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Abstract

Background: The purpose of this study is to characterize the risk of cancer in a large cohort of patients with
primary Sjogren syndrome (SjS).

Methods: We had analyzed the development of cancer in 1300 consecutive patients fulfilling the 2002 SjS
classification criteria. The baseline clinical and immunological characteristics and systemic activity (ESSDAI scores)
were assessed at diagnosis as predictors of cancer using Cox proportional hazards regression analysis adjusted for
age at diagnosis and gender. The sex-and age-specific standardized incidence ratios (SIR) of cancer were estimated
from 2012 Spanish mortality data.

Results: After a mean follow-up of 91 months, 127 (9.8%) patients developed 133 cancers. The most frequent type
of cancer was B-cell lymphoma (including 27 MALT and 19 non-MALT B-cell lymphomas). Systemic activity at
diagnosis of primary SjS correlated with the risk of hematological neoplasia and cryoglobulins with a high risk of
either B-cell or non-B-cell lymphoma subtypes. Patients with cytopenias had a high risk of non-MALT B-cell and
non-B-cell cancer, while those with low C3 levels had a high risk of MALT lymphomas and those with monoclonal
gammopathy and low C4 levels had a high risk of non-MALT lymphomas. The estimated SIR for solid cancer was 1.
13 and 11.02 for hematological cancer. SIRs for specific cancers were 36.17 for multiple myeloma and
immunoproliferative diseases, 19.41 for Hodgkin lymphoma, 6.04 for other non-Hodgkin lymphomas, 5.17 for
thyroid cancer, 4.81 for cancers of the lip and oral cavity, and 2.53 for stomach cancer.

Conclusions: One third of cancers developed by patients with primary SjS are B-cell lymphomas. The prognostic
factors identified at SjS diagnosis differed according to the subtype of B-cell lymphoma developed. Primary SjS is
also associated with the development of some non-hematological cancers (thyroid, oral cavity, and stomach).
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Background

Sjogren syndrome (SjS) is a systemic autoimmune
disease that principally affects women between the
fourth and sixth decades of life who present with sicca
symptomatology caused by dryness of the main mucosal
surfaces [1]. The clinical spectrum of SjS extends from
dryness to systemic involvement. Since 1978 [2], SjS has
been closely associated with an enhanced risk of lymph-
oma, one of the most severe complications a patient
may develop. Primary SjS patients have a 10-44-fold
greater risk of lymphoma than healthy individuals,
higher than that reported for systemic lupus erythemato-
sus (sevenfold) and rheumatoid arthritis (fourfold) [3].
The close link between lymphoma and S§jS is clearly
exemplified by the very specific type of lymphoma aris-
ing in SjS patients, mainly low-grade B-cell lymphomas
(predominantly marginal zone histological type) with
primary extranodal involvement of the major salivary
glands (overwhelmingly parotid) [4, 5]. The lymphoma-
genesis hypothesis in primary SjS suggests a key role for
the continued stimulation of B cells in the exocrine
glands and organs containing mucosa-associated lymph-
oid tissue (MALT); in some patients, this autoimmune
process is further altered by a combination of pro-
oncogenic factors that promote abnormal increases in B-
cell survival, thus putting the patient at high risk of a
malignant B-cell transformation [6].

Studies that have analyzed the association between
primary SjS and cancer have overwhelmingly been
centered on the characterization and risk estimation of
lymphoma [7]. Little data is available on the association
between primary SjS and non-B-cell lymphomas [8-10]
or solid cancer [11]. The aims of this study were to
analyze the development of solid and hematological
cancer, identify related baseline SjS- prognostic factors
(including systemic activity), and estimate the corre-
sponding standardized incidence ratios (SIR) per type of
cancer in a large, well-characterized cohort of Spanish
patients with primary SjS.

Methods

Patients

The GEAS-SS Study Group was formed in 2005 with
the aim of collecting a large series of Spanish patients
with primary SjS. Both incident and prevalent cases were
included; for incident cases, the diagnosis of primary SjS
was confirmed after January 2005. By January 2016, the
database included 1300 consecutive patients (513 pre-
valent cases) who fulfilled the 2002 classification criteria
for primary SjS [12]. Exclusion criteria were chronic
HCV/HIV infection and associated systemic autoimmune
diseases. Diagnostic tests for SjS (ocular tests, parotid
scintigraphy, and salivary gland biopsy) were performed
according to the European Community Study Group
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recommendations [12]. Clinical and laboratory data were
collected and computerized according to a standard previ-
ously reported protocol [13].

