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Introduction
Over the past years, numerous studies in humans linked
several different autoimmune diseases with malignant
lymphoproliferation. Adequate studies establish strong
associations between malignant non-Hodgkin’s lym-
phoma (NHL) and Sjögren’s syndrome (SS) [1], autoim-
mune thyroiditis [2], and autoimmune hemolytic anemia
[3]. The associations reported among NHL and systemic
lupus erythematosus (SLE) [5] and rheumatoid arthritis
are weaker [5]. There has been speculation that abnormal
persistence of lymphocytes because of defective apoptosis,
antigen-driven sustained proliferation of lymphocytes by
exoantigen or autoantigen, and oncogenic events are usu-
ally required before clones become malignant. In order to
understand these processes, SS forms the ideal model by
dissecting the multiple components of autoimmunity and
lymphomatogenesis. The spectrum of lymphoproliferation
in SS extends from an increased frequency of circulating
monoclonal immunoglobulins (Ig) or free light-chains,
presence of mixed monoclonal cryoglobulinemia, and
increased levels of circulating CD5-positive B cells to an
increased frequency of NHL [6,7]. Malignant lymphoma
was first reported in patients with SS in 1963 [8]. The risk
of NHL is estimated 44 times greater than that in the
normal population [1]. Subsequently, several reports

supported the association of lymphoma with SS and recog-
nized NHL as the major complication in the progression of
the disease [9,10].

Pathogenesis
From polyclonal B cell activation to monoclonal 
expansion of B lymphocytes
A notable histologic feature in SS is the lymphoepithelial
sialadenitis (LESA) characterized by a lymphoid infiltrate
surrounding and infiltrating salivary ducts, with disorganiza-
tion and proliferation of the ductal epithelial cells forming
lymphoepithelial lesions [11]. The phenotype of the immu-
nocompetent cells present in lymphoepithelial lesions,
mainly composed of primed CD4+ T lymphocytes, suggests
functional structures in which activated B cells (monocytoid
or marginal-zone type) produce autoantibodies [12]. These
lesions first appear as small clusters and later enlarge to orga-
nize lymphoid follicle–like structures with germinal centers.
It has been shown that glandular epithelial cells in SS may
play an active role as presenting cells in the induction and
perpetuation of the inflammatory process [13]. The detec-
tion of lymphoid chemokine messenger RNA in ductal epi-
thelial cells, and the expression of CD40 protein by salivary
gland epithelial cells, points further to their pathogenetic role
in SS, and suggests their possible involvement in lymphoid
tissue formation and accumulation of B cells in the inflamed
salivary glands [14,15].

Over the past years, it has been demonstrated that
monoclonality is the essential process of the transition
from the autoimmune state to NHL. The benign LESA is
composed of CD4 T cell lymphocytes [16] that secrete
interleukin-2 and interferon-gamma [17,18] and of B cell
lymphocytes, often oligoclonal, with a risk of progression
to B cell lymphoma. Immunophenotyping and immuno-
genotyping techniques, used in tissue samples from
patients with SS, show oligoclonal or monoclonal B cell
expansion in several of these cases [19]. This process is
mainly generated by the affected exocrine glands, but also
arises from visceral organs and lymph nodes. However,
monoclonal expansion is not necessarily malignant lym-
phoma. The issue of whether monoclonal B cell popula-
tions in early LESA represent lymphoma or more benign
types of expansions has been very controversial. The pres-
ence of distinct clones in different biopsies of salivary
glands from the same patient indicates that some LESA-
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associated clones have not yet evolved into malignant lym-
phoma [20]. This could be interpreted as a possible
suppression of the monoclonal B cell expansion by endog-
enous immune mechanisms. However, patients with SS
exhibiting monoclonal Ig gene rearrangement are at high
risk of lymphoma development, and the risk of malignant
transformation is higher among patients showing identical
B cell clones detected in different tissues at different times
[21]. Although there is still a possibility that these clones
represent early smoldering lymphoma, clones in benign
LESA or early low-grade lymphoma behave clinically with
an indolent course and remain localized without evidence
of further spread. The most important feature in the differ-
ential diagnosis from lymphoma is the number and distri-
bution of monocytoid B cells. If monocytoid B cells are
found outside of the lymphoepithelial lesions or as broad
anastomosing strands, a diagnosis of lymphoma should be
suspected [11].

