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         Sjögren syndrome (SS) is one of the most common chronic, slowly progressing 
systemic autoimmune diseases. It occurs in 0.1–3.0 % of the general population 
with a prevalence of 0.2–1.4 %. Therefore, it is the second most prevalent autoim-
mune disease after rheumatoid arthritis. The disease predominantly affects women 
with female-to-male ratio of 9:1. It develops mainly between the fourth and sixth 
decades of life [ 1 – 5 ]. Exocrinopathy with keratoconjunctivitis sicca and xerostomia 
are the hallmarks of the disease. However, the diversity of the clinical spectrum and 
disease complications is broad, and approximately half of the patients develop sys-
temic disorders during their disease course [ 1 – 4 ,  6 ]. SS is referred to as “primary 
SS” if it is not associated with other autoimmune diseases; otherwise it is indicated 
as a secondary disease. Most of the work reviewed in this chapter refers to the pri-
mary form unless otherwise specifi ed. 

26.1     Lymphoproliferative Disorders and Sjögren Syndrome 

 A broad spectrum of lymphoproliferative activity has been recognized in patients 
with Sjögren syndrome (SS patients) over the past decades. This spectrum ranges 
from benign to malignant lymphoproliferation [ 6 – 14 ]. A series of case reports and 
studies demonstrated increased levels of circulating monoclonal immunoglobulins 
and free light chains, circulating CD5-positive B cells, and mixed monoclonal cryo-
globulinemia and more importantly a high incidence of malignant non-Hodgkin 
lymphoma (NHL) [ 6 ,  8 ,  15 – 18 ]. There is considerable evidence that Sjögren syn-
drome carries a greater risk of developing NHL compared with other autoimmune 
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diseases [ 6 ,  10 – 14 ,  19 – 21 ]. Moreover, NHL has a detrimental effect on the survival 
of SS patients [ 6 ,  10 – 14 ,  19 ,  20 ].  

26.2     Lymphoma and Sjögren Syndrome 

 The association between lymphoma and autoimmunity has been known for several 
decades [ 19 – 22 ]. The fi rst report of lymphoma in patients with Sjögren syndrome 
was in 1963 [ 15 ]. Thereafter, a number of case reports and studies raised concerns 
about the risk of lymphoma as a major complication in Sjögren syndrome [ 6 , 
 18 – 21 ]. 

 Smedby et al. conducted a population-based, case-control study in Denmark and 
Sweden which included 3,055 NHL patients and 3,187 matched controls who were 
interviewed about their history of autoimmune and chronic infl ammatory disorders, 
markers of severity, and treatment. The overall risk (OR) for NHL was high in 
Sjögren syndrome, rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), 
and celiac disease. SS patients had a sixfold increased risk of NHL, which is the 
highest among the four autoimmune diseases (OR was 6.1, 1.5, 4.6, and 2.1, respec-
tively) [ 23 ]. 

 Subsequently, a meta-analysis of fi ve studies conducted between 1987 and 2000 
showed that SS patients had an 18.8 times increased risk of developing NHL com-
pared to the general population. Similarly, NHL risk in SS patients was higher than 
in RA and SLE patients with a standardized incidence ratio (SIR) of 3.9 and 7.4, 
respectively [ 23 ].  

26.3     The Incidence of Non-Hodgkin Lymphoma in Patients 
with Sjögren Syndrome 

 The exact incidence of NHL in SS patients is not well defi ned and has been variably 
reported over the years. This is largely due to disparity in the included number of 
patients and in the duration of follow-up in each series. The main studies are sum-
marized in the following sections (Table  26.1 ).

   Five main studies reported a very high risk of NHL in SS patients with an SIR 
ranging between 33 and 44. In an early work by the National Institutes of Health 
(NIH), 7 out of 136 female SS patients developed NHL 6 months to 13 years after 
being seen at the NIH. Compared to women in the same age range in the general 
population at that time, women with SS had a 43.8 times higher incidence than 
expected [ 24 ]. Similarly, in an Italian series of 331 SS patients, 9 were diagnosed 
with NHL with a relative risk (RR) of 33.3. The incidence rate of NHL was also 
relatively variable, 5.4/1,000 per year in the north and 4.8/1,000 per year in the 
center-south of the country [ 8 ]. 