Definition of variables
The date of disease diagnosis was defined as the date
when the attending physician confirmed fulfillment of
the 2002 criteria [12]. Systemic involvement was defined
according to the ESSDAI [14]. Disease activity states
(DAS) were categorized according to the global ESSDAI
score as low activity (ESSDAI <5), moderate activity
(5 <ESSDAI< 13), and high-activity (ESSDAI >14) [15].
Cancers were determined through medical chart review
of the hospital discharge summaries by the corresponding
oncology/hematology departments. We included only
cancers occurring after the confirmed diagnosis of primary
SjS by the attending physician. Solid cancers were classified
using the nomenclature included in the GLOBOCAN
Project (http://globocan.iarc.fr/) and hematological cancers
using the 2016 WHO classification [16, 17].

Statistical analysis

Descriptive data are presented as means and standard
deviation (SD) for continuous variables and numbers
and percentages (%) for categorical variables. Time-to-
event analyzes for cancer are presented as Kaplan-Meier
curves. The baseline clinical and immunological charac-
teristics and systemic activity (ESSDAI scores) were
assessed at diagnosis as predictors of cancer using
univariate Cox proportional-hazards regression analysis
adjusted for age at diagnosis and gender. The level of
systemic activity was recoded as no activity vs. any type
of activity (low/moderate/high) in the analysis. Multi-
variate Cox proportional-hazards regression analysis
allowed adjustment for age at diagnosis and gender and
variables that were statistically significant (p <0.05) in
the univariate analysis, in order to establish independent
variables associated with hematological and solid can-
cers. The hazard ratios (HRs) and their 95% confidence
intervals (CIs) obtained in the adjusted regression
analysis were calculated. The person-years of follow-up
were calculated from the date of diagnosis to the last
visit, cancer, or death (whichever occurred earliest). The
standardized incidence ratios (SIR) were computed as
the ratio of observed to expected cancers. Expected
cancers were determined by multiplying person-years by
the corresponding sex- and age-specific incidence rates
of cancer in the general Spanish population in 2012 (the
most recent data available from the International Agency
for Research on Cancer) provided by the GLOBOCAN
project (http://globocan.iarc.fr/old/method/method.asp?-
country=724) and summing overall person-years. The
sex- and age-specific incidence rates of cancer for Spain
were estimated from national mortality data for 2012 by
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modeling, using a set of age-, sex-, and site-specific
incidence:mortality ratios obtained by the aggregation of
recorded data from the 12 Spanish cancer registries [18].
The incidence rates of several types of cancers could not
be estimated for population belonging to the age cat-
egory “0—14” by the fact that these types of cancers were
not detected in this population. Thus, this category was
excluded when SIR were computed. The 95% confidence
intervals (CI) of the SIR were also calculated. All
significance tests were two tailed, and values of p <0.05
were considered significant. All analyses were conducted
using the R version 3.2.3 for Windows statistical soft-
ware package.

Results

Baseline prognostic factors

Baseline characteristics of primary SjS patients are
summarized in Table 1. The cohort consisted of 1300
patients, including 1201 (92.4%) women and 99 (7.6%)
men (female:male ratio, 12:1), with a mean age at diag-
nosis of 55.1 (SD 15.4) years (range, 15.3-92.9 years).
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After a median follow-up of 66.1 months (range 1-
560.3 months; 9922.3 person-years), 127 (9.8%) patients
developed 133 cancers: 64 patients developed a solid
cancer, 57 patients hematological cancer, 4 patients both
solid and hematological cancers, and 2 patients two
different types of solid neoplasia. The most frequent
types of cancers included B-cell MALT lymphomas (1 = 27,
20%), other B-cell lymphomas (n = 19, 14%), breast (n = 14,
11%), colorectal (1 =9, 7%), myeloid neoplasia/leukemia
(n=8, 6%), lung (n=6, 5%), and stomach (n=5, 4%)
cancers (Additional file 1: Table S1). In comparison
with patients who developed solid cancer, those who
developed hematological cancer had a higher frequency
at diagnosis of cryoglobulins (p = 0.002), low C3 levels
(p=0.018), high ESSDAI score (p=0.001), and high
DAS (p <0.001) (Additional file 1: Table S1). The median
time to the development of cancer was 59.9 months.
Figure 1 shows the Kaplan-Meier curves for the develop-
ment of the first solid or hematological cancer. Survival
(free of cancer) at 5, 10, 20, and 30 years was 93.9, 87.9,
76.9, and 70.3%, respectively. The following baseline

Table 1 Baseline SjS-related features and risk of development of solid and hematological cancer

Baseline features

Values at diagnosis (n = 1300)

Solid cancer (n=70) Hematological cancer (n=61)

Age at diagnosis

Gender (male)

Ethnicity (white)

Dry mouth

Dry eye

Altered ocular tests

Altered parotid scintigraphy
Positive salivary gland biopsy
Anemia (Hb < 110 g/L)
Leukopenia (<4000/mm?)
Thrombocytopenia (<150,000/mm?)
Neutropenia (<1500/mm3)
Lymphopenia (<1000/mm?)
Antinuclear antibodies+
Rheumatoid factor+
Anti-Ro/SS-A+
Anti-La/SS-B+