Mechanisms of lymphoproliferation
The transition of reactive LESA from monoclonality to
monoclonal lymphoma is generally considered to repre-
sent a multistep process, yet it is poorly understood. There
has been speculation that chronic stimulation by exoanti-
gen or autoantigen is playing an essential role in the devel-
opment of these tumors by driving the proliferation of
specific B cells and by increasing the frequency of their
transformation [22]. Among patients with SS, the idiotype
repertoire of rheumatoid factor (RF) is highly restricted (ie,
the 17.109 idiotype), because of the frequent utilization of
the germ line–encoded Vk III gene segment [23]. Further-
more, B cells expressing cell surface RF (ie, encoded by
Hum kv325) are frequently detected in the salivary glands
[24,25]. This suggests that the clonal expansion in the sali-
vary glands may arise from B cells bearing Ig of a specific
crossreactive idiotype.

Antigen selection of specific B cells for transformation
was suggested by a previous study of salivary gland
mucosa-associated lymphoid tissue (MALT) lymphomas,
in which three of five cases used the 51p1 VH and HumKv
325 VL genes that encodes the G6 and 17.109 idiotypes,
respectively [26]. Furthermore, in the analysis of the Ig VH
gene of 11 distinct LESA-associated clones from sequential
biopsies of different patients, eight were derived from a V1-
69 VH gene segment, whereas the other three were derived
from a V3-7 VH gene segment. The marked VH gene
restriction, along with similar amino acid sequence motifs
in the complementarity-determining region (CDR3), sug-
gests that LESA-associated clones even from different
patients may bind the same or similar antigens and
become selected by clonal expansion. In addition, the high
rate of ongoing VH gene hypermutations in several cases
and the low incidence of replacement mutations in the
framework regions further suggest that antigen receptor is
playing an important role in the development and expan-
sion of LESA-associated clones [20].

The binding specificity of the surface Ig from these B
cells is unknown. It has been speculated that the antigenic
peptides may derive from endogenous autoantigens or
from exogenous agents, including Epstein-Barr virus–
encoded antigens. Previous studies have shown that these
lymphomas are not associated with viruses, such as hepati-
tis C virus, Epstein-Barr virus, human herpes virus-8, or
human T lymphotropic virus-1 [27]. There is a strong pos-
sibility that LESA-associated clones produce Ig owing RF
activity. This could be suggested by heavy- and light-chain
CDR3 showing highest similarity to antibodies with RF
activity and IgVH genes of LESA-associated clones sharing
the same restriction repertoire with RF. Finally, the choice
of specific segments, in particular the D21/9 segment, in
the assembling of the IgH chains seems to characterize a B
cell disorder with the property to produce antibodies with
RF activity [20].

It is unlikely that antigenic stimulation by itself could
generate a clonal population behaving as malignant. Addi-
tional oncogenic events are usually required before clones
become malignant, capable of widespread dissemination,
and growth, such as inactivation of tumor suppression
genes or activation of proto-oncogenes. Compared with
other types of NHL where microsatelite instability seems
absent, the replication error phenotype appears a common
genetic feature of MALT lymphomas detected in approxi-
mately 50% of cases, and perhaps relates to the accumula-
tion of genetic aberrations, such as p53 mutations [28].
P53 acting as a cell cycle checkpoint protein induces cell
cycle arrest in the late G1 phase or apoptosis after DNA
damage. Inactivation of p53 gene can be caused by muta-
tion, deletion, or gene rearrangement. P53 inactivation,
with abolishment of its tumor suppressor activity, is the
most common genetic event in human malignancies. Thus,
partial loss of p53 tumor suppressor activity may play an
important role in the development of low-grade MALT
lymphomas, whereas complete loss (mutation of one
allele and loss of the other) is associated with high-grade
transformation [29]. In several cases, mutations of p53
gene are accompanied by overexpression of the p53 pro-
tein and in half of the cases by detection of serum anti-p53
antibodies [30]. Anti-p53 antibodies were detected at a
high titer in the sera of two of 14 tested patients with SS
with low-grade lymphoma [27]. Sequence analysis of the
P53 gene in five patients with SS with low histologic grade
lymphomas revealed two novel mutations of exon 5. These
mutations are single-base substitutions and appear func-
tional, because exon 5 is included in the coding region of
the p53 gene. Mutant p53 proteins without tumor suppres-
sor activity may lead to checkpoint failure at the level of
the cell cycle, followed by uncontrolled cell proliferation.
This finding indicates a probable role of this tumor sup-
pressor gene as a possible mechanism for lymphoma
development in SS [31••].