 In the third study, Davidson et al. identifi ed 3 NHL cases among 100 SS patients 
within 10 years of follow-up. Considering the whole cohort, the relative risk of 
NHL was 14.4. SS patients express autoantibodies targeting the Ro and La 
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components of a ribonucleoprotein. These antibodies are involved in the systemic 
infl ammation of the disease [ 25 ]. In this study, NHL occurred only in the Ro/
La-seropositive patients. Therefore, by restricting the analysis to this subgroup of 
patients, the RR was 49.7, comparable to the level of risk indicated by Kassan et al. 
[ 24 ,  25 ]. Likewise, a signifi cant increase in lymphoma incidence (SIR 37.5) was 
estimated among 112 patients with SS treated at the University College Hospital, 
London [ 26 ]. The fi fth study retrospectively assessed malignancy risk in 1,320 SS 
Chinese patients. With an average follow-up of 4.4 years, patients were found to be 
at higher risk of malignancy compared to the general population. The SIRs for all 
malignancies and for lymphomas were 3.25 and 48.1, respectively [ 27 ]. 

 In two other SS series, higher incidences of NHL in SS patients compared to the 
corresponding matched general population were observed (SIR = 13 and 15.57, 
respectively) [ 28 ,  29 ]. In the Finish series, 3 NHL (2 B-cell and 1 T-cell lymphoma) 
cases occurred compared to 0.23 expected among 110 SS patients within 2, 4, and 
10 years from SS diagnosis [ 28 ], while the follow-up period was of about 7 years in 
the Swedish series during which 11 NHL cases were observed compared to 0.71 
expected [ 29 ]. 

 On the other hand, and compared to the previously mentioned risk rates, four 
studies indicated a lower NHL risk rate in SS (SIR range: 4–9), which was still 
signifi cant compared to the general population. For example, the SIR for NHL was 
8.7 and 4.5 in a cohort of 676 primary SS patients and 709 secondary SS patients 
collected from the Finnish hospitals’ national discharge registry, respectively [ 30 ]. 
In accordance, 7 of 443 Norwegian SS patients were found to have NHL with an 
estimated SIR of 9.0. NHL occurred at a median time of 9.3 years (range: 
6.8–18.2 years) after the diagnosis of SS [ 31 ]. 

 In the third study, Weng et al. analyzed the SIR of NHL among 6,911 Taiwanese 
women affected by SS. Twenty-three patients were documented with NHL resulting 
in an SIR of 7.1 [ 3 ]. More recently, Fallah et al. observed 143 NHL cases after an 
average 9 years of follow-up of 4,570 SS patients with an SIR of 4.9 [ 32 ]. 

    Table 26.1    Studies on the risk of non-Hodgkin lymphoma (NHL) in patients with Sjögren 
syndrome   

 Reference  No. of SS patients  No. of observed lymphomas  SIR (95 % CI) 

 Kassan et al. [ 24 ]  142  7  44.4 (16.7–118.4) 

 Kauppi et al. [ 30 ]  676  11  8.7 (4.3–15.5) 

 Valesini et al. [ 8 ]  295  9  33.3 (17.3–64.0) 

 Davidson et al. [ 25 ]  100  3  14.4 (4.7–44.7) 

 Pertovaara et al. [ 28 ]  110  13  13 (2.7–3.8.0) 

 Lazarus et al. [ 26 ]  112  11  37.5 (20.7–67.6) 

 Theander et al. [ 29 ]  286  11 + 1  15.57 (777–2785) 

 Zhang et al. [ 27 ]  1,320  8  48.1 (20.7–94.8) 

 Weng et al. [ 3 ]  6,911  23  7.1 (425–103) 

 Johnsen et al. [ 31 ]  443  7  9.0 (71–253) 

 Fallah et al. [ 32 ]  14,570  143  4.9 (42–58) 
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 The results of the main studies addressing the relative risk of NHL occurrence in 
SS are summarized in Table  26.1 .  

