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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 T o 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.

Author's personal copy
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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 L ymphoproliferative 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.

Acknowledgments T he authors are grateful to Maria Piedad Gon-
zalez for her assistance in designing the reference search strategy 
performance and primary reference selection. Members of the Sys-
temic Autoimmune Disease working group SER provided the main 
questions for this review, and the research and paper preparation were 
performed by members of the Evidence Based working group SER. 
All authors contributed to the interpretation of results and provided 
final approval for publication. This study was funded by the Spanish 
Rheumatology Foundation (FER, for its Spanish acronym) through 
an unrestricted grant from ROCHE pharmaceuticals. The sponsor had 
a role neither in the design or conduct of the study; the collection, 
analysis or interpretation of data; the preparation, review or approval 
of the report, nor in the decision to submit the article for publication. 
Researchers were independent from funders. Dr. Pego-Reigosa was 
supported by the Grant 316265 (BIOCAPS) from the European Union 
7th Framework Programme (FP7/REGPOT-2012-2013.1). The rest of 
authors declare no conflict of interest. Dr. Pereda, the corresponding 
author, and Dr. Nishishinya had full access to all the data in the study 
and take responsibility for the integrity of the data and the accuracy 
of the data analysis. The information reported here has not been pre-
sented in any forum.

References

	 1.	 Jordan RC, Speight PM (1996) Lymphoma in Sjogren’s syn-
drome. From histopathology to molecular pathology. Oral Surg 
Oral Med O 81(3):308–320

	 2.	 Kassan SS, Thomas TL, Moutsopoulos HM, Hoover R, Kimberly 
RP, Budman DR et al (1978) Increased risk of lymphoma in sicca 
syndrome. Ann Intern Med 89(6):888–892

	 3.	 Pariente D, Anaya JM, Combe B, Jorgensen C, Emberger JM, 
Rossi JF et al (1992) Non-Hodgkin’s lymphoma associated with 
primary Sjogren’s syndrome. Eur J Med 1:337–342

	 4.	 Ioannidis JPA, Vassiliou VA, Moutsopoulos HM (2002) Long-
term risk of mortality and lymphoproliferative disease and pre-
dictive classification of primary Sjogren’s syndrome. Arthritis 
Rheum 46:741–747

	 5.	 Smedby KE, Baecklund E, Askling J (2006) Malignant lympho-
mas in autoimmunity and inflammation: a review of risks, risk 
factors, and lymphoma characteristics. Cancer Epidemiol Bio-
markers Prev 15:2069–2077

	 6.	 Smedby KE, Hjalgrim H, Askling J, Chang ET, Gregersen H, 
Porwit-MacDonald A et  al (2006) Autoimmune and chronic 
inflammatory disorders and risk of non-Hodgkin lymphoma by 
subtype. J Natl Cancer Inst 98:51–60

Author's personal copy



Rheumatol Int	

1 3

	 7.	 Zintzaras E, Voulgarelis M, Moutsopoulos HM (2005) The risk of 
lymphoma development in autoimmune diseases: a meta-analy-
sis. Arch Intern Med 165:2337–2344

	 8.	V oulgarelis M, Skopouli FN (2007) Clinical, immunologic, and 
molecular factors predicting lymphoma development in Sjogren’s 
syndrome patients. Clin Rev Allergy Immunol 32:265–274

	 9.	 Anaya JM, McGuff HS, Banks PM, Talal N (1996) Clinicopatho-
logical factors relating malignant lymphoma with Sjogren’s syn-
drome. Semin Arthritis Rheum 25:337–346

	10.	 Biasi D, Mocella S, Caramaschi P et al (1996) Utility and safety 
of parotid gland biopsy in Sjogren’s syndrome. Acta Otolaryngol 
116:896–899

	11.	 Oxford Centre for Evidence-Based Medicine (2011) OCEBM 
Levels of Evidence Working Group*. “The Oxford 2011 Levels 
of Evidence”. http://www.cebm.net/index.aspx?o=5653

	12.	 Kassan SS, Thomas TL, Moutsopoulos HM, Hoover R, Kimberly 
RP, Budman DR et al (1978) Increased risk of lymphoma in sicca 
syndrome. Ann Intern Med 89:888–892

	13.	 Baimpa E, Dahabreh IJ, Voulgarelis M, Moutsopoulos HM 
(2009) Hematologic manifestations and predictors of lymphoma 
development in primary Sjogren syndrome: clinical and patho-
physiologic aspects. Medicine (Baltimore) 88:284–293

	14.	 Brito-Zeron P, Ramos-Casals M, Bove A, Sentis J, Font J (2007) 
Predicting adverse outcomes in primary Sjogren’s syndrome: 
identification of prognostic factors. Rheumatology 46:1359–1362

	15.	 Davidson BKS, Kelly CA, Griffiths ID (1999) Primary Sjogren’s 
syndrome in the North East of England: a long-term follow-up 
study. Rheumatology 38:245–253