Chromosomal translocations into Ig heavy-chain
gene segments have been described in several types of B
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cell lymphomas, such as translocation (14;18) in follicu-
lar lymphomas. This translocation juxtaposes the Bcl-2
gene with Ig heavy-chain locus leading to deregulation of
apoptosis and increased B cell survival, further contribut-
ing to an increased chance of lymphomatogenesis. These
translocations probably reflect a mistaken V(D)J recom-
bination, a molecular process that is believed restricted to
B cell precursors in the bone marrow, but occasionally
taking place in the germinal centers. It is possible that the
microenvironment of ectopic germinal centers in the sali-
vary glands of patients SS, where B cell lymphocytes
undergo intense proliferation, may hamper variable-
region gene recombination. Failures in the control of
V(D)J recombination process appear to play an important
role in neoplastic transformation [32•]. Pisa et al. [9]
found the translocation (14;18) in five of seven SS-associ-
ated lymphomas. Prelymphoma biopsies from seven
patients with SS who subsequently developed lymphoma
lacked detectable translocation (14;18) even though they
exhibited oligoclonal rearrangements of their Ig genes.
Finally, an increased prevalence of trisomy 18 has been
detected in six of 13 salivary gland low-grade MALTs and
in all of four high-grade lymphomas in patients with SS
[33]. Although translocations involving oncogenes or
mutations of anti-oncogenes are detected in SS-associated
lymphomas, recurrent molecular abnormalities, which
could explain the pathogenesis of these lymphomas, have
not been established.

The autoimmune lymphoproliferative syndrome, a disor-
der usually associated with germinal Fas mutations, illustrates
the role of defective apoptosis in the genesis of lymphoma
and autoimmunity. Fas cell surface receptor initiates pro-
grammed cell death or apoptosis of activated lymphocytes.
The risk of NHL in individuals with inherited Fas mutations is
14 times greater than expected. The most obvious possibility
is that a general expansion of the lymphoid pool provides a
target cell population for other genetic or environmental
transforming events. Furthermore, it has been shown that
somatic disruption of Fas may play a role in pathogenesis of
some NHL, such as MALT-type. A significant proportion of
patients with identified Fas mutations showed extranodal dis-
ease at presentation and high incidence of well-documented
autoimmune diseases (SLE, SS, or Hashimoto’s thyroiditis)
[34]. The high incidence of autoimmune phenomena
observed among patients with NHL with Fas-mutated tumors
suggests that somatic mutations of Fas form a mechanism
connecting autoimmunity and lymphoma. In view of these
results, a recent study using a polymerase chain reaction sin-
gle-strand conformation polymorphism method investigated
the presence of Fas and Fas ligand germline mutations in
patients with SS without lymphoma and in patients with
essential mixed cryoglobulinemia [35]. Despite the negative
results of this study, the possibility that somatic mutations in
the Fas/Fas ligand system may be specifically involved in SS-
associated lymphoproliferation has not been excluded.

