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Abstract: Among other systemic autoimmune diseases, primary Sjögren syndrome (pSS) bears the
highest risk for lymphoma development. In pSS, chronic antigenic stimulation gradually drives
the evolution from polyclonal B-cell expansion to oligoclonal/monoclonal B-cell predominance
to malignant B-cell transformation. Thus, most pSS-related lymphomas are B-cell non-Hodgkin
lymphomas (NHLs), with mucosa-associated lymphoid tissue (MALT) lymphomas predominating,
followed by diffuse large B-cell lymphomas (DLBCLs) and nodal marginal zone lymphomas (NM-
ZLs). Since lymphomagenesis is one of the most serious complications of pSS, affecting patients’
survival, a plethora of possible predisposing factors has been studied over the years, ranging from
classical clinical, serological, hematological, and histological, to the more recently proposed genetic
and molecular, allowing clinicians to timely detect and to closely follow-up the subgroup of pSS
patients with increased risk for lymphoma development. Overall predisposing factors for pSS-related
lymphomagenesis reflect the status of B-cell hyperactivity. Different clinical features have been
described for each of the distinct pSS-related B-cell NHL subtypes. While generally pSS patients
developing B-cell NHLs display a fairly good prognosis, outcomes in terms of treatment response
and survival rates seem to differ depending on the lymphoma subtype, with MALT lymphomas
being characterized by a rather indolent course and DLBCLs gravely affecting patients’ survival.

Keywords: Sjögren’s syndrome; lymphoma; biomarkers; MALT lymphoma; autoimmunity;
lymphoproliferation

1. Introduction

Primary Sjögren’s syndrome (pSS) is a systemic autoimmune disease characterized
by B-cell hyperactivity [1]. Lymphomagenesis in the setting of pSS is considered to be
a multi-step process arising from persistent polyclonal B-cell activation due to chronic
antigenic stimulation in the salivary glands (SGs) of pSS patients, which in turn leads to
oligoclonal/monoclonal B-cell expansion followed by the selection of premalignant B-cell
clones, which will eventually progress to lymphoma [1,2]. Lymphoepithelial sialadenitis,
the histologic hallmark of pSS, is characterized by a different lymphocytic composition
based on lesion severity, with the B-cell component predominating over T-cells in the more
severe lesions [3]. One could argue that this is not merely a histological finding since an
overt B-cell hyperactive state defines a phenotypically unique pSS patient subset with
features that have been recognized as predisposing factors for lymphomagenesis [1,4]. The
stepwise transition to lymphoma is also reflected by distinct serological findings, with poly-
clonal B-cell proliferation leading to autoantibody positivity and hypergammaglobulinemia,
and oligoclonal/monoclonal pre-malignant B-cell expansion resulting in cryoglobulinemia.

B-cell non-Hodgkin lymphomas (NHL) predominate among other hematological
malignancies reported in pSS patients [5,6], while not so often, the development of other
lymphoid malignancies, such as T-cell lymphomas or multiple myeloma, may occur [6,7].
While in the general population, the three most frequent B-cell NHL subtypes are diffuse
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large B-cell lymphoma (DLBCL) (40%), followed by follicular lymphoma (FL) (20%) and
marginal zone lymphoma (MZL) (7%) [8], the distribution changes in pSS patients, with
marginal zone mucosa-associated lymphoid tissue (MALT) lymphomas constituting the
most frequent B-cell NHL subtype (48.5–76%), followed by DLBCL (9–17%) and nodal MZL
(NMZL) (7–15%) [5,9–16]. There is, though, a subset of studies demonstrating DLBCLs
to be the most frequent lymphoma developing in the setting of pSS [17], while others
report a similar frequency of MALT lymphomas and DLBCLs [18]. This difference could be
attributed to the different nature of the studies, with cohort studies from Rheumatology or
other tertiary centers demonstrating MALT lymphomas as the predominant pSS-associated
lymphoma subtype, and epidemiological studies rendering similar frequencies of MALT
lymphomas and DLBCLs in the setting of pSS.

It has been demonstrated that pSS-related B-cell NHLs are not associated with viruses
[i.e., Epstein–Barr virus (EBV), Hepatitis C virus (HCV), human T-cell lymphotropic virus
1(HTLV-1)] known to be present in lymphomas arising in non-pSS patients [16]. Some of
the cytogenetic abnormalities [i.e., translocations t(14;18) or trisomies 18, 3, and 12), and
mutations of oncogenes (i.e., p53) described in non-pSS-related lymphomas have also been
described in lymphomas complicating pSS [16,19–21].

Overall, pSS seems to have a slight impact on patients’ survival compared to the
general population, with standardized mortality rates (SMR) ranging from 1.02 [95%
confidence interval (CI) 0.4–2.0] to 4.66 (95% CI 3.85–5.6) in different studies [15,22–26].
We should notice, though, that pSS patients who develop lymphoma tend to have higher
mortality rates compared to those without lymphoma. Namely, Theander et al. reported
that for pSS patients developing lymphoproliferative disorders, the SMR was as high as 7.89
(95% CI 2.89–17.18) compared to the general population of pSS patients with an estimated
SMR of 1.17 (95% CI 0.81–1.63) [26], while in the study by Voulgarelis et al., the SMR for pSS
patients with lymphoma was 3.25 (95% CI 1.32–6.76) compared to 1.08 (95% CI 0.79–1.45)
for those without lymphoma [15].

Despite the increase in mortality rates attributed to lymphoma, the prognosis of pSS
patients with B-cell NHL is generally favorable, and the overall survival (OS) rates are
rather high [5,11,12,15,17]. This could be attributed to the “benign” nature of the most
commonly observed MALT lymphomas, but considering the improved OS described in
more recent studies compared to those of the past years [5,11,12,14,15,17], we should
reflect on two possible contributing factors: (a) the improved therapeutic response after
the addition of rituximab in the administered regimens, and (b) the increased awareness
over the years of the predisposing factors that render pSS patients at increased risk for
lymphomagenesis, leading to more intensive follow-up and earlier lymphoma diagnosis,
as well as timely therapeutic intervention.

The latter is vividly reflected by the strenuous focus of the scientific community on
the definition and validation of biomarkers that could predict lymphoma development
in the setting of pSS. Apart from the classical predisposing factors (demographic, clinical,
serological, and histological) extensively studied, novel molecular and genetic biomarkers
are more recently reported, while the upcoming role of imaging studies as a tool for
lymphoma prediction also gains ground. Thus, in the first part of this review, we aim
to analyze the above-mentioned predisposing factors for lymphoma development in the
setting of pSS. The following part focuses on the distinct clinical characteristics of the
different B-cell NHL subtypes associated with pSS, while in the last part, the outcome of
pSS-related lymphomas, both in terms of response to treatment and survival, is reviewed.

2. Predisposing Factors
2.1. Demographic Features

It has been demonstrated that gender and age at pSS diagnosis may act as predisposing
factors for lymphoma development. In 1998, Ramos-Casals reported a higher incidence of lym-
phoma for pSS patients with disease onset at a young age (20 ± 34 years, mean 28 years) [27].
The majority of other published studies, though, do not support the notion that young age
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at pSS diagnosis is a predisposing feature for lymphoma development [6,18,28–30]. A recent
multicenter study, including 1997 pSS patients, demonstrated that pSS patients with disease
onset at an age of ≤35 years, as well as pSS patients with disease onset at an age of ≥65 years,
are at increased risk for lymphoma development compared to patients with disease onset at
an age of 35–65 years. Of note, the authors demonstrated two incidence peaks of lymphoma
for the early-onset pSS patients (≤35 years old), within 3 years of onset and after 10 years of
onset, while for late-onset pSS patients (≥65 years old), lymphoma was diagnosed within the
first 6 years [31].