Monoclonal gammopathy
Cryoglobulins+

Low C3 levels (<0.82 g/L)
Low (4 levels (<0.11 g/L)

548+154

99 (7.6)

1246 (95.8)

1299 (99.9)

1234 (94.9)
1013/1156 (87.6)
835/992 (84.2)
497/629 (79)
216/1297 (16.7)
227/1297 (17.5)
87/1297 (6.7)
137/129 (10.6)
141/1295 (10.9)
1124/1295 (86.8)
583/1245 (46.8
981/1294 (75.8
626/1289 (486
114/1018 (11.2
70/929 (7.5)
144/1233 (11.7)
163/1218 (13.4)

)
)
)
)

+
+

041 [0.10-1.71]
048 [0.19-1.20]
1.29 [047-3.58]
0.87 [0.41-1.86]
092 [0.35-2.44]
1.05 [0.59-1.86]
149 [0.87-2.55]
1.18 [0.54-2.57]
141 [0.74-2.71]
1.80 [0.96-3.35]
0.95 [0.49-1.85]
1.13 [0.71-1.82]
143 [0.81-2.53]
0.99 [0.62-1.60]
1.94 [0.99-3.80]
0.70 [0.25-1.94]
059 [0.21-1.62]
1.07 [0.51-2.24]

+
+

0.99 [0.14-7.29]
1.37 [0.33-5.63]
5.38 [0.74-39.03]
1.34 [0.53-341]
1.01 [0.42-2.45]
2.07 [1.20-3.58]%
0.96 [0.50-1.86]
1.17 [0.50-2.72]
1.66 [0.83-3.32]
143 [0.71-2.86]
1.05 [0.50-2.21]

1.08 [0.65-1.80]
1.28 [0.70-2.36]
1.17 [0.69-1.97]

2.13[1.08-4.19]
4.37 [2.32-8.22]%
2.07 [1.06-4.03]
2.23[1.17-4.26]

Values are represented as HRs [95% Cls]
Set in italics, statistically significant (p < 0.05) SS-related features associated with cancer in the univariate Cox proportional hazards regression analysis adjusted for

age at diagnosis and gender
SjS Sjogren syndrome
tAdjusting variable

FStatistically significant (p < 0.05) SS-related features associated with cancer in the multivariate Cox proportional hazards regression analysis adjusted for age at

diagnosis and gender
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Fig. 1 Survival curve for the development of solid and
hematological cancer

variables at diagnosis were associated with hematological
cancer in the Cox regression analysis (Table 1):
anemia (HR 2.07; p = 0.009), C3 levels <0.82 g/L (HR 2.07;
p =0.033), C4 levels <0.11 g/L (HR 2.23; p = 0.015), mono-
clonal gammopathy (HR 2.13; p = 0.028), and cryoglobu-
lins (HR 4.37; p <0.001). Multivariate analysis identified
anemia and cryoglobulins as variables independently
associated with hematological cancer. No variables
were significantly associated with the development of
solid cancer.

Systemic activity

Table 2 summarizes the relationship between organ-by-
organ baseline ESSDALI activity at diagnosis and the risk
of hematological and solid cancer. The mean ESSDAI
score at diagnosis of the entire cohort was 6.00 (SD 6.6)
and correlated with the risk of hematological cancer (HR
1.06; p <0.001); the highest risk was found in patients
with a high baseline DAS (HR 4.34; p < 0.001). Baseline
activity in the constitutional (HR 2.44; p = 0.011), lym-
phadenopathy (HR 8.03; p <0.001), glandular (HR 3.04;
p<0.001), and biological (HR 2.12; p =0.011) domains
was associated with a higher risk of hematological
cancer. Multivariate analysis showed that the lymph-
adenopathy and glandular domains were independently
associated with the risk of hematological cancer. A
sensitivity analysis comparing no/low activity vs. moder-
ate/high activity showed similar results (although with
higher HRs), with the addition of the hematological
domain, which was significantly associated with the de-
velopment of hematological cancer (HR 2.72; p =0.001)
(Additional file 1: Table S3). Additional file 1: Table S4
summarizes the mean baseline ESSDAI scores of
patients classified according to the type of cancer.
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Additional file 1: Table S5 summarizes the potential
influence of SJS-related therapies (pilocarpine, hydroxy-
chloroquine, corticosteroids, immunosuppressive agents,
intravenous immunoglobulin, and rituximab) in the de-
velopment of cancer. In the univariate analysis, we found
a higher risk of developing hematological cancer in
patients receiving corticosteroids (HR 2.67; p < 0.001) or
an immunosuppressive agent (HR 2.83; p <0.001), al-
though the multivariate analysis adjusted for the main
prognostic factors identified (anemia, monoclonal gam-
mopathy, cryoglobulins, low C3, low C4, and ESSDAI)
showed only non-significant differences.

