] and the association of

several SNPs of TNFAIP3 in autoimmune diseases [58]. In

addition, A20 was found to be downregulated in SG from

pSS patients vs controls, and the cells with downregulated

A20 expression showed enhanced NF-kB activities [57]. It

has been demonstrated that rs2230926, a coding SNP of

TNFAIP3 responsible for a missense mutation, was not

associated with pSS alone but with the occurrence of

lymphoma in pSS patients [59, 60]. Then, we demon-

strated that functional abnormalities of TNFAIP3 either

slight and germline or dramatic and somatic were present

in 75% of pSS patients with pSS-associated MALT lymph-

oma. More recently, absent or weak immune reactivity of

A20 has been described in SG from pSS patients with

lymphoma, confirming the role of loss of control in lympho-

matous escape of autoimmune B cells [61].

The role of inflammation beyond specific B-cell activa-

tion could also be discussed even if systemic inflamma-

tion does not seem to promote lymphomagenesis per se,

as supported by the lack of over risk of lymphoma in

auto-inflammatory diseases. However, it has been re-

cently proposed that inflammasome could be involved in

lymphomas complicating pSS as described by Baldini et

al. [62]. In this study, P2X7 receptor (P2X7R) and compo-

nents of the inflammasome (NLRP3, caspase-1 and IL-18)

were shown to be increased in SG biopsy in patients who

would develop lymphoma. This up-regulation was asso-

ciated with the presence of GC and was restricted to epi-

thelial cells. From this, it could be hypothesized that

specific features of epithelial cells could also participate

in the lymphomatous escape of B cells.

More recently, the role of epigenetic has also been as-

sessed. SNPs within the methylene-tetrahydrofolate re-

ductase gene have been shown to be associated with

occurrence of lymphoma in pSS patients [63]. Whether

this statistical association could have functional basis

needs to be demonstrated but it could be hypothesized

that genetic modification of methylene-tetrahydrofolate

reductase could impact DNA methylation and genomic

stability. Micro-RNA could also be involved. It has been re-

cently demonstrated that decreased levels of miR200b-5p

within salivary gland biopsy was predictive of lymphoma

development [64]. The functional basis of this association

needs to be further explored.

The 2019 proposed scenario for
lymphomagensis in pSS

There is little doubt that significant progress in the under-

standing of the key mechanisms underlying lympomagen-

esis in SS has been made in the past decades (Fig. 2).

However, several unknown aspects regarding B-cell

lymphomas remain to be elucidated and lymphoma still

represent an unmet clinical need in SS. The fundamental

hypothesis of the multistep evolution of lymphomas in SS

whereby B cells undergo an antigen-driven selection allow-

ing the progression from poly- to oligo- to monoclonal pro-

liferation brings several corollaries of potential translational

relevance to the clinical management of SS patients.

The first and foremost is the possibility to identify and

validate genetic, immunological, histopathological and/or

clinical predictors in order to recognize early the subset of

SS patients at higher risk of lymphoma development. The

use of SG histopathology and in particular the role of GC-

like structures has so far yielded interesting but conflicting

data, mostly due to the heterogeneity of the SS population

enrolled, the nature and size of the cohort studied and

most importantly the highly variable definition of GC

used, as discussed above. Current efforts are directed

to reach an international consensus on salivary gland

histopathology and the immunohistological definition of

GC [65, 66] which is the first step required prior to the

validation of histopathology in longitudinal observational

studies. Although there is a strong rationale for genetic

susceptibility as a critical factor predisposing to B cell

https://academic.oup.com/rheumatology 3517

Lymphomas complicating Sjögren’s syndrome
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lymphomas in SS, as discussed earlier in this review, the

role of genetic (and epigenetic) and the identification of

other candidate susceptibility genes/loci remains an area

of active investigation. Once again, given the relatively low

prevalence of lymphoma in SS, we believe that only a

coordinated effort from the scientific community will be

able to significant advance the field allowing, for example,

genome-wide association studies to be performed, which

have yielded breakthrough progress in other areas.

The identification of the close pathogenic link between

autoimmunity and lymphomagenesis in SS has also

opened a series of key questions and areas for further

work. One such critical aspect is the clarification of the

preferential selection of RF-producing B cells and the

understanding of the mechanisms underlying their prolif-

erative advantage and clonal expansion. Very recently, the

role of CD21 low B cells has been studied. These B cells

are found in conditions of persistent immune activation.

FIG. 2 The 2019 proposed scenario for lymphomagensis in pSS

The development of lymphoma in pSS is a multi-step process that is centered on chronic antigenic stimulation. Formation

of auto-Ab is favored within GC-like structures leading to the presence of ICs at high concentrations at epithelial sites.