The majority of published research supports an increased incidence of lymphoma for
male pSS patients compared to females [10,32–34], while a subset of studies reports no
such difference [30,35]. It should be noted, though, that in the general population as well,
NHL is slightly more common in men [36]. The male gender has been identified as an
independent predisposing factor for pSS-related lymphoma development in one study [33],
while Gondran et al. described that for male pSS patients who develop lymphoma, the time
interval between pSS and lymphoma diagnosis is shorter compared to females [37]. These
findings prompt us to consider whether gender itself acts as a lymphoma-predisposing
feature or whether male patients simply accumulate other characteristics that have been
validated as lymphoma risk factors. However, it has been demonstrated that there are
no differences in the frequencies of classical lymphoma predictors between males and
females [33]; further research is required.

2.2. Clinical Predisposing Factors

The most common clinical predictor for lymphoma development in the setting of pSS is
persistent salivary gland enlargement (SGE). The first report of SGE conferring an increased
risk for pSS-associated lymphoma development came in 1978 by Kasan et al. [Relative Risk
(RR) 66.7 for pSS patients with SGE vs. 12.5 for pSS patients without] [38]. Thereafter, SGE
has been validated as an independent risk factor for lymphoma development in multiple
series of pSS-related NHL patients [11,18,24,28,29,32,39–45]. Since SGE is present in about
one-third of pSS patients but only a subset of them develops lymphoma, Quartuccio et al.
demonstrated that for patients with SGE, the presence of additional prognostic markers
better defines the subgroup with increased risk for lymphoma development (namely, at least
two of the following: cryoglobulinemia, low C4, leukopenia, anti-La/SSB positivity) [42].
The duration of parotid gland swelling also affects the risk for lymphoma development,
with patients presenting parotid gland swelling for more than 12 months displaying a
higher risk for lymphomagenesis compared to those with swelling durations ranging from
2 to 12 months [46].

Cutaneous vasculitic manifestations related to cryoglobulinemia, such as palpable
purpura or skin ulcers, comprise another clinical entity independently associated with
increased risk for lymphoma development [6,14,18,24,25,39,44]. Of note, it has been demon-
strated that skin purpura is a clinical feature that can be used to distinguish patients with
active lymphoma [43]. Other immune complex-mediated clinical manifestations, such as
peripheral neuropathy [14,43] and glomerulonephritis [25,43,47], apart from their predic-
tive value for future lymphoma development, tend to co-exist with active lymphoma in
some pSS patients [43].

Lymphadenopathy, as a clinical manifestation of B-cell overactivity, has also been
reported to be a possible predisposing factor for lymphoma development, mainly in earlier
published studies [9,14,38,44,45], while only one study published in the last decade docu-
ments lymphadenopathy as a clinical predictor for lymphoma [29]. Splenomegaly [9,38]
and Raynaud’s phenomenon [29] have been proposed as predisposing factors for pSS-
associated lymphoma in fewer published studies.

2.3. Serological Predisposing Factors

The detection of serum IgMκ type II cryoglobulins has been demonstrated in almost
20% of pSS patients [48]. In 1996, Tzioufas et al. first proposed mixed monoclonal cryoglob-
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ulinemia as a serological marker predictive of pSS-related lymphoma development [49].
Ever since, cryoglobulinemia has been consistently reported in the published literature as a
strong predisposing factor for lymphomagenesis in the setting of pSS [9–11,40,42,50–52].
In a more recent study by Chatzis et al. cryoglobulinemia has been demonstrated to be
an independent prognostic factor, especially for pSS-associated MALT lymphoma [11]. Of
note, in a large cohort of 1083 pSS patients, among which 10.6% had cryoglobulinemia,
one-third of those who presented cryoglobulinemic vasculitis (CV) developed B-cell NHL
within the first 5 years of the CV course [53].

Other cryoglobulin-related serological markers, such as C3/C4 hypocomplementemia,
rheumatoid factor (RF) positivity, and the presence of monoclonal immunoglobulins, have
also been proposed as predictive factors for lymphoma development. Skopouli et al.
demonstrated low serum C4 levels (RR = 7.5, p = 0.0016) and cryoglobulinemia (RR = 7.9,
p = 0.0012) to be strong predictors of lymphoma development [25]. C4 hypocomple-
mentemia [9,10,18,24,25,29,32,42,43,50,52,54] is more frequently reported as a predisposing
factor for lymphoma compared to C3 hypocomplementemia [6,10,18,32,50]. Brito-Zerón
et al. reported low serum C4 levels as a prognostic serological marker for non-MALT
B-NHL and low serum C3 levels for MALT lymphoma [10]. RF positivity, especially with
concomitant C4 hypocomplementemia, is indicative of type II mixed cryoglobulinemia [49].
It has thus been associated with other predictors for lymphoma development and proposed
as a possible predisposing factor [29,41,49,50]. Though a subset of studies supported the
presence of monoclonal immunoglobulins as a serological finding conferring increased risk
for pSS-associated lymphoma [29,43,45], Gottenberg et al. demonstrated an association
only with pSS disease activity but not with lymphoma [55]. In an earlier study by Walters
et al., serum and urine immunoglobulin light chains and their kappa/lambda ratio have
been correlated with the burden of proliferating B-cells and have thus been proposed as
a possible lymphoma biomarker [56]. More recent research, though, supports that higher
levels of kappa- and lambda-free light chains associate only with higher pSS disease activity
and not lymphoma [55].

Though Fragkioudaki et al. reported the presence of Ro/La antibodies as an indepen-
dent predictor of pSS-related lymphoma [29], other studies of large pSS patients’ cohorts
did not support a statistically significant association between anti-Ro/La positivity and
lymphoma development [6,10,28,30]. A more recent study in a Greek cohort of 121 pSS-
associated lymphoma patients reported an increased frequency of anti-La positivity at pSS
diagnosis for patients subsequently developing MALT lymphoma compared to those that
did not (51% vs. 34%, p = 0.0049), though anti-La positivity was not eventually proven to be
an independent predisposing factor for MALT lymphoma development [11]. Of note, anti-
Ro/La negative pSS patients demonstrate a lower frequency of manifestations associated
with lymphoproliferation, as well as a lower risk of lymphoma development [57,58].

Higher baseline β2 microglobulin levels in pSS patients that subsequently developed
lymphoma have been reported in a Finnish pSS patients’ cohort [59]. A more recent study,
though, by Gottenberg et al., demonstrated that increased β2 microglobulin levels were
associated with increased pSS disease activity, but no association with lymphoma was
proven [55]. Notably, pSS patients with a history of lymphoma seem to maintain higher β2
microglobulin compared to those without lymphoma history [55].

Finally, Agmon-Levin et al. proposed a possible link between low vitamin-D levels
and lymphoma predisposition in pSS patients [60].

2.4. Hematological Predisposing Factors

Fewer data are available in the published literature regarding hematologic aberrations
as possible predisposing factors for pSS-related lymphoma. Theander et al. reported that
CD4+ T lymphocytopenia and a CD4+/CD8+ T-cell ratio ≤ 0.8 correlated with an increased
risk for DLBCL development in the setting of pSS [6]. In accordance, Baimpa et al. docu-
mented lymphocytopenia at pSS diagnosis as a predictive factor for DLBCL [9]. Leukopenia
and neutropenia have also been identified as hematological parameters that could be used
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to discriminate pSS patients at increased risk for lymphoma development [10,14,18]. Finally,
the presence of anemia has been correlated with DLBCL development in pSS patients [10].

