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quality of the studies was graded using the Oxford Levels 
of Evidence Scale. Whenever possible, the authors created 
evidence tables and performed meta-analysis. Of 900 studies 
identified, 18 were selected for inclusion. These studies pro-
vided data from over 15,000 patients (90 % female) for anal-
ysis. Lymphadenopathy, parotid enlargement, palpable pur-
pura, low C4 serum levels and cryoglobulins were the most 
consistent non-Hodgkin´s lymphoma/lymphoproliferative 
disease predictors. Additionally, some of the studies identi-
fied splenomegaly, low C3 serum levels, lymphopenia and 
neutropenia as significant prognostic factors. The detection 
of germinal center-like lesions in primary Sjögren Syndrome 
diagnostic salivary biopsies was also proposed as highly pre-
dictive of non-Hodgkin´s lymphoma. In contrast, anemia, 
anti-Ro, anti-La, antinuclear antibodies, rheumatoid factor, 
male gender and hypergammaglobulinemia were not associ-
ated with lymphoma or lymphoproliferative disease. Patients 
with primary Sjögren syndrome have an increased risk of 

Abstract To identify risk and predictors of lymphoma or 
lymphoproliferative disease in patients with primary Sjögren 
syndrome. Articles were identified through a comprehensive 
search strategy in Medline, Embase and Cochrane CEN-
TRAL. Studies had to investigate primary Sjögren syndrome 
patients, 18 years of age or older, with the goal of examin-
ing potential clinical, immunological and hematological risk 
factors for lymphoma or lymphoproliferative disease. The 
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lymphoma or lymphoproliferative disease compared to the 
general population. Ascertaining relevant and reliable pre-
dictors in this patient population would greatly facilitate the 
identification of patients at elevated risk for closer monitor-
ing in the context of limited resources.

Keywords Sjögren syndrome · Lymphoma · Clinical 
markers · Immunological markers

Introduction

The association between primary Sjögren syndrome (pSS) 
and lymphoma, mostly non-Hodgkin´s lymphoma (NHL) 
or lymphoproliferative disease (LPD), has been docu-
mented for the past 40 years [1–6]. Though pSS is a rela-
tively benign autoimmune disease, it increases the risk for 
malignant NHL/LPD; however, this association remains 
poorly understood. While almost 1 in 5 pSS patients 
death is caused by lymphoma [4], a pooled standardized 
incidence rate (SIR) analysis estimated a nearly 20-times 
increased incidence rate of NHL among these patients 
compared to the general population [7].

There is growing evidence that chronic antigenic stimu-
lation by exo- or autoantigens might be strongly associated 
with the development of pSS-associated lymphoprolifera-
tion. Additional molecular oncogenic events such as micro-
satellite instability, loss of the B-cell cycle control, and 
possibly forced overproduction of specific B-cell biologic 
stimulators might also play a significant role [8–10]. Given 
the considerable impact of lymphoma and LPD on morbid-
ity and mortality, it is essential to identify potential clini-
cal or immunological markers, concurrently with the pSS 
diagnosis in order to provide a closer follow-up for those 
patients at high risk for malignant progression [8]. Thus, 
the aim of our study was to examine and review the avail-
able evidence regarding the identification of lymphoma 
predictors in pSS patients.

Methods

We performed a systematic review and meta-analysis to 
summarize and evaluate the existing empirical evidence 
regarding factors predictive of lymphoma onset among pSS 
patients.

Search strategy

The studies were identified using comprehensive search 
strategies of major bibliographic databases (Tables 1, 2, 3). 
Searches were reviewed and approved by an expert librar-
ian. Also, experts from the Systemic Autoimmune Disease 

working group SER provided the main questions for this 
review. 

The following bibliographic databases were searched: 
Medline and Embase from 1961 through January 2014, and 
the Cochrane Central register of Controlled Trials (CEN-
TRAL) up to January 2014. The search conducted on Janu-
ary 2014 was limited to studies written in English or Span-
ish, all retrieved references were managed in EndNote X5.