Hepatitis C virus–associated 
non-Hodgkin’s lymphoma
Hepatitis C virus (HCV) is considered as the major etio-
logic factor of type II mixed cryoglobulinemia, a B cell
clonal proliferative condition, which potentially evolves
into frank NHL of the lymphoplasmacytoid or immunocy-
toma subtype. It could be suggested that the malignant
transformation of the HCV-driven proliferating B cells is a
consequence of the accumulation of stochastic genetic
alterations or the direct effect of the virus [36•]. In this
regard, a large proportion of HCV-associated immunocyto-
mas derives from B cell clones chronically stimulated by a
common antigen. This is supported on the basis of the
peculiar properties that these NHL express intraclonal
diversity—an R/S mutation ratio in the framework seg-
ments of Ig lower than expected by chance and a highly
restricted use of gene segments in assembling IgH chain
[37]. Furthermore, the significant homologies between
gene segments used by these NHL and gene segments used
by antibodies with RF activity suggest that these NHL
derive from B cell clones that produce RF [38••]. Because
these genes have been associated with the crossreactive
idiotypes expressed by serum monoclonal components in
type II cryoglobulinemia, it is likely that HCV-associated
NHL are originated by neoplastic transformation of the
same clones expanded in type II cryoglobulinemia. It has
been postulated that HCV, as an exogenous antigen in
complex with IgG, triggers distinct RF B cell clones [36•].

The preferential usage of a V1-69 VH in combination
with the HumKv 325 VL gene, the use of specific segments, in
particular the D21/9 segment in assembling the IgH chain of
Ig, and the restricted length of CDR3 region support that
HCV-associated neoplasms are closely related to salivary
gland MALT lymphomas in terms of pathogenesis
[38••,39••]. Furthermore, SS lymphomas and HCV-associ-
ated immunocytomas bear surface Ig with RF reactivity. A
recent study suggests that salivary gland lymphoma in
patients with SS frequently develops from RF-producing B
cells [40••]. In this study, a model for increased frequency of
lymphomas involving specific RF B cells in patients with SS
may include the following: chronic stimulation by IgG, or
more likely by IgG complexed to auto- or exoantigens. It has
been proposed that the large amounts of IgG produced in the
salivary glands of patients with SS could result in uncon-
trolled antigenic stimulation of RF B cell clones in the ectopic
germinal centers where the vigorous expansion makes them
susceptible to mutational events. As RF activity of lymphoma
cells show a broad spectrum of crossreactivity, it would be
important for researchers to determine the real antigen that
these lymphomas recognize. Because HCV has not been
associated with salivary gland MALT lymphoma, the VH gene
similarities between SS and HCV lymphoproliferation actu-
ally represent their common selection by an antigen gener-
ated or upregulated during a process of a localized chronic
immune stimulation.
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Predictive Factors of Lymphoma Development
Knowing that patients with SS are at higher risk of develop-
ing lymphoma, several investigators have attempted to
establish predictive factors for this progression. Although
some clinical parameters may herald the imminent onset
of lymphoma, few reliable markers are available to predict
this progression.

In 1971, Anderson and Talal [41] showed that a
decrease in the level of serum Ig and disappearance of RF
occurred at the time of progression to lymphoma. Kassan
et al. [1] showed that patients with lymphadenopathy,
splenomegaly, parotid gland enlargement, and previous
low-dose irradiation or chemotherapy had an increased
risk of lymphoma development. In a study performed in
the authors’ department [42], the presence of mixed mon-
oclonal cryoglobulins was the most significant risk factor
in predicting the risk of lymphoma development. The
crossreactive idiotypes 17109 and G6 were also correlated
with the lymphoma development. The evidence of mono-
clonal paraproteinemia and urinary free light-chains may
identify patients who have a particular risk of later lym-
phoma development [43]. In another study, lymphopro-
liferative disorders were associated with the presence of
palpable purpura, low C4, and mixed monoclonal cryo-
globulinemia. Patients without any of these factors were at
negligible risk of developing lymphoma during the fol-
low-up [44••]. Others have suggested that leg ulcers,
which also may be manifestations of vasculitis, are predic-
tive of lymphoma development [10]. In conclusion, these
data suggest that patients with these risk factors constitute
a separate subgroup that should be monitored and man-
aged closer compared with other patients with SS.