2.5. Histological Predisposing Factors

The degree of inflammatory infiltration in the SG of pSS patients has been correlated
with systemic involvement and disease severity [61]. Moreover, B-cells predominate over
T-cells in more severe lesions, and as expected, their presence has been correlated with RF
positivity, cryoglobulinemia, and low serum C4 levels [3], serologic features associated with
increased risk for lymphoma development. High focus score (FS), defined as the number
of lymphocytic foci per 4 mm2 of the SG tissue, has been documented in high-risk pSS
patients who are more prone to develop systemic disease and have a poor outcome [62].
It also comprises a histological marker that can be used to discriminate the subset of pSS
patients at higher risk for lymphomagenesis. Carubbi et al. showed that minor SG FS could
be used as a prognostic histopathological feature for pSS-related lymphomagenesis [63].
Riselada et al. demonstrated that a minor SG FS ≥3 is an independent predictor of NHL
development [64]. The independent prognostic value of minor SG FS is also supported by
a more recent study additionally showing that patients who developed lymphoma with
a minor SG FS ≥ 4 at pSS diagnosis were characterized by statistically significant shorter
time intervals from pSS to lymphoma diagnosis compared to those with minor SG FS < 4
(4 vs. 9 years, respectively, p = 0.008) [65]. The same group also documented that FS is
an independent prognostic risk factor, especially for pSS-related MALT lymphoma [11].
We should note though that the above-mentioned studies assessed the prognostic value
of minor SG FS [64,65], while another subset of studies supports that that parotid gland
biopsy may be better for predicting early-stage lymphoma, given that pSS-associated
lymphoma often primarily occurs in the parotid gland [66–68]. Considering that minor
SG and parotid gland biopsy has been shown to have similar specificity and sensitivity
for pSS diagnosis [68], as well as diagnostic accuracy based on the American College of
Rheumatology–European League Against Rheumatism (ACR–EULAR) 2016 criteria [69],
further studies are needed to confirm whether they also display the same prognostic value
for lymphoma prediction in terms of FS.

One of the pSS hallmarks is antigen-driven B-cell activation and proliferation [70,71].
B-cell clones are detected with high prevalence in the SGs of pSS patients [72]. These
B-cell clones use a limited repertoire of immunoglobulin (Ig) variable heavy (VH) gene
repertoire homologous to RF [73,74]. It is believed that the locally produced IgG autoanti-
bodies in the SGs of pSS patients may form immune complexes, which in turn chronically
stimulate B-cells expressing RF B-cell receptors (BCRs) (as reviewed by Stergiou et al. [2]).
The majority of patients with pSS-associated SG MALT lymphoma express somatically
mutated BCRs that are selected for the monoreactive, high-affinity binding of IgG-Fc [75],
while SG lymphomas seem to express BCRs with strong RF homology more frequently
compared to MALT lymphomas arising in other anatomical sites (i.e., stomach, lung) [76].
The RF-expressing B-cell clones display antigen-dependent affinity maturation leading
to lymphomagenesis [77]. Bende et al. demonstrated, though, that the BCR repertoire
strongly biased towards stereotypic RFs in SG MALT lymphoma does not correspond to
a similar repertoire in the inflamed SGs of pSS patients, concluding that, in the latter, the
repertoire is based on a strong selection advantage of incidental stereotypic RF-expressing
B-cells [78]. Of note, it has recently been demonstrated that lymphoma driver mutations
are present in B-cells producing pathogenetic antibodies with RF activity [79]. The pres-
ence of RF-expressing B-cells may reflect a pre-lymphomatous condition in the setting of
pSS [49,80,81]. However, given the observation that B-cell clones are found in approximately
50% of sialadenitis lesions without morphological or clinical evidence of lymphoma [73,82],
further research is required to determine which of the patients with RF-expressing B-cell
presence in their SGs are those at a higher risk for lymphoma development.

Though the presence of germinal center (GC)-like structures reflects high pSS disease
activity [83], its prognostic value as a lymphoma predisposing factor remains controversial.
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A subset of studies supports the notion of increased lymphoma risk in pSS patients with
GC structures in their SG biopsies [54,84,85]. Theander et al. reported that for pSS patients
developing lymphoma, the median time from pSS to lymphoma diagnosis was 7 years for
those presenting GC-like structures in their diagnostic SG biopsy [54]. On the contrary, other
study groups demonstrated no association between ectopic GCs and risk for lymphoma
development [66,83,86]. This discrepancy could be attributed to the underestimation of
small GCs when an extensive immunohistochemical study is not applied in SG biopsies [87].
On the other hand, the overestimation of GC-like structures may result from the reliance
on CD21 staining alone for the detection of follicular dendritic cell (FDC) networks [88–91].
At this point, we should highlight that the histopathological evaluation both of GCs and FS
needs to be standardized when assessed in clinical trials in order to have more subjective
calculations and to avoid possible discrepancies in the reported results [90,92]. Moreover,
we should always consider the different sizes and characteristics of each study population
which could confer to discrepancies in the reported results.

Investigating the role of ectopic GCs in class switch recombination, Bombardieri et al.
described different activation-induced cytidine deaminase (AID) distribution patterns in
SG biopsies of pSS patients with and without lymphoma. In the SG of pSS patients without
MALT lymphoma, AID was expressed by follicular dendritic cells within ectopic GCs and
large B-cells residing in a T-cell-rich zone outside the ectopic GC. On the other hand, in the
SG of pSS patients with MALT lymphoma, AID expression was retained in residual GCs,
whereas neoplastic marginal zone-like B-cells were consistently AID-negative [89]. This
finding possibly reflects the multistep process toward lymphomagenesis.

The lymphoid organization in the SGs of pSS patients is mediated by lymphoid
chemokines. Barone et al. demonstrated in the SGs of pSS patients with MALT lymphoma
the lymphoid chemokines C-X-C motif chemokine ligand 13 (CXCL13) and C-C motif
ligand 21 (CCL21) are selectively associated with areas of reactive lymphoid proliferation,
while C-C motif ligand 21 (CXCL12) is observed predominantly in infiltrated ducts and
malignant B-cells. These findings suggest that in SG MALT lymphoma, the lymphoid
chemokines CXCL13 and CCL21 participate in the reactive lymphoid tissue organization,
whereas CXCL12 is possibly involved in the regulation of malignant B-cell survival [93].

2.6. Disease Activity as a Predisposing Factor

The quantification of pSS disease by the EULAR SS disease activity index (ESSDAI)
score incorporates a sum of domains, many of which have been shown to be independent
prognostic factors for lymphoma development. A characteristic example is that of cryoglob-
ulinemia, a validated strong predictor of pSS-related lymphoma. Cryoglobulin-positive
patients present significantly higher ESSDAI scores compared to those without cryoglob-
ulinemia [62,94]. This prompted researchers to investigate the effect of pSS activity on
the risk for lymphomagenesis. The ESSDAI score (after excluding the lymphadenopathy
domain) calculated at least 6 months before lymphoma diagnosis has been reported as an
independent predictor of lymphoma development [41]. Brito-Zerón et al. demonstrated
that the baseline ESSDAI score is associated with a higher risk of MALT lymphoma but not
for non-MALT B-NHL [23]. In accordance, Chatzis et al. identified the ESSDAI score (after
excluding the lymphadenopathy domain) calculated at pSS diagnosis as an independent
predictor for MALT lymphoma development [11]. On the contrary, De Vita et al. observed
no significant difference of the baseline ESSDAI score between pSS patients who developed
lymphoma and those who did not [40]. The glandular domain of the baseline ESSDAI has
been correlated with MALT lymphoma [23], while the glandular domain of the baseline
clinical ESSDAI has been associated with any type of lymphoma [13]. In a cohort of pSS
patients from Argentina, glandular and cutaneous ESSDAI domains have been associated
with increased lymphoma risk [13]. Non-MALT B-NHL development has been shown to
correlate with increased activity of the biological ESSDAI domain [10]. Of note, an increase
in the median ESSDAI score (after excluding the effect of the domain lymphadenopathy and
lymphoma) has been documented from baseline at pSS diagnosis (median 9, range 0–44)
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to the time of lymphoma diagnosis (median 18, range 2–50), with glandular and biological
domains showing a statistically significant increase in their value [11].