Finally, we reviewed the reference lists of all the stud-
ies manually to retrieve any relevant article missed by the 
automated search. The search strategy methodology is 
described in further detail in a supplemental file.

Selection criteria

Studies were included if they met the following pre-
established criteria: sample included pSS patients aged 
18 years or older who were followed and assessed for 
lymphoma or LPD-independent risk factors such as: (a) 
sex, parotid enlargement, splenomegaly, lymphadenopa-
thy, palpable purpura, skin ulcers or arthralgia; or (b) 
immunological and hematological outcomes such as the 
presence of anti-Ro/anti-La antibodies, C3 and C4 serum 
levels, cryoglobulinemia, lymphocytopenia (particu-
larly CD4 and CD3 T cells), neutropenia, anemia, posi-
tive antinuclear antibodies (ANA), positive rheumatoid 
factor (RF) and hypergammaglobulinemia. In addition, 
results of minor salivary gland biopsies performed at 
the time of pSS diagnosis were also taken into account. 
Finally, all types of lymphoma or LPD disease were con-
sidered as possible outcomes. Regarding statistical esti-
mates, relative risk (RR), odds ratio (OR), hazard ratio 
(HR), standardized incidence rate (SIR) and incidence 
rate, with their corresponding 95 % confidence intervals 
(CI), were utilized. In terms of study design, we consid-
ered meta-analyses, systematic literature reviews, ran-
domized controlled trials, cohort studies with a control 
group and case–control studies. Studies examining sec-
ondary SS as well as basic science and animal studies 
were excluded.

Screening of studies, data collection and analyses

Based on these selection criteria, two reviewers (MBN and 
CAP) screened the articles’ titles and abstracts indepen-
dently. Data were collected from the selected studies using 
ad hoc standard forms. Discrepancies between reviewers 
were resolved by a third researcher (EL) when necessary. 
Also, articles not fulfilling all inclusion criteria or reporting 
insufficient data were excluded. Based on the “The Oxford 
2011 Levels of Evidence,” [11] we evaluated the methodo-
logical quality of selected trials and produced evidence 
tables.
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Meta-analysis

We estimated the pooled ln(SIR) using the inverse of the 
square root of the observed number of cases as a weighted 
factor. To calculate the 95 % CI of the pooled SIR, we 
took the exponential of the 95 % limits of the ln(SIR). The 
pooled ln(SIR) was calculated using both fixed-effects and 
random-effects models (DerSimonian-Laird method). The 
heterogeneity between studies was tested using the Q sta-
tistic, which is a weighted sum of squares of the deviations 
of individual-study ln (SIR) estimates from the overall esti-
mate. Heterogeneity was considered statistically significant 
if p < 0.10. Heterogeneity was also quantified with the I2 
metric, which is independent of the number of studies in 
the meta-analysis. Values of I2 of 25, 50 and 75 % were 
considered low, moderate and high heterogeneity, respec-
tively. Analyses were performed using Stata 12.0 statistical 
software (Stata Corp., College Station, TX, USA).

Results

The electronic search identified 900 potentially eligible 
studies (Fig. 1), of which 18 were included and analyzed 
in the current systematic literature review [2, 13–27, 35, 
36]. Table 1 shows the main characteristics of these stud-
ies. Most of them were cohort studies of moderate quality, 

comprising over 15,000 patients, (90 % women) with mean 
ages ranging from 39 to 67 years. Patients fulfilled criteria 
for pSS diagnosis based on at least one of the following: 
the Preliminary European Classification Criteria of 1993 
[28], the American-European Consensus Group [29], Fox 
Classification Criteria [30], The Copenhagen Criteria [31] 
or the recent American College of Rheumatology Classifi-
cation Criteria for Sjögren syndrome [32]. In most studies, 
the assessment of lymphoma/LPD was based on histologi-
cal findings obtained from clinical records or cancer regis-
tries. NHL was the cancer reported most frequently. 