26.4     Predictive Factors for the Development 
of Non-Hodgkin Lymphoma 

 Several clinical and laboratory factors are thought to be correlated with an increased 
risk of NHL in SS patients. 

 Clinical factors are mainly related to the duration and severity of the disease. 
This may refl ect chronic antigenic stimulation, a mechanism thought to be 
involved in the pathogenesis of lymphoma development. These factors include 
prolonged parotid gland enlargement, lymphadenopathy [ 33 ,  34 ], vasculitis such 
as purpura [ 29 ,  33 ,  34 ], and infl ammatory neuropathy [ 28 ]. The onset of SS at a 
young age has also been linked to greater NHL risk [ 35 ,  36 ]. In a series of 387 
Italian SS patients, Baldini et al. found that salivary gland enlargement and dis-
ease duration are independent risk factors [ 21 ,  37 ]. This is supported by the 
results of a recent study by Solans-Laqué et al. who showed that the cumulative 
risk of developing lymphoma increased from 3.4 % in the fi rst 5 years to 9.8 % 
at 15 years [ 38 ]. 

 In another retrospective study involving 536 SS patients, the presence of neutro-
penia, cryoglobulinemia, splenomegaly, lymphadenopathy, and low C4 levels at 
diagnosis predicted a fi vefold increased risk of marginal zone (MZ) lymphomas 
compared to patients with no risk factors, whereas lymphocytopenia was a risk fac-
tor for diffuse large B-cell (DLBC) lymphoma [ 39 ]. 

 Theander et al. also showed that low CD4+ (hazard ratio, HR = 8.14) and a 
low CD4+/CD8+ ratio (HR = 10.92) are strong predictors of being diagnosed 
with lymphoma [ 29 ]. 

 Other laboratory biomarkers that are considered to be risk factors for NHL 
include mixed monoclonal (type II) cryoglobulinemia, low serum complement (C4) 
levels, and the presence of monoclonal gammopathy in the serum or free light 
chains in the urine [ 22 ,  28 ,  34 ,  40 – 43 ]. Solans-Laqué et al. found that only hypo-
complementemia and lymphocytopenia are independent risk factors. Moreover, 
hypocomplementemia was correlated to higher mortality [ 38 ]. 

 Other more recently identifi ed biologic markers are the presence of germinal 
center-like (GC-like) structures [ 44 ] and the focus score of lymphocytic infi ltration 
of the minor salivary glands of SS patients. The latter is determined by the number 
of lymphocyte foci per 4 mm 2  of glandular tissue [ 45 ]. 

 Theander et al. examined 175 minor salivary gland biopsies performed at base-
line in SS patients. GC-like structures were signifi cantly more frequent in patients 
who later developed NHL versus those without subsequent NHL (86 % versus 
22 %, respectively). It is worth noting that the GC-like structures are detectable 
more than 7 years before lymphoma occurs [ 44 ]. However, they are not part of the 
routine assessment of SS patients. Therefore, measuring the focus score (high ≥3) 
could be an alternative biomarker for identifying patients at NHL risk [ 45 ].  
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26.5     Subtypes of Sjögren Syndrome-Associated 
Non- Hodgkin Lymphomas 

 A remarkable association between mucosa-associated lymphoid tissue (MALT) 
lymphomas and Sjögren syndrome is well recognized [ 31 ,  32 ,  40 ,  46 ,  47 ]. 
Conversely, in more recent studies, DLBC lymphoma was either as frequent as 
MALT or actually the most frequent subtype [ 29 ,  32 ,  48 ,  49 ]. 

 Voulgarelis et al. described 33 cases of NHL in 765 SS patients. SS and NHL 
were diagnosed at the same time in 2 patients and in 31 others at intervals ranging 
from 1 to 36 years after diagnosis. Twenty-three patients (69.7 %) had low-grade 
lymphomas, of which 12 were MALT, 8 were small lymphocytic/plasmacytoid, 1 
was small lymphocytic, 1 was monocytoid B cell, and 1 was follicular mixed large 
and small cell. Ten patients had intermediate- or high-grade lymphomas. Among 
them, three had MALT, fi ve had large-cell immunoblastic, one had DLBC, and one 
had follicular lymphoma subtypes. Median survival of patients in the high/interme-
diate and low histological grades was 1.83 years and 6.33 years, respectively [ 40 ]. 