2.7. Molecular and Genetic Predisposing Factors

More recent research focuses on the identification of molecular and genetic predispos-
ing factors that could be used to discriminate pSS patients at a higher risk for lymphoma
development. These newly proposed lymphoma biomarkers relate in terms of pathophysi-
ology to B-cell differentiation, lymphoid organization, and immune responses.

2.7.1. Genetics

B-cell activating factor (BAFF) has been implicated in the pathogenesis of pSS, mainly
due to its essential role in B-cell regulation and proliferation [95]. Certain BAFF gene
polymorphisms have been associated with an increased risk for lymphomagenesis in
pSS patients [96]. Furthermore, the His159Tyr mutation of the BAFF receptor (BAFF-R)
shows increased prevalence in pSS-patients, particularly in those who develop MALT
lymphoma [97]. Of note, Papageorgiou et al. showed that this mutation was detected
in more than two-thirds of pSS patients who developed lymphoma with pSS diagnosis
between the ages of 31 and 40 years [97]. Pathophysiologically, it has been postulated that
the BAFF-R His159Tyr mutation confers a high risk for lymphoproliferation through the
activation of the Nuclear Factor-κB (NF-κB) signaling pathway [98].

Another protein implicated in NF-κB signaling regulation and associated with pSS-
related lymphomagenesis is A20, an enzyme with ubiquitination activity encoded by the
Tumor Necrosis Factor (TNF) Alpha Induced Protein 3 (TNFAIP3) gene. Somatic and
germline mutations of TNFAIP3 that lead to functional A20 protein abnormalities have
been detected in as many as 77% of pSS patients who developed MALT lymphoma [99].
Specifically, the rs2230926 exonic variant has been reported to confer increased lymphoma
risk [99], while one-fifth of pSS-lymphoma patients with disease onset at an age of ≤40
years were shown to carry this variant [100].

The activation of the G Protein-Coupled Receptor 34 (GPR34) through the phospho-
lipase A1 (PLA1) pathway in lymphoepithelial lesions may promote B-cell survival and
proliferation [101,102]. GPR34 translocations and mutations are specifically associated
with SG MALT lymphoma [103,104]. It has therefore been proposed that GPR34 activation
might constitute a link between LELs and SG MALT lymphomagenesis. The decreased
prevalence of the rs11797 A minor allele of Three Prime Repair Exonuclease 1 (TREX1), an
exonuclease involved in DNA repair and degradation, possibly resulting in a dampened
type I IFN production, has been described in pSS patients who developed non-MALT
lymphomas [105]. The functional Leukocyte immunoglobulin-like receptor A3 (LILRA3)
gene variant was shown to confer increased susceptibility to pSS-related lymphoma devel-
opment in patients with a disease onset of <40 years old [106]. Finally, the HLA complex
P5 (HCP5) rs3099844 variant has been reported to associate not only with anti-Ro/SSA and
anti-La/SSB positivity in the setting of pSS but also with lymphoma development [107].

2.7.2. Epigenetics

MicroRNAs (miRNAs) of the miR200 family targeting the Ro/SSA and La/SSB au-
toantigens have been implicated in pSS pathogenesis [108,109]. Downregulated miR200b-5p
expression in minor SGs has been shown to be a strong predictive biomarker for pSS-related
lymphoma, detected long before clinically overt lymphoma [110]. Apart from its predictive
value, miR200b-5p expression could be useful for monitoring and/or predicting the ther-
apeutic response to lymphoma treatment, since it seems to remain stable or decrease for
refractory to treat lymphomas and also reduce in the relapse setting [110].

Single-nucleotide polymorphisms (SNPs) of the methylene-tetrahydrofolate reductase
(MTHFR) gene, an enzyme essential in DNA synthesis and methylation, have been asso-
ciated with susceptibility to non-MALT NHL development in SS patients [111]. Reduced
levels of long interspersed nuclear elements (LINE-1) retroelements’ promoter methylation
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along with increased DNA methyltransferase (DNMT) 3B, DNMT1, and methyl CpG bind-
ing protein 2 (MeCp2), but reduced lymphoid-specific helicase (LSH) levels were detected
in pSS-low risk patients compared to pSS-lymphoma patients [112].

2.7.3. Gene Expression

SG epithelial cells from pSS patients exhibit down-regulated TNFAIP3 expression and
increased NF-κB activities compared to controls [113]. Moreover, the A20 protein shows
weaker staining in minor SGs with pSS-related lymphoma compared to pSS SGs without
lymphoma [114]. This observation implicates lymphocytic A20 down-regulation in the
pathogenesis of pSS-related lymphoma development.

Interferon (IFN) signaling aberrations have also been investigated as possible predis-
posing factors for pSS-related lymphomagenesis. A high IFNγ/IFNα mRNA ratio in diag-
nostic SG biopsies has been proposed as a novel histopathological predictive biomarker of
in situ lymphoma development [115]. High expression of IFN-stimulated gene 15 (ISG-15),
both in SGs and peripheral blood, has been shown to discriminate pSS patients with
lymphoma from those without [116].

The P2X7 receptor (P2X7R), which promotes inflammatory responses via the NLPR3
inflammasome, was found up-regulated in SG biopsies of patients with SS, stimulating IL-
18 production. This up-regulation was restricted to epithelial cells and correlated with the
presence of GC-like structures and an increased risk of MALT lymphoma development [117].
More recently, Vakrakou et al. demonstrated that SS patients at high risk for lymphoma
development and patients with pSS-associated lymphoma displayed a unique NLRP3
inflammasome gene signature in peripheral blood mononuclear cells and increased levels
of IL-18 [118]. Chronic inflammation and macrophages in SS minor salivary glands have
been previously suggested as significant predictors for lymphoma development among pSS
patients [119]. Lipoprotein-associated phospholipase A2 (Lp-PLA2) is a product mainly of
tissue macrophages. Serum Lp-PLA2 activity and Lp-PLA2 expression in MSG tissues are
increased in pSS-lymphoma patients compared to pSS patients without lymphoma [120].

2.7.4. Proteins

BAFF levels could be used for the identification of prelymphomatous stages in pSS,
since increased BAFF levels discriminate clonal B-cell expansion from polyclonal B-cell pro-
liferation, while even higher levels characterize pSS patients with active lymphoma [52,121].
Interestingly, for pSS patients who have developed lymphoma and received treatment,
BAFF levels remain high even years after lymphoma remission [55], a finding suggestive of
a genetic origin of such a persistent increase.

Fms-like tyrosine kinase 3 (Flt-3) is a membrane-bound tyrosine kinase receptor,
that, upon binding to an Flt-3 ligand (Flt-3L), is activated and mediates the survival,
proliferation, and differentiation of hematopoietic progenitor cells [122]. In the setting of
pSS, elevated serum Flt-3L levels have been associated with disease activity and lymphoma
development [123,124]. Of note, Flt-3L levels are elevated long before lymphoma diagnosis
(up to 94 months, mean 46 months) [125]. CXCL13, a chemokine expressed by FDC, stromal
cells, monocytes, and macrophages, holds a pivotal role in lymphoid development and
organization, mainly in secondary lymphoid tissues [126]. Several studies report that serum
CXCL13 levels correlate with pSS disease activity and are increased in pSS patients with
lymphoma [52,125,127]. One study also demonstrated a trend towards a higher serum
CCL11 level for pSS-lymphoma patients [52]. Thymic stromal lymphopoietin (TSLP) is
an epithelial cell-derived cytokine implicated in immune response regulation, which also
demonstrates B-cell growth factor activity [128]. In pSS, the transition from benign to
malignant lymphoproliferation is characterized by a progressive increase in serum TSLP
levels [129]. Gandolfo et al. validated in a multicenter study that serum TSLP levels
increase in pSS pre-lymphomatous conditions, reaching their peak values in pSS patients
with active NHL [130].
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A schematic presentation of the newly proposed molecular and genetic predisposing
factors for pSS-related lymphoma development and their pathophysiologic role is presented
in Figure 1.
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2.8. Imaging-Defined Predisposing Factors