Risk and predictors of lymphoma or LPD

The risk of developing lymphoma or LPD was examined 
in seven studies [13, 16, 21, 26, 27, 33–36]. According to 
these reports, the risk of lymphoma or LPD development 
was about 4 % during the first 5 years, 10 % at 15 years and 
18 % after 20 years post-diagnosis. Patients with more than 
one risk factor also had an increased risk of a malignant 
outcome. Tables 2 and 3 show the results of the multivari-
ate analyses modeling the predictors of lymphoma or LPD 
development.

Parotid enlargement was considered a predictive fac-
tor in six studies [2, 14, 16, 22, 35, 36], but failed to reach 
significance in 3 [13, 27, 37]. Kassan and colleagues [12] 
considered this symptom as an identifier of a pSS subgroup 

Table 2  Clinical risk factors of lymphoma or lymphoproliferative disease development

Results from the multivariate analyses are expressed as RR, HR or OR (95 % confidence interval) unless otherwise is indicated

NS no statistically significant, RR relative risk, HR hazard ratio OR odds ratio

(–) No data available
a Lymphoproliferative disease
b Only adjusted for age
c Plus at least the presence of two biomarkers

Study Parotid  
enlargement

Splenomegaly Lymphadenopathy Palpable purpura Skin ulcers Arthralgia Men P. neuropathy

Baimpa [13] NS HR 3.97 
(1.49–10.60)

HR 2.62  
(1.15–5.94)

NS – – – –

Brito-Zerón [14] HR 3.16 
(0.60–16.70)

– – NS – – – –

Ioannidis [16]a HR 5.56 
(1.89–16.40)

NS HR 2.62  
(1.14–6.00)

HR 5.05  
(2.09–12.70)

– – NS –

Kassan [2] RR = 9.2 NS RR = 3.7 – – – – –

Skopouli [21]a – – – HR 5 (1.4–18.40) – – – –

Solans-Laque [27] NS – – NS – – – –

Sutcliffe [22] OR 15.1  
(1.60–146.40)

– OR 9.7  
(1.40–66.10)

NS OR 21.7 
(2–211)

NS – –

Theander [23]b NS – – HR 4.64  
(1.13–16.50)

– – – –

Risselada [35] OR 2.84 – – NS – OR 3.25 – p = 0.0003

Quartuccio [36]c OR = 10.20 – – – – – – –
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with marked lymphoid reactivity, as well as an independent 
predictor. Further evidence confirmed this marker’s ability 
to predict almost all lymphoproliferative diseases regard-
less of their grade and aggressiveness [16]. Supporting this 
association, parotid scintigraphy was postulated not only 
as an independent prognostic factor, but also as a valuable 
tool for identifying pSS patients at high risk of developing 
extra-glandular manifestations [14].

Three articles studied splenomegaly [2, 13, 16] but only 
in one of them [13] was this sign deemed an independent 
risk factor (HR 3.97, 95 % CI 1.49–10.60), despite its asso-
ciation with increased mortality in another study [16]. In 
contrast, lymphadenopathy’s potential as a valid predictor 
of malignancy was confirmed in four studies [2, 13, 16, 
22], though it was not observed in one [35].

Though Palpable purpura was significantly associated 
with LDP [4, 21, 27], only one study [23] out of six [13, 
14, 22, 27, 35] found it statistically significant as an inde-
pendent risk factor. Similarly, one small study [22] found 
an association between skin ulcers and LPD with an OR 
21.7, 95 % CI 2.2–211, and also with regard to arthralgia 
[35] (OR 3.25), peripheral neuropathy, sensory axonal neu-
ropathy and sensorimotor neuropathy (p = 0.003) [35]. On 
the other hand, male sex was not found to be associated 
with lymphoma or LPD development [16, 22].