Prognostic factors for hematological cancer subtypes
According to the WHO classification, we classified
hematological cancers into three main groups: B-cell
MALT lymphoma (n = 27), B-cell non-MALT lymphoma
(n=19), and non-B-cell (n = 15) cancers (Table 3). Base-
line prognostic factors associated with B-cell MALT
lymphomas included cryoglobulins (HR 6.32; p <0.001)
and low C3 levels (HR 3.25; p =0.010). For B-cell non-
MALT lymphomas, the prognostic factors included
anemia (HR 2.58; p =0.047), monoclonal gammopathy
(HR 3.45; p =0.024), cryoglobulins (HR 3.34; p = 0.028),
and low C4 levels (HR 3.83; p =0.014). For non-B-cell
hematological cancers, prognostic factors included
anemia (HR 4.02; p=0.009), neutropenia (HR 5.86;
p =0.002), thrombocytopenia (HR 4.85; p=0.004), and
cryoglobulins (HR 4.36; p = 0.034).

Baseline systemic activity (global ESSDAI score) and
high DAS were associated with a higher risk of B-cell
MALT and non-B-cell cancers (but not B-cell non-
MALT lymphomas). Distribution per organ showed that
baseline systemic activity in the lymphadenopathy do-
main was linked to a higher risk for the three subtypes
of hematological cancer, activity in the glandular domain
with a higher risk of MALT lymphomas, activity in the
biological domain with a higher risk of non-MALT B-
cell lymphomas, and activity in the constitutional,
pulmonary, and hematological domains with a higher
risk of non-B-cell hematological cancer (Table 3).

Standardized incidence ratios (SIRs) for cancer

For all cancers combined, the SIR estimate was 1.91
(95% CI 1.60 to 2.28) and was higher in men than in
women (2.29 vs. 1.87) (Table 4).The SIR was 1.13 (95%
CI 0.88 to 1.46) for solid cancer and 11.02 (95% CI 8.35
to 14.54) for hematological cancer. With respect to solid
cancers, we found an increased risk for thyroid cancer
(SIR 5.17; 95% CI 1.94 to 13.79), cancers of the lip and
oral cavity (SIR 4.81; 95% CI 1.81 to 12.83), and stomach
cancer (SIR 2.53; 95% CI 1.05 to 6.07) in women. We
analyzed potential predictive factors for the development
of thyroid, lip, and oral cavity, and stomach cancers
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Table 2 Association between organ-by-organ baseline ESSDAI activity at diagnosis and the risk of development of solid and

hematological cancer
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Variables Values at diagnosis (n = 1295)° Solid cancer (n=70) Hematological cancer (n=61)
Baseline DAS
Low 707 (54.6) REF REF
Moderate 426 (32.9) 1.17 [0.71-1.92] 137 [0.73-2.58]
High 162 (12.5) 0.66 [0.28-1.56] 4.34 [2.35-8.00]
ESSDAI domainst
Constitutional 115 (89) 1.13 [048-2.62] 2.44 [1.23-4.87]
Lymphadenopathy 89 (6.9) 0.39 [0.10-1.60] 8.03 [4.62-13.94]*
Glandular 179 (13.8) 0.35 [0.14-0.87] 3.04 [1.78-5.18J%
Articular 498 (38.5) 0.95 [0.58-1.56] 1.30 [0.78-2.18]
Cutaneous 131 (10.1) 1.40 [0.70-2.83] 1.10 [047-2.57]
Pulmonary 102 (7.9) 1.58 [0.71-3.48] 1.07 [0.38-2.99]
Renal 23(1.8) 1.21 [0.17-8.80] -
Muscular 15(1.2) 157 [022-114] -
Peripheral nervous system 54 (4.2) 0.59 [0.14-245] -
Central nervous system 41 (32) - 044 [0.06-3.22]
Hematological 447 (34.5) 1.31 [0.81-2.10] 1.36 [0.81-2.26]
Biological 681 (52.6) 1.32 [0.81-2.15] 2.12 [1.19-3.76]

Values are represented as the HRs (95% Cls)

Set in italics, statistically significant (p < 0.05) ESSDAI domains associated with cancer in the univariate Cox proportional hazards regression analysis adjusted for

age at diagnosis and gender

REF reference level, ESSDAI EULAR-Sjogren Syndrome Disease Activity Index, DAS disease activity states
%In 5 patients, there was not enough information to calculate the ESSDAI at diagnosis
FStatistically significant (p < 0.05) ESSDAI domains associated with cancer in the multivariate Cox proportional hazards regression analysis adjusted for age at

diagnosis and gender

tLevel of activity is recoded as no versus any type of activity (low/moderate/high) in the analysis

(Additional file 1: Table S6) and found that only ethni-
city was a predictive factor for the development of any
of these cancers, since non-white patients had a HR of
10.44 (p = 0.004).