The characterization of earlier stages of lymphoprolif-
eration in SS is still ill defined. B cell clonal expansion is
an early event in the course of SS, and these stages may
range from clearly benign lymphoid infiltrates to early
malignant. The risk of developing extrasalivary lym-
phoma is closely related to the presence of broad strands
of monocytoid B cells between the myoepithelial sialad-
enitis (MESA) and the presence of monotypic Ig expres-
sion by lymphoid cells or plasma cells as detected by
immunoperoxidase [45]. Compared with the detection of
monoclonality by Ig light-chain expression, detection of
B cell clones in salivary glands lesions by Southern blot or
polymerase chain reaction analysis of Ig gene rearrange-
ment has not proved a reliable predictor of clinical behav-
ior in MESA [20,45]. Thus, it seems that molecular
genetic analysis has little or no practical role in the clini-
cal diagnosis of salivary glands lymphoma in a setting of
MESA. The different types of B cell clonal expansion (oli-
goclonal or monoclonal, smaller or larger, fluctuating or
established, localized or disseminated) may imply a dif-
ferent risk of lymphoma progression [21]. Taken all these
factors into account, the focus on prelymphomatous
stages is crucial to a better understanding of the whole
lymphomatogenesis in SS.

Clinical Aspects
Pathology
The prevalence of NHL in patients with SS is 4.3%, and
usually develops later in the illness. The median time from
SS diagnosis to lymphoma diagnosis is 7.5 years [1,46••].
Various histologic subtypes of NHL for patients with SS
have been described in the literature, including follicle cen-
ter lymphoma, lymphoplasmacytoid, diffuse, large B cell
lymphoma, and especially MALT lymphomas [1,27,46••].
However, the majority of lymphomas in SS are marginal-
zone B cell lymphomas (MZL) [27,46••,47••]. This term
encompasses MALT lymphoma and monocytoid B cell
lymphomas, the latter being the nodal counterpart of the
former. These tumors have sufficient morphologic, immu-
nophenotypic, and clinical similarity to suggest that they
are morphologic manifestations of the same neoplastic
process [47••]. Cases that were classified in the past as
immunocytomas probably belong to the MZL entity. Neo-
plastic MZLs are expected to retain the homing pattern of
their normal precursors, which explain the diverse distri-
bution of lymphoma of this type [27,48]. It has been pos-
tulated that this dissemination may be because of the
specific expression of special homing receptor on the sur-
face of the B cells of MALT that regulates the traffic of lym-
phocytes to the mucosal tissues by binding to mucosal
addressin cell adhesion molecule-1 [49]. These lympho-
mas arise frequently in mucosal extranodal sites, as well as
in extranodal nonmucosal sites; most of these sites have
the presence of epithelium in common, usually columnar,
suggesting that the property of these cells is homing to epi-
thelia rather than to mucosa [48]. In the authors’ study
[46••], the MZL in patients with SS are primary low-grade
and localized (stage I and II) with extranodal manifesta-
tions. The salivary glands are the most common site, but
other extranodal sites are also involved, such as stomach,
nasopharynx, skin, liver, kidney, and lung. Presenting
symptoms are caused by major gland enlargement mainly
bilateral parotid gland enlargement. Furthermore, the clin-
ical picture in these patients is not characterized by the
presence of B symptoms, whereas the performance status is
particularly good. Lymph node involvement is common,
but is rarely seen exclusively. In disseminated disease, usu-
ally more than one extranodal site is involved, whereas
bone marrow infiltration is very rare. This suggests that sal-
ivary glands in patients with SS are the most common ini-
tial site of B cell neoplastic transformation, but other MALT
sites, lymph nodes, and bone marrow are also identified as
initial sites of transformation. Nonexocrine manifestations
occurring more often than the general SS populations are
skin vasculitis and peripheral nerve involvement. Among
the hematologic and serologic parameters, anemia, lym-
phopenia, monoclonal Ig, and cryoglobulin are particu-
larly frequent in these patients.