The effective detection of typical pSS SG structural abnormalities through SG ultrasonog-
raphy (SGUS) has recently gained attention [131]. The retrospective studies of Theander
et al. and Coiffier et al. reported that SGUS can identify patients at risk of developing lym-
phoma [132,133]. Lorenzon et al. prospectively assessed the OMERACT score in pSS patients
with clinical findings suspicious for lymphoma development, who subsequently underwent
US-guided core-needle biopsy. A higher OMERACT score and a more inhomogenous glandu-
lar pattern were documented in pSS patients diagnosed with lymphoma after the core-needle
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biopsy. For focal lesions, the authors identified eight suspicious lymphoma features (OMER-
ACT grade 3, very hypoechoic, homogenous, oval shape, well-defined margins, presence of
septa, color-Doppler vascularization, posterior acoustic enhancement), showing that the si-
multaneous presence of 6/8 and 7/8 features was significantly higher among pSS-lymphoma
patients compared to pSS patients without lymphoma [134]. Overall, SGUS is considered to
be the imaging modality of choice for the assessment of the SG parenchyma in patients with
pSS, as well as for the identification of lesions suspicious for lymphoproliferative disease that
need further histological assessment [135].

Magnetic resonance imaging (MRI) findings display good agreement with SGUS for
pSS diagnostic work-up [136,137]. It should be noted, though, that the features of benign
and malignant SG lesions in pSS seem to overlap in MRI [136,137], rendering this imaging
technique ineffective for the identification of lymphoma. A single study reports that parotid
gland solid cystic features could discriminate MALT from non-MALT lymphomas [138].

Bădărînză et al. investigated the role of bidimensional shear wave elastography in
the identification of pSS parotid NHL, identifying features characteristic of parotid gland
MALT lymphoma (hyperechoic bands in more than half of the glandular parenchyma,
large hypoechoic area > 20 mm, traced gland area over 5 cm2, parotid US score greater than
13, and high stiffness, all p < 0.001). These features were shown to have high sensitivity
(92.3%), specificity (100%), and positive (100%) and negative predictive values (98.3%) for
NHL identification [139].

Since lymphadenopathy is a rather common clinical finding in pSS patients, contempo-
rary imaging modalities could be used to distinguish patients with active lymphoma. To this
end, Cohen et al. demonstrated that positron emission tomography/computed tomography
(PET/CT) could be a useful diagnostic tool in the setting of pSS lymphadenopathy, since
lymph node FDG uptake is marginally higher in pSS patients with lymphoma compared to
those without lymphoma [maximum standardized uptake value (SUVmax) = 5.4 vs. 3.2,
p = 0.05] [140]. In a more recent retrospective study by Keraen et al. a parotid gland
SUVmax of ≥4.7 and/or the presence of focal lung lesions were associated with lymphoma
diagnosis [141].

A summary of the proposed predisposing factors for B-cell NHL development in the
setting of pSS is described in Table 1.

Table 1. Proposed predisposing factors for B-cell NHL in pSS.

Classical Newly Proposed

Clinical

SGE [11,18,24,28,29,32,38–45]
Skin vasculitis/Palpable purpura

[6,14,18,24,25,39,43,44]
Lymphadenopathy [9,14,29,38,44,45]

Splenomegaly [9,38]
Raynaud [29]

Peripheral nerve involvement [14,43]
Glomerulonephritis [25,43,47]

Disease
activity ESSDAI [11,23,41]

Serological

Cryoglobulinemia [9–11,25,40–42,49–51]
RF positivity [29,41,49,50]

Anti-Ro/SSA [29,142]
Anti-La/SSB [29,42,142]

Low serum C4 levels
[6,9,10,18,24,25,29,32,41–43,50]

Low serum C3 levels [6,10,18,32,50]
Monoclonal Igs [10,29,43,45]

Hypergammaglobulinemia [18,45,50]
Serum and urine Ig light chains and their

kappa/lamda ratio [143]
β2 microglobulin [55,59]

Genetics

BAFF polymorphisms [96]
BAFF-R His159Tyr mutation [97,98]

TNFAIP3 variants [99,100]
GPR34 translocations/mutations [103,104]

TREX variants [105]
LILRA3 variant [106]

HCP5 rs3099844 variant [107]

Epigenetics
Low miR200b-5p levels in MSGs [110]

MTHFR SNPs [111]
LINE1-retroelements [112]
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Table 1. Cont.

Classical Newly Proposed

Hematological

Anemia [10,14,18]
Leukopenia [18,42]

Lymphopenia [9,14,18,41]
Neutropenia [9]

CD4+ T lymphopenia [6]
Low CD4+/CD8+ ratio ≤ 0.8 [6]

Gene expression

Decreased A20 expression in MSGs [113,114]
High IFNγ/IFNα mRNA ratio in MSGs [115]

High ISG-15 expression [116]
P2X7R-inflammasome complex [117]

Increased Lp-PLA2 [120]

Histological
Ectopic GCs [54,85]
MSG FS [11,64,65]

AID distribution in ectopic GCs [89]
Proteins

Increased BAFF serum levels [52,55,121]
Increased FLT-3L serum levels [123,124]
Increased CXCL13 serum levels [52,125]

Increased serum TSLP levels [130]

Imaging

SGUS: OMERACT score, hypoechoic lesions
[132–135]

PET/CT: SUVmax of ≥4.7 and/or focal lung
lesions [141]

AID, activation-induced cytidine deaminase; BAFF, B-cell Activating Factor; BAFF-R, BAFF Receptor; CXCL13,
C-X-C motif chemokine ligand 13; ESSDAI, EULAR Sjögren Syndrome Disease Activity Index; FLT-3L, Fms-like
tyrosine kinase 3 Ligand; FS, Focus Score; GC, Germinal Center; GPR34, G Protein-Coupled Receptor 34; HCP5,
HLA complex P5; IFN, interferon; Ig, immunoglobulin; ISG-15, IFN-stimulated gene 15; LINE-1, long interspersed
nuclear elements 1; Lp-PLA1, Lipoprotein-associated phospholipase A2; miR, micro-RNA; MSGs, Minor Salivary
Glands; MTHFR, Methylene-Tetrahydrofolate reductase; P2X7R, P2X7 receptor; PET-CT, Positron Emission
Tomography/computed Tomography; RF, Rheumatoid, Factor; SGE, Salivary Gland Enlargement; SGUS, Salivary
Gland Ultrasonography; SUVmax, maximum Standardized Uptake Value; TNFAIP3, Tumor Necrosis Factor
Alpha Induced Protein 3; TREX, Three Prime Repair Exonuclease 1; TSLP, Thymic Stromal Lymphopoietin.

2.9. Predictive Models for Lymphoma Development

To improve the lymphoma risk stratification of pSS patients, models combining in-
dependent predisposing factors have been developed. Ioannidis et al. first proposed that
the simultaneous presence of palpable purpura and low C4 levels at the initial evaluation
could be used to distinguish pSS patients at high risk for lymphoma development from
those at low risk [24]. Baimpa et al. constructed a prognostic model for pSS-associated
MALT lymphoma based on the presence of five features, clinical, serological, and hemato-
logical as follows: cryoglobulinemia, neutropenia, low C4 levels, lymphadenopathy, and
splenomegaly. The proportion of pSS patients who were diagnosed with MALT lymphoma
by the number of predisposing features was 3.62%, 11.96%, 34.78%, 80%, and 100%, for
patients with 0, 1, 2, 3, and 4 features, respectively [9]. Baldini et al. also developed a
“bedside” clinical prediction model for the identification of high risk for lymphoma devel-
opment in pSS patients, based on the presence of SGE, low C4 and/or C3 levels, and disease
duration [32]. A predictive risk score for pSS-related NHL was developed by Fragkioudaki
et al., including those features shown to be independent predictors for lymphoma devel-
opment in their study: SGE, lymphadenopathy, Raynaud’s phenomenon, anti-Ro/SSA
or/and anti-La/SSB positivity, RF positivity, the presence of monoclonal immunoglobulins,
and C4 hypocomplementemia. The probability for NHL development was 3.8% for patients
with fewer than two features, and 39.9% for those with three to six features, while the
corresponding probability reached 100% in the presence of all seven features [29]. More
recently, an attempt to combine classical clinical and serological predisposing factors for
pSS-related lymphomagenesis with genetic variants has been undertaken [144].