With respect to hematological cancers, we had to
adapt our classification of hematological cancer (based
on the WHO 2016 nomenclature) to the four categories
of hematological cancer used in the GLOBOCAN da-
tabase (which are based on ICD codes); the corres-
pondence between the two classifications is shown in
Additional file 1: Table S7. We found an increased risk
for three of the four GLOBOCAN categories corre-
sponding to hematological cancer: multiple myeloma
and immunoproliferative diseases (SIR 36.17; 95% CI
25.44 to 51.43), Hodgkin lymphoma (SIR 19.41; 95% CI
7.29 to 51.72), and non-Hodgkin lymphoma (SIR 6.04;
95% CI 3.43 to 10.64).

Discussion

In non-specialized medical settings, primary SjS is often
considered a chronic, non-life threatening disease that
causes dryness, fatigue, and pain. However, systemic
involvement has increasingly been recognized as a key
part of the disease spectrum with a significant weight in

dictating the prognosis and survival [13]. Among the
systemic manifestations of SjS, lymphoma is one of
the worst complications that physicians should expect.
In 1978, Kassan et al. [2] estimated a SIR for NHL of
44.4 in patients with primary SjS. The SIRs estimated
by subsequent studies, even though the great majority
have been lower, have confirmed that primary SjS
patients are at higher risk of lymphoma, with a
pooled 14-fold higher risk reported by Liang et al
[19] in a recent meta-analysis. However, this meta-
analysis included cohorts of patients in whom the
diagnosis of primary SjS was based on the 1993
criteria, whose fulfillment allows the inclusion of
patients with negative Ro/La antibodies and negative
biopsy. This creates a significant bias, since several
studies have reported a lower risk of lymphoprolifera-
tion in immunonegative patients [8, 20]. Table 5
summarizes the studies based on the fulfillment of
the 2002 criteria [8-11, 21-27]. The SIRs for B-cell
lymphoma range between 7 and 9 in population-
based studies and between 16 and 48 in hospital-
based studies. The majority of these studies were
focused only on B-cell lymphoma, and most of them
used an old terminology (NHL).
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Table 3 Association between organ-by-organ baseline ESSDAI activity at diagnosis and the risk of development of the three main

subtypes of hematological cancer

Variables B-cell MALT (n=27) B-cell non-MALT (n=19) Non-B-cell neoplasms (n=15)
Dry eye - 0.90 [0.12-6.83] 0.76 [0.10-5.94]

Altered ocular tests - 133 [0.17-10.17] -

Altered parotid scintigraphy - 1.10 [0.25-4.86] 049 [0.13-1.87]

Positive salivary gland biopsy 1.84 [0.42-8.04]

0.37 [0.07-2.12] 0.83 [0.17-3.98]

Anemia (Hb < 110 g/L)
Leukopenia (<4000/mm?)

Thrombocytopenia (<150000/mm?)

Neutropenia (<1500/mm3>

Lymphopenia (<1000/mm?)

Antinuclear antibodies+
Rheumatoid factor+
Anti-Ro/SS-A+
Anti-La/SS-B+
Monoclonal gammopathy
Cryoglobulins+

Low C3 levels (<0.82 g/L)
Low (4 levels (<0.11 g/L)
Baseline ESSDAI

Baseline DAS (REF = low)
Moderate

High

ESSDAI domainst
Constitutional
Lymphadenopathy
Glandular

Articular

Cutaneous

Pulmonary

Central nervous System
Hematological

Biological

0.89 [0.31-2.61]
0.51[0.15-1.69]
0.47 [0.06-3.48]
1.24 [0.42-3.63]
2.12[0.79-5.68]
1.15 [0.35-3.84]
0.94 [0.43-2.03]
1.07 [042-2.71]
0.66 [0.30-1.46]
1.30 [0.38-4.43]
6.32 [247-16.15]
3.25[1.33-7.93]
1.76 [0.65-4.78]
1.07 [1.03-1.11]

091 [0.33-2.51]
4.80 [1.99-11.62]

1.31 [0.39-4.44]
9.39 [4.20-21.02]
7.35 [3.36-16.10]
1.09 [0.50-2.39]
1.16 [0.35-3.87]
1.12 [0.15-8.29]
1.10 [0.50-2.42]
1.35 [0.60-3.06]

2.58 [1.01-6.58]
0.84 [0.24-2.89]
0.51 [0.07-3.92]
0.32 [0.04-2.48]
0.86 [0.25-2.97]
1.16 [0.47-2.86]
1.63 [0.53-5.03]
2.35[0.88-6.32]
3.34 [1.14-9.83]
331 [1.06-10.36]
1.14 [0.26-5.06]
3.83[1.31-11.21]
1.04 [0.98-1.09]

1.20 [0.42-3.47]
260 [0.84-8.07]

162 [0.37-7.12]
8.99 [3.35-24.14]
1.34 [0.44-4.13]
2.07 [0.82-5.18]
1.28 [0.29-5.56]

061 [0.22-1.69]
6.57[1.51-28.55]