	16.	 Ioannidis JP, Vassiliou VA, Moutsopoulos HM (2002) Long-term 
risk of mortality and lymphoproliferative disease and predictive 
classification of primary Sjogren’s syndrome. Arthritis Rheum 
46:741–747

	17.	 Kauppi M, Pukkala E, Isomaki H (1997) Elevated incidence of 
hematologic malignancies in patients with Sjogren’s syndrome 
compared with patients with rheumatoid arthritis (Finland). Can-
cer Cause Control 8:201–204

	18.	L azarus MN, Robinson D, Mak V, Moller H, Isenberg DA (2006) 
Incidence of cancer in a cohort of patients with primary Sjogren’s 
syndrome. Rheumatology 45:1012–1015

	19.	 Martel C, Gondran G, Launay D, Lalloué F, Palat S, Lambert M 
et al (2011) Active immunological profile is associated with sys-
temic Sjogren’s syndrome. J Clin Immunol 31:1–8

	20.	 Pertovaara M, Pukkala E, Laippala P, Miettinen A, Pasternack A 
(2001) A longitudinal cohort study of Finnish patients with pri-
mary Sjogren’s syndrome: clinical, immunological, and epide-
miological aspects. Ann Rheum Dis 60:467–472

	21.	 Skopouli FN, Dafni U, Ioannidis JPA, Moutsopoulos HM (2000) 
Clinical evolution, and morbidity and mortality of primary 
Sjogren’s syndrome. Semin Arthritis Rheum 29:296–304

	22.	 Sutcliffe N, Inanc M, Speight P, Isenberg D (1998) Predictors of 
lymphoma development in primary Sjogren’s syndrome. Semin 
Arthritis Rheum 28:80–87

	23.	T heander E, Henriksson G, Ljungberg O, Mandl T, Manthorpe R, 
Jacobsson LT (2006) Lymphoma and other malignancies in pri-
mary Sjogren’s syndrome: a cohort study on cancer incidence and 
lymphoma predictors. Ann Rheum Dis 65:796–803

	24.	V alesini G, Priori R, Bavoillot D, Osborn J, Danieli G, Del Papa 
N et  al (1997) Differential risk of non-Hodgkin’s lymphoma in 
Italian patients with primary Sjogren’s syndrome. J Rheumatol 
24:2376–2380

	25.	 Zhang W, Feng S, Yan S, Zhao Y, Li M, Sun J et al (2010) Inci-
dence of malignancy in primary Sjogren’s syndrome in a Chinese 
cohort. Rheumatology 49:571–577

	26.	 Smedby KE, Vajdic CM, Falster M et al (2008) Autoimmune disor-
ders and risk of non-Hodgkin lymphoma subtypes: a pooled analy-
sis within the InterLymph Consortium. Blood 111:4029–4038

	27.	 Solans-Laque R, Lopez-Hernandez A, Angel Bosch-Gil J, Pala-
cios A, Campillo M, Vilardell-Tarres M (2011) Risk, predictors, 
and clinical characteristics of lymphoma development in primary 
Sjogren’s syndrome. Semin Arthritis Rheum 41:415–423

	28.	V itali C, Bombardieri S, Moutsopoulos HM, Balestrieri G, Ben-
civelli W, Bernstein RM et al (1993) Preliminary criteria for the 
classification of Sjögren’s syndrome. Results of a prospective 
concerted action supported by the European Community. Arthri-
tis Rheum 36:340–347

	29.	V itali C, Bombardieri S, Jonsson R, Motsopulos HM, Alexander 
EL, Carsons SE et al (2002) Classification criteria for Sjögren’s 
syndrome: a revised version of the European criteria proposed 
by the American-European Consensus Group. Ann Rheum Dis 
61:554–558

	30.	 Fox RIRC, Curd JG, Kozin F, Howell FV (1986) Sjögren’s syn-
drome. Proposed criteria for classification. Arthritis Rheum 
29:577–585

	31.	 Manthorpe R, Oxholm P, Prause JU, Schiødt M (1986) The 
copenhagen criteria for Sjögren’s syndrome. Scand J Rheumatol 
Suppl 61:19–21 

	32.	 Shiboski SC, Shiboski CH, Criswell LA, Baer AN, Challacombe 
S, Lanfranchi H et  al (2012) American College of Rheumatol-
ogy classification criteria for Sjögren’s syndrome: a data-driven 
expert consensus approach in the Sjögren’s International Collab-
orative Clinical Alliance Cohort. Arthritis Care Res 64:475–487

	33.	L iang Y, Yang Z, Qin B, Zhong R (2013) Primary Sjögren´s syn-
drome and malignancy risk: a systematic review and meta-analy-
sis. Ann Rheum Dis. doi:10.1136/annrheumdis-2013-203305

	34.	 Johnsen SJBJG, Goransson LG, Smastuen MC, Johannesen TB, 
Haldorsen K et  al (2013) Risk of non-Hodgkin´s lymphoma in 
primary Sjögren`s syndrome: a population-based study. Arthritis 
Care Res 65:816–821