2.10. “One Size Fits All?”: Distinct Predisposing Factors for Different Patient Subgroups and
Lymphoma Subtypes, Predisposing Factors Detected at Different Time-Points before
Lymphoma Development

Different predictive factors for lymphoma development have been shown to apply to
pSS patients of different ages at disease onset. Regarding classical predisposing factors, cryo-
globulinemia, C4 hypocomplementemia, lymphadenopathy, and SGE have been indepen-
dently related to lymphomagenesis for pSS patients with disease onset at an age ≤ 35 years,
while SGE, C4 hypocomplementemia, and the male gender were independently associated
with lymphoma development for those with pSS onset at an age ≥ 65 years [31]. As for the
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more recently proposed lymphoma biomarkers, the TNFAIP3 rs2230926 variant and the
functional LILRA3 gene variant could apply for the pSS patient subgroup with disease onset
at an age ≤ 40 years [100,106], while BAFF-R His159Tyr mutation for the subgroup with
disease onset between 31 and 40 years of age [97]. No significant differences in lymphoma
predisposing factors have been so far described between female and male patients, despite
the tendency of men to present more often SGE and lymphadenopathy [33,34].

Since the different pSS-related B-cell NHL subtypes are characterized by significantly
different disease severity and prognosis, it is important to define subtype-specific pre-
disposing factors, especially given the dismal outcomes of pSS patients with DLBCL. As
summarized in Table 2, cryoglobulinemia, neutropenia, low serum C4 levels, low serum C3
levels, lymphadenopathy, splenomegaly, FS at pSS diagnosis, and ESSDAI at pSS diagnosis
have been specifically correlated with MALT lymphoma development, while lympho-
cytopenia, a CD4+/CD8+ T-cell ratio ≤0.8, anemia, and low serum C4 levels have been
proposed as predisposing factors for DLBCL development [6,9–11,18].

Table 2. Proposed different predisposing factors for pSS-related MALT lymphoma and DLBCL.

MALT Lymphoma DLBCL

Cryoglobulinemia [9,11]
FS [11]

ESSDAI at pSS diagnosis [11]
Neutropenia [9]

Low serum C4 levels [9,18]
Low serum C3 levels [10,18]

Lymphadenopathy/Splenomegaly [9]

Lymphocytopenia [9,18]
CD4+/CD8+ T-cell ratio ≤ 0.8 [6]

Anemia [10]
Low serum C4 levels [10]

ESSDAI, EULAR Sjögren Syndrome Disease Activity Index; FS, Focus Score.

Certain predisposing factors could be detected a long time before lymphoma develop-
ment (Figure 2). The reported median time from the expression of a feature to lymphoma
development could lead to the monitoring of pSS patients. Specifically, the median time to
lymphoma diagnosis has been documented to be 108 months for SGE [38], 88 months for
CD4+ lymphocytopenia [6], 84 months for lymphadenopathy/splenomegaly [38], 84 months
for histologically detected GC-like structures [54], 68 months for an FS ≥ 3 [64], 48 months for
an FS ≥ 4 [65], and 8 months for mixed monoclonal cryoglobulinemia [49]. Among the more
recently proposed biomarkers, serum Flt-3L levels have been found to increase at a median time
of 46 months before lymphoma diagnosis, [124], and low miR200p-5b expression in SGs can be
detected at a median time of 36 months before lymphoma [110].

3. Clinical Picture

The different B-cell NHL subtypes arising in patients with underlying pSS display
a distinct clinical picture. Though for the majority of the patients, lymphoma diagnosis
follows pSS diagnosis [5,11,12,17,145], for a subset of patients, lymphoma diagnosis pre-
cedes pSS diagnosis [5,17]. Vasaitis et al. demonstrated in a cohort of 107 patients with
pSS-related lymphoma that 17% of them had pre-existing lymphoma before pSS diagnosis
and that the features discriminating them from pSS patients with lymphoma following
pSS diagnosis were the male gender and lymph node enlargement [146]. In the following
sections, we analyze the clinical features of the most frequently reported B-cell NHLs
developing in the setting of pSS (summarized in Figure 3).
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3.1. MALT Lymphomas

Overall, pSS patients diagnosed with MALT lymphoma are of younger age and have
a shorter disease duration compared to pSS patients diagnosed with other lymphoma sub-
types [5,11,12,17]. It should be noted, though, that the reported median ages at lymphoma
diagnosis vary in different pSS cohorts. Namely, regarding the most recently published
studies, in a large single-center Greek cohort of 121 pSS-lymphoma patients, the median
age of MALT lymphoma diagnosis was 57 years [11], while in the largest multicenter
cohort of 376 pSS-lymphoma patients the median age of MALT lymphoma diagnosis
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was 49.5 years [5]. In different cohorts, the reported median disease duration from pSS
onset to MALT lymphoma diagnosis is approximately 7 years [11,17], and the estimated
median disease duration from pSS diagnosis to MALT lymphoma diagnosis ranges from
2 to 5 years [11,12,17]. Immunosuppressive treatment for pSS before lymphoma diagnosis
does not seem to affect the risk of MALT lymphoma development [12].

The most common sites of MALT lymphoma development are the minor SGs and
the parotid gland [5,11,12,17], leading to the clinical feature of SGE. Other less frequently
involved sites are the stomach, the eyelid-ocular adnexa, the lung, the thymus, the soft
palate, and the skin [5,11]. For the subset of patients with gastric MALT lymphoma,
concurrent H. pylori infection is reported in 42% to 75% of cases [11,15]. The majority
(68–77%) of pSS patients diagnosed with MALT lymphomas have stage I disease mainly
confined to the SGs [5,11,12,15,17]. Overall, limited stage I and II disease has been reported
for 62.8% to 77.2% of MALT lymphoma cases [11,12,15]. In cases with nodal involvement,
reported in 20.6% to 30% of pSS-MALT lymphoma patients, it has been demonstrated
that mainly cervical lymph nodes are involved [11,15]. Splenomegaly is an infrequent
manifestation (5% to 7%), while the reported incidence of bone marrow (BM) involvement
shows diverse rates (17% to 29%) in different cohorts [11,12,15]. Advanced stages of disease,
namely stage III and IV by Ann-Arbor staging, have been documented in 22.8% to 37.3%
of cases of MALT lymphoma patients [11,12]. MALT lymphomas involving more than
one extranodal site are also described in about 20% of cases [11,14,15]. The most frequent
sites of concomitant extranodal involvement are the minor SG and parotid [11] and the
minor SG and stomach [11]. Regarding the laboratory profile, MALT lymphoma cases often
present anemia (31–59.7%), lymphopenia (34–41.2%), and monoclonal immunoglobulins
(31.4–40.6%) [11,12,15].

MALT lymphomas in the setting of pSS are characterized by lower international
prognostic index (IPI) scores compared to other lymphoma subtypes [11,12,15], reflecting
the less aggressive nature of this B-cell NHL subtype.