Regarding serological and immunological factors, six 
studies evaluated anti-Ro/anti-La antibodies [14, 16, 19, 22, 
23, 36], but only one study showed a significant association 
with LPD development [16]. Although low C3 serum levels 
(<0.82 g/l) were revealed as an independent risk factor in 

three studies [14, 23, 27], there were still four other studies 
that failed to find an association [13, 16, 20, 35]. In con-
trast, low C4 serum levels were identified as a strong pre-
dictor of lymphoma or LPD. Seven of the eight studies [13, 
14, 16, 21, 23, 27, 35, 36] examining this predictor con-
firmed a significant association. Further, one of the studies 
found that low C4 serum levels were also a strong predic-
tor of different lymphoma subtypes [13]. In addition, low 
complement levels emerged not only as an immunological 
predictor but also as a prognostic factor of overall survival 
[27].

Cryoglobulins were examined in eight studies, finding 
statistical association with malignancy in four of them [13, 
19, 21, 36]. Brito-Zeron and colleagues concluded that both 
cryoglobulins and low complement serum levels, particu-
larly of C4, were substantially correlated with lymphoma 
progression, either independently or in combination [13]. 
However, this association failed to be supported by the four 
other studies [14, 22, 27, 35].

Lymphopenia was shown as an independent risk fac-
tor in half of the papers evaluating this outcome [23, 27]. 
Particularly, there was a statistically significant association 
between CD4+ T lymphopenia and NHL (p = 0.001) [13, 
38]. Neutropenia was also identified as a significant pre-
dictor by one study [13], but failed to reach significance 
in another three [2, 20, 35]. In fact, a CD4+/CD8+ T cell 
ratio <0.8 increased the HR of 10.20 (95 % Cl 2.80–41.83) 
and was suggested as a potential risk factor for malignancy. 
Quartuccio et al. [36] considered leukopenia as risk factor. 
Finally, anemia, the presence of ANA or rheumatoid fac-
tor and hypergammaglobulinemia were not associated with 
lymphoma or LPD in adjusted analyses [2, 13, 14, 16, 19, 
20, 22, 23, 27, 35].

Standardized incidence ratio of lymphoma

We also collected data regarding the SIR of lymphoma 
(Table 4), which was reported in ten studies [2, 15, 17, 18, 
20, 23–25, 27, 34]. Most of these studies analyzed data 
from local and/or national cancer registries to estimate the 
expected number of lymphomas at the population level. 
SIR ranged from 8.7 (95 % CI 4.3–15.5) [17] to 48.1 (95 % 
CI 20.7–94.8) [25]. We detected moderate heterogeneity 
between studies in both fixed-effects and random-effects 
models (I2 = 47.50 %). 

Discussion

Recent studies proposed that the switch from pSS to lym-
phoma respond to a multi-step process [39], set off by envi-
ronmental and hormonal factors, together with an appropri-
ate genetic background. Consecutive steps could involve 

Pubmed 
(n=869)

EMBASE 
(n=60)

Central 
(n=6)

Duplicates (n=35)Citations 
identified
(n=935)

Potentially 
eligible citations 
(n=900) 

Excluded based on title/abstract 
(n=867)

Included articles 
(n=18) 

Excluded (n=15):
2 Non-English language
3 Study population not in scope
3 Reporting insufficient data
4 Basic science studies
5 Animal studies

Potentially eligible 
articles (n=33) 

Fig. 1  Lymphoma predictors in patients with primary Sjögren’s syn-
drome—literature flow
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liberalization of salivary gland epithelial cells, aberrant 
homing of auto reactive B and T-cells, activation of epi-
thelial cells by cytokines and TNF, necrosis and release of 
autoantigens. Hence, stimulation of B cell activating factor 
production, (BAFF—member of TNF super family), is sup-
posed to contribute to B-cell survival, aggregation, altered 
differentiation and possibly lymphoma development [40].