4.02 [1.42-11.38]
254 [0.86-7.52]
4.85 [1.64-14.34]
5.86 [1.89-18.14]
2.14 [0.65-7.02]
1.14 [0.26-5.10]
1.28 [0.46-3.53]
1.26 [0.39-4.09]
1.34 [0.47-3.83]
2.16 [0.58-8.04]
4.36 [1.12-16.99]
143 [0.31-6.48]
1.36 [0.30-6.11]
1.08 [1.03-1.13]

337 [0.84-13.52]
829 [2.05-33.55]

7.20 [2.43-21.32]
4.74 [1.32-17.02]
1.38 [0.38-5.04]
1.00 [0.34-3.00]
0.78 [0.10-6.00]
4.98 [1.50-16.59]
4.99 [1.58-15.76]
1.68 [0.57-4.95]

Values are represented as the HRs (95% Cls). B-cell non-MALT lymphomas included diffuse large B-cell lymphoma (7), marginal zone lymphoma (4), myeloma
multiple (2), and other B-cell lymphomas (6). Non-B-cell neoplasms included myelodysplastic syndromes (4), leukemia (4), Hodgkin lymphoma (4), and T/NK cell

neoplasias (3)

Set in italics, statistically significant (p < 0.05) SS-related features and ESSDAI domains associated with cancer in the univariate Cox proportional hazards regression

analysis adjusted for age at diagnosis and gender

REF reference level, ESSDAI EULAR-Sjogren Syndrome Disease Activity Index, DAS disease activity states
tLevel of activity is recoded as no versus any type of activity (low/moderate/high) in the analysis. There were not enough observations to fit models for the renal,

muscular, and peripheral nervous system domains

The present study is the first to analyze the risk of the
different types of cancer (including solid cancer and
hematological cancers other than lymphoma) and iden-
tify the corresponding baseline predictive factors in a
hospital-based cohort of patients with primary SjS. Only
three previous studies have estimated the SIR for all-
type of cancers in primary SjS. The risk was not signifi-
cant in a population-based study [11] but was significant

in the two hospital-based studies [8, 21] (although the
significance was at the limit in the study by Theander et
al [8]). We also found a higher significant risk with a SIR
of nearly 2, although when we separated solid and
hematological cancers, the SIR for solid cancers was not
significant, while the SIR for hematological cancer was
11-fold higher (10-fold higher in women and 20-fold
higher in men).
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Table 4 Standardized incidence ratios (SIRs) for cancer classified according to the GLOBOCAN categories

Cancer categories Total (n=1239)° Women (n = 1145) Men (n=94)
Obst Exp SIR LCl ucl Obs Exp SIR LCl ucl Obs Exp SRR LCl udl
All cancerst 121 6377 19 159 227 105 5677 185 153 224 16 7 229 14 373
Solid cancers§ 60 53.1 113 088 146 55 4742 116 089 151 5 568 088 037 212
Thyroid 4 079 505 189 1345 4 077 517 194 1379 0 002 0 - -
Lip, oral cavity 4 099 405 152 108 4 083 481 1.81 1283 0 016 0 - -
Stomach 5 224 223 093 536 5 198 253 105 607 O 026 0 - -
Kidney 3 167 18 058 557 2 144 139 035 555 1 023 439 062 3114
Brain, nervous system 2 117 172 043 686 2 107 187 047 748 O 0.1 0 - -
Gallbladder 1 077 13 018 92 1 072 139 02 983 0 005 0 - -
Lung 6 466 129 058 287 4 343 117 044 3 2 123 163 041 6.5
Prostate 2 166 1.2 03 4.81 2 166 1.2 03 4.81
Melanoma of skin 2 173 116 029 462 2 163 123 031 492 0 0.1 0 - -
Bladder 2 2.1 095 024 38 2 148 135 034 542 0 063 0 - -
Colorectal 9 1008 089 046 172 9 902 1 052 192 0 106 0 - -
Breast 14 1568 089 053 151 14 1568 089 053 151
Pancreas 2 229 087 022 35 2 2.1 095 024 38 0 018 0 - -
Cervix uteri 1 139 072 01 5.1 1 139 072 01 5.1
Corpus uteri 2 372 054 013 215 2 372 054 013 215
Ovary 1 216 046 007 328 1 216 046 007 328
Hematological® 50 454 1102 835 1454 42 414 1004 749 1372 8 039 2034 1017 4067
Leukemia 3 149 202 065 626 2 134 149 037 595 1 014 702 099 498
MM/ID and lymphoma 47 305 1541 1158 2051 40 280 1429 1048 1948 7 025 2791 1331 5854
Hodgkin lymphoma 4 021 1941 729 5172 3 019 1587 512 4921 1 002 5864 826 41627
MMW/ID 31 086 3617 2544 5143 28 079 3559 2458 5155 3 007 4258 1373 13203
Non-Hodgkin lymphoma 12 199 604 343 1064 9 182 494 257 949 3 016 1837 593  56.96