3.2. DLBCL

The majority of pSS-related DLBCL cases are of the non-GCB subtype [142,145]. It has
been documented that a subset of DLBCLs is the result of the transformation of pre-existing
MALT lymphomas [11,16,18]. This prompts us to consider that in the latter case, pSS pa-
tients may undergo the necessary work-up for lymphoma diagnosis only when lymphoma
symptomatology is rather intense, with cases of asymptomatic lymphomas, mainly of the
MALT lymphoma subtype, being underdiagnosed and histologically documented after
their transformation to high-grade B-cell NHL. Gorodetskiy et al. addressed the question
of the clonal relationship between MALT lymphomas and DLBCL in the setting of pSS,
proving that in the majority of cases, the two subtypes are clonally related, demonstrating
that DLBCL is the result of the progression/transformation of a pre-existing MALT lym-
phoma [143]. Comparing the frequency of DLBCLs in a Swedish cohort of pSS patients to
the frequency in the general population, Vasaitis et al. report no significant difference [17].

Compared to pSS patients with MALT lymphomas, pSS patients diagnosed with
DLBCLs are older (median age 53.3 to 71 years) [5,11,12,15,17], with a longer disease
duration from pSS onset to DLBCL diagnosis (median 14 to 20.5 years) [11,17,145] and
from pSS diagnosis to DLBCL diagnosis (median 8 to 14 years) [11,12,17,145]. In the case of
DLBCL, there is commonly nodal involvement, mainly of the neck and axillae, though more
generalized lymphadenopathy involving the mediastinal and abdominal lymph nodes has
also been reported [11]. Glandular enlargement is not so common, affecting up to 16%
of pSS patients diagnosed with DLBCL [5]. Limited (stage I and II) is reported in 25% to
54.5% of DLBCL cases, while advanced stage disease (stage III and IV) is reported in 45.5%
to 75% of the cases [11,12,15]. The concomitant involvement of more than one extranodal
site is not so frequently described, ranging from 9% to 16.7% of DLBCL cases [11,12]. pSS
patients with DLBCL present more often B symptoms compared to patients with MALT
lymphomas [5,11,12]. Compared to other pSS-related lymphoma subtypes, DLBCL patients
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present more often with anemia [12,127], while cryoglobulinemia has also been reported as
a frequent serological feature [145].

DLBCL patients generally present higher IPI scores at lymphoma diagnosis compared
to other lymphoma subtypes [11,12,15]. However, in 2015, Papageorgiou et al. documented
an intermediate-high and high IPI in 58.3% of pSS-DLBCL patients; more recently, Chatzis
et al. reported a lower rate of 36.4% [11,12].

3.3. Nodal Marginal Zone Lymphomas

The third most commonly reported B-cell NHL developing in pSS patients is NMZL,
with reported rates ranging from 7% to 15% of all reported lymphoma subtypes [5,11,12,15].
The median age of pSS patients at NMZL diagnosis ranges from 54 to 56 years [5,11,12,15],
while the reported median disease duration from pSS to NMZL diagnosis ranges from
6.5 to 12 years [11,12,15]. The main clinical presentation of NMZL is that of peripheral
lymphadenopathy [5,11,12,15]. NMZLs are usually of an advanced stage, III 50–75% or
IV 25–50% by Ann Arbor staging [11,12,15]. Splenomegaly is rather common, regarding
50–75% of NMZL cases [11,12,15], while BM involvement is not so frequent, with some
studies documenting no patients with BM and others documenting a rate of 25% [11,12].
Constitutional symptoms are a common clinical finding in 12.5% [12]. Palpable purpura is
reported in up to 50% of patients with NMZL [12,15]. Compared to patients with MALT
lymphomas, patients with NMZL present more frequently cryoglobulinemia, anemia, and
lymphopenia [15]. Leucopenia and thrombocytopenia are also described in a subset of
patients [12,127].

The reported IPI for NMZL is usually higher than that reported for MALT lym-
phomas, with 25–50% of cases having a low-intermediated IPI and 50–75% of cases having
intermediate-high or high IPI [11,12].

3.4. Other B-Cell NHLs

Less frequently, pSS patients are diagnosed with chronic lymphocytic leukemia/small
lymphocytic lymphoma (CLL/SLL), FL, and lymphoplasmacytic lymphoma [5,11,12,15].
CLL/SLL diagnosis may be incidental, and the SGs are not so often infiltrated by the
neoplastic lymphoid population [5]. Hernandez-Molina et al. reported that CLL and
FL diagnosis may precede pSS diagnosis in 9.3% and 7% of patients, respectively [5].
Voulgarelis et al. reported that these lymphoma subtypes are characterized by the relative
absence of lymphopenia and the notable absence of cryoglobulinemia and purpura before
their diagnosis [15].

4. Outcome

The outcome of pSS patients diagnosed with B-cell NHL varies based on lymphoma sub-
type and treatment approach. Response rates to treatment also differ among the different B-cell
NHL subtypes, while over the years, the addition of rituximab in the applied treatment protocols
has conferred better outcomes. Overall, pSS patients with MALT lymphomas demonstrate
better OS and event-free survival (EFS) rates compared to patients with DLBCLs.

4.1. Response to Treatment

Data regarding the treatment outcomes of pSS-related lymphomas in the pre-rituximab
era are described in the studies of Royer et al. [16] and Voulgarelis et al. [14], with the main
treatment modalities being chemotherapy alone or combined with surgical excision and
radiotherapy. The latter study provided specific information on the treatment and outcome
specifically of MALT lymphomas. pSS-lymphoma patients requiring therapy received
chemotherapy alone [Cyclophosphamide, Hydroxydaunorubicin, Oncovin, Prednisone
(CHOP) regimen, Cyclophosphamide, Oncovin, Prednisone (COP) regimen, Chlorambucil],
chemotherapy in combination with surgical excision or radiotherapy, surgical excision
alone, or radiotherapy alone. It has been described that a percentage as high as 80%
achieved complete remission (CR), while most of the patients with low-grade lymphoma
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tended to sustain a long-term remission. The subset of patients that relapsed with low-
grade lymphoma achieved a second remission after the second-line treatment. Deaths
related to lymphoma were noticed in the high-grade lymphoma group [14].

For pSS patients diagnosed with MALT lymphomas a “watch and wait” approach
may be applied [11,15]. Though the majority of these patients eventually require treatment,
mainly due to MALT lymphoma progression [11]. Based on the symptomatology and the
bulk of the disease, symptomatic patients or patients with advanced-stage disease may re-
ceive rituximab monotherapy or a combination of rituximab with chemotherapy [11,12,15].
For local disease radiation or surgical excision, approaches have been applied [11,12,15].
We should note that for the subset of patients presenting with gastric MALT lymphoma
and concurrent H. pylori infection, the administration of antibiotic treatment may lead to
lymphoma regression in some cases [15,16].

Overall, CR rates after first-line treatment for MALT lymphomas range from 68%
to 94% [5,12,15]. Papageorgiou et al. reported that for MALT lymphoma cases, ritux-
imab monotherapy yielded a CR rate of 71.4%, while the combination of rituximab with
chemotherapeutic agents (CHOP, COP, Fludarabine, Cyclophosphamide) yielded CR rates
ranging from 70% to 100% [12]. It should be noted that first-line treatment with rituximab
combined with chemotherapy leads to variable CR rates, depending on the chemother-
apeutic agents used (83.3% for R-CHOP, 70% for R-Fludarabine, 100% for R-COP, 50%
for R-Cyclophosphamide) [12]. Despite the high CR rates with rituximab monotherapy,
a subset of pSS patients with MALT lymphoma may relapse, requiring second-line treat-
ment [11]. In the study of Chatzis et al., of the 27 patients that received only rituximab
as the first-line therapy for MALT lymphoma, 8 patients relapsed after achieving CR,
3 patients showed progression requiring treatment after achieving partial remission (PR),
and 1 patient showed stable disease (SD) and received second-line treatment [127]. Among
the MALT lymphoma patients that required second-line treatment for MALT lymphoma,
either due to relapse or disease progression after PR, approximately 84% achieved CR [11].