These latter stimulate the expansion of RF-reactive B cells. Affinity maturation within GC-like structures gives a selective

advantage to auto-immune clones. The activation of these autoreactive B cells is amplified by several factors including

BAFF via paracrine and/or autocrine secretion, cytokines such as FLT-3 or IL-14 and the over-activation of the NF-kB

pathway. Loss of immune control of genetic origin (TNFAIP3 mutations) and a less effective anti-tumor immunosurveil-

lance at mucosal sites might precipitate the lymphomatous escape. GC: germinal centres; pSS: primary SS.
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Glauzy et al. [22] have recently demonstrated that clonal

lymphoproliferations in pSS patients preferentially accu-

mulate in this compartment. In addition, Bende et al. have

demonstrated that these subsets were polyreactive and

show RF activity. The down-regulation of CD21 might be a

negative control for chronic B Cell receptor [23]. In this

regard, the study of cross-activation of the B-cell receptor

with other key pathways regulating B-cell survival and ac-

tivation such as TLRs and BAFFR could yield novel infor-

mation. An equally promising approach based on the

evidence of the antigen-driven process driving lymphoma-

genesis is the prompt identification of common B-cell pre-

cursors of malignant B-cell clones using high throughput

variable heavy and light Ig gene sequencing in diagnostic

SG biopsies linked with the generation of recombinant

monoclonal antibodies to identify key (auto)antigens that

could allow an early stratification of patients at higher risk

of future progression. Additionally, this approach would

also allow investigating the nature of the other (auto)anti-

gens recognized by malignant B cells, as RF reactivity

only accounts for <50% of parotid MALT-L.

The ultimate goal of future research, however, which

follows the validation of clinical tools and biomarkers

able to predict early in the disease SS patients at high

risk of lymphoma, is the administration of therapeutics

able to prevent such evolution by blocking key pathways

involved in SS lymphomagenesis. In this regard, the rapid

intensification of therapeutic testing in randomized clinical

trials in SS patients with novel biologics, with particular

focus on those interfering with B/T cell costimulation and

those blocking BAFF-dependent B-cell activation and sur-

vival, could provide such tools in the not so distant future.

However, as mentioned above, given the low incidence of

lymphomas in SS, in order to provide a meaningful clinical

impact on patients with SS, large, multicentre and pro-

spective studies are needed. There is hope that flagship

international efforts currently underway such as the EU-

funded Horizon2020 HarmonicSS (http://harmonicss.eu)

and IMI-NECESSITY consortia will provide such a plat-

form for the further advancement of this field. Waiting

for these new advances, how can we prevent lymphoma

in pSS patients? RTX is currently the only B-cell targeted

therapy and could have a preventive effect.

Hydroxychloroquine might offer another way to control

B-cell activation. It is able to reduce B-cell activation as

observed by reduced gammaglobulins after exposure [24,

67, 68]. Assessing the impact of long-term exposure to

RTX or hydroxychloroquine on the risk of lymphoma is a

challenging task, regarding the high number of patients

and the long duration of the study time needed for this

type of study. It is the reason why we have to develop

intermediate end-points that could be a good proxy for

the risk of further development of lymphoma. In this

regard, setting up and validating a composite clinico-bio-

logical score based on seven simple variables and pre-

dictive of lymphoma occurrence, called SCOLYSS, is in

progress in the context of the HARMONICSS and

NECESSITY projects. The questions of finding new bio-

markers, developing a validated score for predicting

lymphoma occurrence and assessing if a better control

of disease activity will decrease the risk of lymphoma in

pSS will be the enthralling questions of the next few years.
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cohort study on cancer incidence and lymphoma pre-

dictors. Ann Rheum Dis 2006;65:796�803.

5 Johnsen SJ, Brun JG, Gøransson LG et al. Risk of non-

Hodgkin’s lymphoma in primary Sjögren’s syndrome: a
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Deleted Text:  [59]
Deleted Text: n
Deleted Text:  
Deleted Text: B 
Deleted Text:  
Deleted Text: B 
Deleted Text: B 
Deleted Text: VH
Deleted Text: VL
Deleted Text: which 
Deleted Text: recognised 
Deleted Text: randomised 
Deleted Text: B 
Deleted Text: EU 
http://harmonicss.eu
Deleted Text: in 
Deleted Text: Rituximab
Deleted Text: B 
Deleted Text: B 
Deleted Text: B 
Deleted Text: 61--63
Deleted Text: long 
Deleted Text: rituximab
Deleted Text: of 
Deleted Text: -
Deleted Text: 7 


11 Maeshima AM, Taniguchi H, Toyoda K et al.

Clinicopathological features of histological transformation

from extranodal marginal zone B-cell lymphoma of

mucosa-associated lymphoid tissue to diffuse large B-cell

lymphoma: an analysis of 467 patients. Br J Haematol

2016;174:923�31.

12 Voulgarelis M, Dafni UG, Isenberg DA, Moutsopoulos HM.

Malignant lymphoma in primary Sjögren’s syndrome: a
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