Early investigations suggested that the clinical and sero-
logical profile prevailing in each pSS patient at the time of 
diagnosis might be of substantial prognostic value [41]. 
Based on this preliminary work, we analyzed the present 
information currently available on potential lymphoprolifera-
tive markers. As expected, our systematic review confirmed 
a higher incidence of lymphoma/LPD development in pSS 
patients, compared to the general population [7, 12, 42]. 
Lymphadenopathy, parotid enlargement and palpable pur-
pura remained the clinical variables most frequently associ-
ated with lymphoma/LPD, along with the serological mark-
ers cryoglobulinemia and low serum C4 levels. Moreover, the 
presence of more than one clinical or serological risk factor 
further raised the probability of malignancy progress [13, 22]. 
This assertion was supported in a recent multicentre study 
[36], analyzing salivary gland swelling, and cryoglobuline-
mic vasculitis as possible prelymphomatous stages of pSS-
related lymphoprolipheration, each one separately. Among 
patients with salivary gland swelling presenting at least two 
positive biomarkers (cryoglobulinemia, low C4, anti-SSB/
anti-La antibodies or leukopenia), there was an increased risk 
of lymphoma evolution, while the association with one or 
no biomarker at all resulted in negative predictive value. Yet, 
Ioannidis and colleagues among other authors support clas-
sifying SS patients into type 1 and 2, according to the risk of 
developing lymphoma [4, 19, 41]. The majority of pSS cases 
(80 %) do not present low C4 levels and/or palpable purpura 
main predictors of malignancy and thus could be classified 
as type 1 (i.e., low risk of malignancy). The remaining 20 % 
with one or both risk factors would be classified as type 2. 

Voulgarelis and colleagues [8] not only considered most 
previous markers as indicators of lymphoproliferation, but 
inferred that pSS might have higher levels of B cell activating 
factor (BAFF) and/or present inactivation of tumor suppres-
sion genes. In this line, Nezos et al. [43] suggested an inter-
action of pSS-related BAFF gene haplotypes together with 
distinct BAFF genetic variants as possible contributors to 
lymphoma. Among cytokines, high levels of Fms-like tyros-
ine Kinase 3 ligand were also linked to lymphoproliferative 
disorders in pSS [44]. Additional paths like deregulation in 
the mechanisms leading to apoptosis, overregulation of B-1 
cells and infectious agents have also been proposed [9]. A 
similar model has been advocated in a number of articles [9, 
10, 24, 45], but others like Zufferey et al. [46] did not find 
any statistical association between parotid enlargement and 
lymphoma development. Interestingly, lymphadenopathy was 
the only risk factor that remained as significant predictor of 
malignancy in all the studies that examined this marker, fol-
lowed by parotid enlargement and palpable purpura which 
reached statistical significance in almost 50 % of the relevant 
studies. In contrast, splenomegaly failed to reach statisti-
cal significance in any fully adjusted analyses. As expected, 
based on the literature, low serum C4 levels and cryoglobu-
linemia were strong predictors of lymphoma/LPD develop-
ment in 80 and 50 % of the articles reviewing these mark-
ers, respectively. Lymphopenia and especially CD4+ T cells 
have yielded interesting results. Two studies [27, 38] found a 
significantly lower ratio CD4+/CD8+ in those patients who 
eventually developed lymphoma/LPD. In addition, a recent 
report revealed a positive correlation between CD4+ lym-
phocytopenia with B-NHL and also CD4+ lymphocytope-
nia with other risk factors such as parotid enlargement, low 
serum C3 levels and cryoglobulinemia in patients with lym-
phoma [47]. Conversely, male sex, arthralgia, anemia, posi-
tive ANA, rheumatoid factor and hypergammaglobulinemia 
failed to reach the statistical significance required to be con-
sidered potential independent risk factors.