Obs observed, Exp expected, SIR standardized incidence ratios, LCL lower confidence limit, UCL upper confidence limit, MM/ID myeloma multiple and malignant
immunoproliferative diseases

?Excluding patients diagnosed with cancer before fulfillment of primary SjS criteria (n = 55) and patients with an age at SjS diagnosis <15 years (n = 6) (the age
category “0-14" was excluded when SIR were computed). From 6 patients with an age at SjS diagnosis <15 years, one was diagnosed with cancer

PExcluding 7 patients with hematological neoplasia not included in the GLOBOCAN categories (1 refractory cytopenia with multilineage dysplasia, 1 refractory
anemia with unilineage dysplasia, 1 refractory anemia with excess blasts, 1 myelodisplastic syndrome unclassifiable, 1 mastocytosis, 1 essential thrombocythemia,
and 1 angioimmunoblastic T-cell lymphoma) (see Additional file 1: Table S5) and 4 patients who developed first a solid cancer and subsequently a
hematological cancer

1Excluding patients with non-melanoma skin cancer (n =4, not included in the GLOBOCAN classification) and a non-classifiable skin cancer (n =1, uncertain
whether was a melanoma or non-melanoma cancer)

§Excluding 4 patients with neoplasia not included in the GLOBOCAN categories (2 endocrine, 2 ocular)

Although the vast majority of cells infiltrating the cases (2%), although a recent study [28] has described an in-
salivary glands of patients with primary SjS are T cells  creased risk in primary SjS patients presenting with mo-
[6], the majority of lymphomas reported are of B-cell noclonal gammopathy. Among non-B-cell hematological
origin (in our study, the ratio between B- and T-cell cancers, we found 8 patients with myeloid neoplasia/
lymphomas was 15:1). Among B-cell lymphomas, the leukemia (not reported in previous studies), four cases of
different subtypes not only have differing clinical pre- Hodgkin disease, and three cases of T/NK-cell lymphoma
sentations but also have a different frequency and, logic- (4 cases and 2 cases previously reported, respectively)
ally, a different prognosis. Therefore, the identification [8-10, 21], representing 25% of the hematological
of predictive factors for the development of the different cancers observed.
subtypes of B-cell lymphoma seems rational. Three Recent studies have confirmed severe parotid invo-
subtypes of lymphoma alone account for more than 90%  lvement, purpura, leukopenia, anti-La antibodies, raised
of reported cases in primary SjS (Table 5): MALT levels of BAFF and beta2-microglobulin, cryoglobulins,
lymphoma (58%), DLBC (20%), and MZ lymphoma monoclonal band, and hypocomplementemia as risk
(13%). Plasma-cell myeloma was reported in only four factors for B-cell lymphoma [24, 25, 29, 30]. The present
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study is the first to report that the prognostic role of
these risk factors may differ according to the subtype of
hematological cancer. We found a higher risk of MALT
lymphoma in patients presenting with systemic activity,
positive cryoglobulins, and low C3 levels at SjS diagno-
sis, while the risk of non-MALT B-cell lymphomas was
unrelated to systemic activity, with anemia, monoclonal
gammopathy, cryoglobulins, and low C4 levels at SjS
diagnosis being the main risk factors. For non-B-cell
hematological cancers, risk factors were systemic activity,
cytopenias (anemia, thrombocytopenia and leukopenia),
and cryoglobulins at SjS diagnosis. With respect to the
influence of immunosuppressive therapies in the develop-
ment of cancer, we found a higher risk of developing
hematological cancer in patients who ever received corti-
costeroids/immunosuppressants, although the differences
were non-significant after adjustment for the main
predictive factors in which systemic activity is in-
cluded. The explanation for the disappearance of sig-
nificant differences in the multivariate model is that
the more active patients are those who are mainly
treated with corticosteroids/immunosuppressants and,
therefore, the adjustment of comparisons for systemic
activity yielded non-significant differences.

Analysis of systemic organ-by-organ activity showed
that activity in the lymphadenopathy domain at SjS diag-
nosis was associated with a high risk of all subtypes of
hematological neoplasia, while activity in the glandular
domain was associated with the development of MALT
lymphoma, activity in the biological domain with non-
MALT lymphoma, and activity in the constitutional,
pulmonary, and hematological domains with non-B-
cell cancers. These differentiated high-risk profiles
(Additional file 2: Figure S1), which are present at the
diagnosis of primary SjS, may help physicians identify
which patients may be at high risk of developing a
specific subtype of hematological cancer. Together with
the differentiated clinical presentation and the predilection
for specific lymphoma subtypes, these high-risk profiles
may contribute to an as-early-as-possible diagnosis and,
therefore, to earlier specific therapeutic management that
could improve survival.