Lymphoma may remain localized for many years and
may undergo spontaneous remissions in the absence of
therapy [46••]. The observed regression is frequently
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regional, and not all involved sites necessarily regress.
Approximately 10% of patients with NHL have multiple
histologic types of lymphoma (discordant lymphoma)
identified in the biopsy tissues taken during the staging
evaluation. The authors identified discordant lymphomas
in patients with SS, and the prognosis is that of the high-
grade component [46••].

Lymphomas in patients with SS tend to evolve toward a
less-differentiated cell type in some cases. Most high-grade
lymphomas in salivary glands are diffuse large B cell lym-
phomas. Rare cases of peripheral T cell, lymphoblastic, and
Burkitt-like lymphomas have been reported. During trans-
formation, the clinical picture is characterized by further
nodal and extranodal dissemination [46••]. It is not
known how many of the diffuse large B cell lymphomas
arise from preexisting MALT lymphomas and how many
are of nodal type or represent transformation of follicular
lymphomas. Immunohistochemical, karyotypic, and geno-
typic studies have provided convincing proof that the
supervening large-cell lymphomas arise from the same
clone as the low-grade lymphomas. Thus, the majority of
the high-grade lymphomas in patients with SS may repre-
sent blastic-variance of marginal-zone B cell or follicular
center cell lymphomas.

Therapy-prognosis
Because the histologic grade is a very important prognostic
factor for overall survival, the treatment of SS-associated
NHL depends on the histologic grade of lymphoma
[46••]. Low-grade MZL can be localized at diagnosis and
curable with local therapy (involved-field radiotherapy or
surgical removal). In the authors’ study, the median overall
survival of patients with low-grade lymphomas is 6.3 years,
and this does not differ between treated and untreated
patients [46••]. Thus, in patients with localized low-grade
lymphoma affecting exocrine glands, a wait-and-watch
policy should be undertaken, and if the lymphoma is dis-
seminated, patients may be treated with single-agent che-
motherapy. In another recent study, the authors identified
the achievement of complete response in 75% of the
patients with SS-associated B cell lymphoproliferation dur-
ing 4 years of follow-up and improvement in some SS fea-
tures after 2-chloro-2-deoxyadenosine therapy (oral
symptoms, parotidomegaly, salivary flows, hyposthenuria,
disappearance of cryo/urine monoclonal bands) [50]. In
contrast, combined chemotherapy is recommended for
patients with low-grade lymphoma transforming to high-
grade lymphoma, and also for those with high-grade lym-
phoma. Over the past 15 years, a number of aggressive
induction regimens have been evaluated in a pilot single
institution study that included patients with high-grade
lymphomas. However, when these regimens were subse-
quently compared with cyclophosphamide, doxorubicin,
vincristine, and prednisone (CHOP) in large randomized
trials, patients treated with CHOP had comparable com-

plete remission rates and overall survival. Consequently,
the majority of patients with aggressive NHL in SS receive
an anthracycline-containing regimen, such as CHOP.
Unfortunately, the median survival is estimated to be only
1.8 years in these patients. The presence of B symptoms
and a large tumor diameter (greater than 7 cm) are addi-
tional independent death risk factors [46••]. Researchers
are unable to identify clinical features at the time of the ini-
tial presentation that possibly predispose histologic pro-
gression, and there is no data that address the efficacy of
treatment in presenting high-grade transformation.

Conclusions
Patients with SS with high-risk factors, such as palpable
purpura, low C4, and mixed monoclonal cryoglobuline-
mia, constitute a separate subgroup that should be moni-
tored more closely than other patients with SS. A strong
predisposition seems to exist in these patients for the devel-
opment of lymphoproliferation especially for low-grade
salivary gland MZL. It has been proposed that the large
amounts of IgG produced in the salivary glands of patients
with SS could result in uncontrolled antigenic stimulation
of RF B cell clones in the ectopic germinal centers, where
the vigorous expansion makes them susceptible to muta-
tional events. It would be important to determine the real
antigen that these lymphomas recognize for a better under-
standing of the whole lymphomatogenesis in SS.
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