	35.	 Risselada AP, Kruize AA, Bijlsma JW (2013) Clinical features 
distinguishing lymphoma development in primary Sjögren´s 
syndome—a retrospective cohort study. Semin Arthritis Rheum 
43:171–177. doi:10.1016/j.semarthrit.2013.03.001

	36.	 Quartuccio L, Isola M, Baldini C, Priori R, Bartoloni Bocci E, 
Carubbi F et  al (2013) Biomarkers of Lymphoma in Sjögren`s 
syndrome and evaluation of the lymphoma risk in prelympho-
matous conditions: results of a multicenter study. J Autoimmun. 
doi:10.1016/j.jaut.2013.10.002

	37.	T heander E, Manthorpe R, Jacobsson LTH (2004) Mortality and 
causes of death in primary Sjögren syndrome. Arthritis Rheum 
50:1262–1269

	38.	T heander E, Henriksson G, Ljungberg O, Mandl T, Manthorpe R, 
Jacobsson LTH (2006) Lymphoma and other malignancies in pri-
mary Sjogren’s syndrome: a cohort study on cancer incidence and 
lymphoma predictors. Ann Rheum Dis 65:796–803

	39.	 Dong LCY, Masaki Y, Okazaki T, Umehara H (2013) Possible 
mechanisms of lymphoma development in Sjögren’s syndrome. 
Curr Immunol Rev 9:13–22

	40.	 Routsias JGGJ, Georgios Charalampakis DMD, Tzima S, Papa-
georgiou A, Voulgarelis M (2013) Malignant lymphoma in pri-
mary Sjögren syndrome: an update on the pathogenesis and treat-
ment. Semin Arthritis Rheum 43:178–186

	41.	 Brito-Zeron P, Ramos-Casals M (2008) Prognosis of patients 
with primary Sjogren’s syndrome. Med Clin (Barc) 130:109–115

	42.	T heander E, Vasaitis L, Baecklund E, Nordmark G, Warfvinge 
G, Liedholm R et al (2011) Lymphoid organisation in labial sali-
vary gland biopsies is a possible predictor for the development 
of malignant lymphoma in primary Sjogren’s syndrome. Ann 
Rheum Dis 70:1363–1368

	43.	 Nezos A, Papageorgiou A, Fragoulis G, Loakeimidis D, Koutsili-
eris M, Tzioufas AG et al (2013) B-cell activating factor genetic 
variants in lymphomagenesis associated with primary Sjögren´s 
syndrome. J Autoimmun. doi:10.1016/j.jaut.2013.04.005

Author's personal copy

http://www.cebm.net/index.aspx?o=5653
http://dx.doi.org/10.1136/annrheumdis-2013-203305
http://dx.doi.org/10.1016/j.semarthrit.2013.03.001
http://dx.doi.org/10.1016/j.jaut.2013.10.002
http://dx.doi.org/10.1016/j.jaut.2013.04.005


	 Rheumatol Int

1 3

	44.	T obón GJSA, Gottenberg J-E, Quartuccio L, Fabris M, Seror R 
et al (2013) Role of Fms-like tyrosine kinase 3 ligand as a poten-
tial biologic marker of lymphoma in primary Sjögren´s syn-
drome. Arthritis Rheum 65:3218

	45.	 Biasi D, Caramaschi P, Ambrosetti A et al (2001) Mucosa-asso-
ciated lymphoid tissue lymphoma of the salivary glands occur-
ring in patients affected by Sjogren’s syndrome: report of 6 cases. 
Acta Haematol 105:83–88

	46.	 Zufferey P, Meyer OC, Grossin M, Kahn MF (1995) Primary 
Sjogren’s syndrome (SS) and malignant lymphoma. A retro-
spective cohort study of 55 patients with SS. Scand J Rheumatol 
24:342–345

	47.	 Ismail F, Mahmoud A, Abdelhaleem H, Mamdoh A, Geneidy M, 
Kamal E (2012) Primary Sjögren’s syndrome and B-non-Hodg-
kin lymphoma: role of CD4+ T lymphocytopenia. Rheumatol Int 
33:1021–1025

	48.	 Kramer JM (2014) Early events in Sjögren’s syndrome patho-
genesis: the importance of innate immunity in disease initiation. 
Cytokine. doi:10.1016/j.cyto.2014.02.009

	49.	W eng MY, Huang YT, Liu MF, Lu TH (2012) Incidence of cancer 
in a nationwide population cohort of 7852 patients with primary 
Sjögren´s syndrome in Taiwan. Ann Rheum Dis 71:524–527

Author's personal copy

http://dx.doi.org/10.1016/j.cyto.2014.02.009

	Identification of lymphoma predictors in patients with primary Sjögren’s syndrome: a systematic literature review and meta-analysis
	Abstract 
	Introduction
	Methods
	Search strategy
	Selection criteria
	Screening of studies, data collection and analyses
	Meta-analysis

	Results
	Risk and predictors of lymphoma or LPD
	Standardized incidence ratio of lymphoma

	Discussion
	Acknowledgments 
	References