We also analyzed and characterized the development
of solid neoplasia in our cohort of patients with primary
SjS and found that the risk was not increased with re-
spect to the control population, in contrast to the results
reported in Chinese patients [21]. Only two previous
studies analyzed the risk for specific types of solid cancer
and reported a lower risk for the development of colon
and breast cancers [11, 27] and a higher risk for thyroid
cancer [11]. We found an enhanced risk for the develop-
ment of thyroid, lip/oral cavity, and stomach cancers
(SIRs of 5.17, 4.81, and 2.53, respectively), with an
enhanced risk of developing any of these three cancers
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(HR 10.44) found in non-white patients. The highest risk
was for thyroid cancer, in which several risk factors [31]
are clearly shared with primary SjS, including the pre-
dominantly female involvement [32], the low frequency
of smokers [33], and the high frequency of association
with autoimmune thyroiditis [34, 35]. The finding of the
higher risk for cancers of the oral cavity and stomach in
women with primary SjS is interesting, since the oral
cavity is overwhelmingly involved in primary SjS and the
stomach is the most frequent extraglandular extranodal
site of lymphoma involvement in primary SjS [36],
although further specific studies of the potential influ-
ence of dietary and other lifestyle factors (not analyzed
in our study) are necessary. We also explored a potential
association between the degree of oral involvement and
the risk of developing cancer of the lip/oral cavity, but
found no significant association between dry mouth, the
severity of parotid scintigraphy results, and the presence
of lymphocytic sialoadenitis in the salivary biopsy (data
not shown), although the number of patients was too
small to make solid conclusions.

Several methodological considerations should be dis-
cussed with respect to our results. The first is the limita-
tion of the database available to estimate the SIRs for
hematological cancer in the Spanish population (GLO-
BOCAN), since the two main GLOBOCAN categories
(NHL and MM/ID) contain a mix of B-cell subtypes. In
the case of primary SjS, the inclusion of the most frequent
hematological cancer (MALT) in the MM/ID category and
not in the NHL category may cause some misinterpretation
of the corresponding SIRs (31 for MM/ID, 12 for NHL); in
fact, the SIR for the combination of the three categories of
lymphomas included in GLOBOCAN was 1541 (95% CI
11.58-20.51). In addition, 11 of the 61 hematological
cancers developed by our primary SjS patients were not
included in the GLOBOCAN categories corresponding
to the hematological cancers, leading to a probable
underestimation of the global SIR for hematological
neoplasia found in our study. This highlights the im-
portance of detailed information in these types of
studies on the correspondence between the classifica-
tion of hematological neoplasia often used in clinical
practice (WHO) and the classification used in the can-
cer database of the general population (overwhelmingly
using ICD codes). In addition, a potential risk of selec-
tion bias between the different types of hematological
cancers should be taken into account (tertiary care cen-
ters will probably report a wider spectrum of cancer
subtypes than less specialized centers). Homogeneity in
classifying SjS patients according to the most accepted
criteria (2002 AECG) is important, a factor not applied
in recent studies that used the older 1993 criteria [37, 38]
or in which the diagnosis of SjS was self-reported by the
patient [39-41].
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Conclusions

Patients with primary SjS had an 11-fold higher risk of de-
veloping hematological cancers than the general Spanish
population. One third of the cancers developed during the
study follow-up period were B-cell lymphomas (of which
MALT lymphomas accounted for 60% of cases); the main
prognostic factors identified at SjS diagnosis included
systemic activity, cytopenias, and cryoglobulin-related
immunological markers, although the weight of these
factors differed for each subtype of B-cell lymphoma.
Primary SjS was also associated with a higher risk of some
types of non-hematological cancers (thyroid, oral cavity,
and stomach). Patients with primary SjS should be closely
followed not only for the enhanced risk of hematological
cancer (not only B-cell lymphomas), but also for some
types of solid cancer.

Additional file

Additional file 1: Table S1. Frequency of solid and hematologic
cancers. Table S2. Comparison between patients who developed solid
cancer and those who developed hematological cancer. Table S3.
Sensitivity analysis comparing no/low activity vs. moderate/high activity.
Table S4. Mean baseline ESSDAI scores of patients classified according to
the type of cancer. Table S5. Analysis of a potential influence of SJS-
related therapies (pilocarpine, hydroxychloroquine, corticosteroids, im-
munosuppressive agents, intravenous immunoglobulin and rituximab) in
the development of cancer. Table S6. Analysis of potential predictive fac-
tors for the development of these three non-hematological cancers (thy-
roid, lip and oral cavity, and stomach cancers). Table S7. Correlation
between the WHO 2016 nomenclature and the four categories of
hematological cancer used in the GLOBOCAN database (which are based
on ICD codes). (DOCX 38 kb)

Additional file 2: Figure S1. Frequency of the main WHO subtypes of
hematological cancer and the corresponding predictive factors identified
at SjS diagnosis. (TIF 182 kb)
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