Table 4  Standardized incidence ratio of lymphomas

LPD lymphoproliferative disease, SIR standardized incidence ratio, CI confidence interval

Study Expected number of lymphomas source Number of lymphomas SIR (95 % CI)

Davidson [15] Cancer registry statistic 3 14.40 (4.70–44.70)

Kassan [2] Connecticut cancer register 4 44.40 (16.70–118.40)

Kauppi [17] Finnish cancer registry 11 8.70 (4.30–15.50)

Lazarus [18] Thames cancer registry 11 37.50 (20.70–67.60)

Pertovaara [20] Finnish cancer registry 3 13.00 (2.70–38.00)

Solans-Laqué [27] GLOBOCAN database 11 15.60 (8.70–28.20)

Theander [23] National and local registers 11 15.57 (7.80–27.90)

Valesini [24] Local cancer registers 9 33.30 (17.30–64.00)

Zhang [25] Local cancer register 8 48.10 (20.70–94.80)

Johnsen [34] Cancer registry of Norway 7 9.00 (7.10–26.3)
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The results of this systematic review should be inter-
preted in the context of the reviews’ limitations. First, 
the most important limitation is that the studies reviewed 
applied different pSS classification criteria (Table 1). 
For instance, the American-European Consensus Group 
(AECC) criteria [29] consider salivary gland biopsy as 
an essential classification tool, but only four of the stud-
ies reviewed here included it. This is relevant, because we 
have examined a wide spectrum of clinical, serological and 
hematological potential risk factors. Moreover, a recent 
study by Theander and colleagues [42] concluded that the 
presence of germinal center-like lesions (GC+) in labial 
salivary gland biopsies obtained at pSS diagnosis reached a 
significant predictive value of 16 % for NHL [38], while the 
predictive value of the absence of lesions achieved almost 
99 %. These authors advised that patients not fulfilling the 
AECC criteria did not display any increased lymphoma 
risk. Despite more than ten SS classification criteria con-
sidered during the past decades, their performance targets 
were not met. None of them could differentiate between the 
patients who could only be classified as having pSS dur-
ing the follow-up, from those who would develop another 
systemic autoimmune disease. Yet, this review exposed the 
heterogeneity of the included studies, due not only to the 
different criteria sets proposed for SS classification, but 
also to the complexity of pSS pathogenesis and lymphom-
agenesis yet poorly understood [48].

The diversity in lymphoproliferative evolution in pSS 
include several lymphoma subtypes, such as diffuse large B 
cell lymphoma (DLBCL), follicular lymphoma, and in par-
ticular mucosa-associated lymphoid tissue (MALT) lym-
phoma [8, 12, 13, 22, 45]. The risk for malignancy appears 
to augment with disease duration, since cumulative risk of 
developing lymphoma might reach 3.4 % in the first 5 years 
and 9.8 % after 15 years, since the initial pSS diagnosis 
[27]. Also, Ioannidis and colleagues reported an increased 
probability of LPD of 2.6 and 3.9 % at 5 and 10 years, 
respectively [4]. When compared to systemic lupus erythe-
matosus and rheumatoid arthritis (RA), lymphoid malig-
nancies development remained elevated in pSS, possibly, 
due to higher levels of serum B-cell activating factor [7]. 
However, only two studies included patients with LPD [16, 
21]. Correlation between pSS and other malignant tumors, 
despite remaining out of the scope of this systematic 
review, will also require further investigation [25, 33, 49].

Another limitation directly relates to the absence of 
available data in pSS, on biological or DMARD therapy, 
and its consequences on NHL/LPD evolution. Yet, this 
analysis was evaluated previously by Zintzaras and col-
leagues [7], but the information on the role of biological or 
immunomodulatory agents was limited.

In summary, according to the present review, the num-
ber of identified clinical and immunological risk predictors 

is broadening. All these elements could facilitate the iden-
tification of those patients at elevated risk, at the time of 
pSS diagnosis, which, consequently, would require closer 
supervision in order to anticipate lymphoma onset. The 
identification of lymphoma predictors does not allow the 
precise determination of the time of lymphoma onset. For 
this reason, we recommend that patients categorized as 
high-risk group should undergo periodical clinical assess-
ment and complete laboratory tests including serum cryo-
globulins, complete blood count, biochemical profile, 
protein electrophoresis and complement assays. We also 
consider necessary to simplify the various pSS diagnostic 
criteria presented, and for studies to include minor salivary 
gland biopsy as an essential part of pSS diagnosis.
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