For pSS patients diagnosed with DLBCL, the usual therapeutic approach is that of
chemo-immunotherapy (predominantly R-CHOP) [12,15]. The reported overall CR rates
range from 66.7% to 87% [5,12,15]. Relapse after first-line therapy for DLBCL occurs in about
one-third of patients [5]. Interestingly, the CR rates reported for pSS patients with NMZL
after first-line treatment demonstrate a rather wide range from 33% to 85% [5,12]. Among
pSS-associated B-NHL subtypes, NMZLs demonstrate the highest relapse rates [5,15].

Regarding the involved sites, it has recently been reported that patients diagnosed
with SG lymphoma demonstrate higher response rates compared to those with extra-SG
lymphoma (94% vs. 74%) [5]. This finding could be attributed to the SG involvement in the
most frequently observed MALT lymphoma cases, which generally display a more “benign”
course compared to other lymphoma subtypes with more frequent extra-SG involvement.

Lymphoma treatment does not only result in lymphoma control, but it also seems
to affect the immunological profile of pSS patients. For patients with cryoglobulinemia
and the related manifestations of palpable purpura, glomerulonephritis, and peripheral
neuropathy at NHL diagnosis, a statistically significant decline in cryoglobulin levels has
been reported after NHL treatment, with a concurrent improvement of the related clinical
manifestations [15]. It seems, though, that pre- and post-treatment complement levels
remain stable in these patients [15].

4.2. Survival

Over the years, survival rates for pSS patients diagnosed with B-NHL lymphomas have
improved, probably due to the addition of rituximab in the treatment modalities. In the
pre-rituximab era, the reported median survival was as low as 1.83 years for pSS patients
with intermediate-high-risk lymphomas and 6.33 years for those with low-risk lymphomas,
with a 5-year OS of 48% for the high-risk group and of about 70% for the low-risk group [14].
More recent studies, including patients that have received rituximab-containing regimens,
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demonstrate a noteworthy improvement in survival rates, with a median OS after lymphoma
diagnosis of 6 years for DLBCL and 13 years for MALT lymphoma patients [17].

Papageorgiou et al. demonstrated that the 5-year OS was 90.91% and the EFS was
77.92% [12]. In the largest published cohort of 414 pSS patients who developed hemato-
logical neoplasia with a mean follow-up of 8 years, the authors report a death rate of 16%
for patients with B-cell NHL and a 5-year OS of 86.5% [5]. Chatzis et al. reported a 5-year
OS of 91% for MALT lymphomas, 54.5% for DLBCLs, and 62.5% for NMZLs, while in the
same study, the 10-year OS was estimated to be 79% for MALTL, 40,9% for DLBCL, and
46% for NMZL [11]. In the same study, though, the EFS rates documented were rather
low, namely 45.5% for MALT lymphomas, 24.2% for DLBCLs, and 31% for NMZLs (with
an event being defined as lymphoma progression, lymphoma relapse, treatment failure,
histologic transformation, treatment initiation after a “watch and wait” approach, devel-
opment of a second lymphoma or death by any cause) [11]. Given the above, we should
note that, especially for MALT lymphomas, despite the very favorable OS rates, frequent
events seem to complicate their course, and this prompts us to consider that these patients
should be under close monitoring for further complications. In a cohort of 18 patients with
pSS-related DLBCL, Gorodetskiy et al. reported very dismal outcomes, with a median OS
of 3 months and a 5-year OS of 37.5% [145]. The main studies reporting the survival rates
for pSS patients who developed B-cell NHLs are summarized in Table 3.

Table 3. Survival rates for pSS-related B-cell NHLs described in different studies over the years.

Median OS

Pre-Rituximab era Low-risk lymphomas: 6.33 years
Intermediate/High-risk lymphomas: 1.83 years [14]

Post-Rituximab era MALT lymphomas: 13 years
DLBCLs: 6 years [17]

5-year OS

Pre-Rituximab era Low-risk lymphomas: 70%
Intermediate/High-risk lymphomas: 48% [14]

Post-Rituximab era

All lymphoma subtypes: 90.91% [12]

All lymphoma subtypes: 86.5% [5]

MALT lymphomas: 94.1%
DLBCLs: 75%
NMZLs: 87.5%

[12]

MALT lymphomas: 91%
DLBCL: 54.5%
NMZLs: 62.5%

[11]

5-year EFS

Post-Rituximab era

MALT lymphomas: 86.2%
DLBCLs: 50%
NMZL: 62.5%

[12]

MALT lymphomas: 63.6%
DLBCLs: 45.4%
NMZL: 62.5%

[11]

10-year OS

Post-Rituximab era
MALT lymphomas: 79%
DLBCLs: 40.9%
NMZLs: 46%

[11]

10-year EFS

Post-Rituximab era
MALT lymphomas: 45.5%
DLBCLs: 24.2%
NMZLs: 31%

[11]

DLBCL, Diffuse Large B-Cell Lymphoma; EFS, Event-Free Survival; MALT, Mucosa Associated Lymphoid Tissue;
NMZL, Nodal Marginal Zone Lymphoma; OS, Overall Survival.
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Higher ESSDAI at lymphoma diagnosis confers a greater risk for death or an event,
while it is also associated with worse 5-year EFS and OS. Patients that do not achieve
an ESSDAI improvement post-chemotherapy are more probable to experience an event.
Another factor negatively affecting 5-year EFS and OS is IPI, which retains a significant
prognostic effect on survival outcomes [12]. An increased risk of death by lymphoma has
been reported for pSS patients with low serum C4 levels and purpura [24].

In general, patients diagnosed with SG lymphoma demonstrate a lower mortality rate
compared to those with extra-SG lymphoma (3% vs. 18%) [5]. Deaths are mainly attributed
to B-cell NHL progression, infections, and chemotherapy-related complications [5,11,12,15].
The transformation of MALT lymphoma to DLBCL is a frequently described cause of
death [18].

5. Conclusions

Lymphoma development is recognized as the most serious complication of pSS. Over-
all, SGE and cryoglobulinemia are the best validated predisposing factors for pSS-associated
lymphoma development. The plethora of newly proposed molecular and genetic biomark-
ers for lymphoma in the setting of pSS definitely needs further validation in future studies.
Research should focus on the question of whether different predisposing factors (classical
or novel ones) apply to different pSS patient subgroups. Though composite scores for
lymphoma prediction have been proposed, their value should be tested, while an effort to
create more sophisticated prediction models integrating new molecular biomarkers into
classical lymphoma predictors should be undertaken. Moreover, we should also consider
the assessment of certain quantifiable disease features (i.e., ESSDAI), not only at pSS di-
agnosis but at a continuum during patient follow-up since their change over time may
indicate an increased risk for lymphomagenesis. We should moreover comment that the
proposed predisposing factors for B-cell NHLs associated with pSS probably apply more for
the MALT lymphoma subtype since, after all, it is the prevalent one. Given the unfavorable
prognosis of high-grade B-cell NHLS, an effort to define distinct biomarkers for distinct
pSS-related lymphoma subtypes should be considered, especially in the case of the more
aggressive DLBCL subtype. We should note though that this may be practically difficult
due to the fewer reported cases compared to MALT lymphoma.

Even though the published literature extensively focuses on predisposing factors for
pSS-related lymphoma, few studies describe in detail the clinical picture of the different B-
cell NHL subtypes, which irrefutably shows marked differences. A better description of the
distinct clinical picture of each B-cell NHL subtyped might lead to increased awareness for
clinicians and support more effective lymphoma staging approaches. Furthermore, there is
a paucity of data regarding the “standard-of-care” treatment for lymphomas developing in
the setting of pSS. Despite the favorable prognosis and satisfactory OS of pSS-lymphoma
patients, different therapeutic approaches are currently being applied. This prompts us to
consider the need for comparison between therapeutic regimens to conclude on which is
the right timing for therapy and the more efficient therapeutic approach in terms both of
EFS and OS but also in terms of minimal toxicity and therapy-related complications.
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