 In a population-based study by Smedby et al., 12 cases of NHL occurred over a 
range of 2–30 years after SS diagnosis. There was a signifi cant increase in the risk 
of MZ (RR = 28) and DLBC lymphomas (RR = 11) [ 47 ]. 

 Six of the seven SS-associated lymphomas in the Norwegian series were of the 
MALT type. Johnsen et al. reported that among them, four were located in the 
parotid gland and the others in the labial salivary glands, the thymus gland, and 
the lingual tonsil. The seventh presented with concomitant B-cell chronic lympho-
cytic leukemia (B-CLL) and extranodal marginal zone (ENMZ) lymphomas [ 29 ]. 
Similarly, Lazarus et al. found that 8 of the 11 patients with SS-associated NHL 
were MALT type, 1 was high-grade NHL, and 2 were of unknown subtype [ 26 ]. 

 More recently, Papageorgiou et al. evaluated the medical records of all consecu-
tive patients with an initial diagnosis of primary SS at the University of Athens 
between 1993 and September 2013. Of the 77 patients diagnosed with NHL, MALT 
lymphoma constituted the majority (51/77, 66.2 %) of NHL subtypes, followed 
DLBC (12/77, 15.6 %) and nodal marginal zone (NMZ) lymphomas (8/77, 10.4 %). 
Compared to patients with DLBC, MALT lymphoma patients were signifi cantly 
younger (median age was 55 versus 69 years, respectively) and developed lym-
phoma much earlier (median time from SS diagnosis to MALT development was 
65.80 versus 97.54 months, respectively) [ 50 ]. 

 In contrast to the above data, six other studies suggested that the incidence of 
SS-associated diffuse large B-cell NHL is higher than previously estimated [ 27 ,  29 , 
 32 ,  48 ,  49 ,  51 ]. Tonami et al. reviewed 27 reported lymphoma cases in 463 patients 
with Sjögren syndrome. The calculated prevalence of lymphoma in patients with 
Sjögren syndrome was 5.8 %. Twenty-six were NHL and one was Hodgkin disease. 
Of the 26, only 6 were MALT, while the others were diffuse medium ( n  = 10) and 
diffuse large [ 49 ]. 

 In the second study, Vasaitis et al. examined 70 SS-associated lymphomas occur-
ring at a mean follow-up time of 13 years (3–35 years) in 236 SS patients whose 
data were retrieved from the national Swedish patient registry. The percentage of 
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MALT ( n  = 24) and DLBC ( n  = 22) lymphomas was quite similar (34.3 % versus 
31.4 %, respectively). Involvement of the parotid gland was common among the 
MALT ( n  = 18/24; 75 %), but not among the DLBC lymphomas ( n  = 2/22; 9 %). 
There were only a few cases of other lymphoma subtypes: follicular mixed type and 
angioimmunoblastic T cell (two cases each) and follicular medium and T cell-rich 
B-cell type (one case each) [ 48 ]. 

 Theander et al. also revised 12 SS-associated lymphomas, and diffuse large B 
cell was the most frequent subtype (7/12; 58 %), while the other 5 were small lym-
phocytic lymphomas ( n  = 3) and follicular and anaplastic large T-cell NHL (1 case 
each) [ 29 ]. 

 Fallah et al. confi rmed this observation in his recent Swedish series of 143 
SS-associated lymphomas. Diffuse large B-cell lymphoma was the main histologi-
cal subtype ( n  = 41 cases), followed by follicular cell ( n  = 28), mantle cell ( n  = 4), 
and T-cell and small lymphocytic lymphomas (one each). In addition, this cohort 
included 15 other unspecifi ed NHL subtypes [ 32 ]. 

 Voulgarelis and colleagues evaluated 584 SS patients who were diagnosed 
between 1980 and 2010, of whom 53 subsequently presented NHL, the majority of 
which were MALT (59 %) lymphomas. Nodal marginal zone lymphoma and DLBC 
lymphoma made up 15 % each. The remaining 11 % ( n  = 6) were lymphoplasma-
cytic NHL ( n  = 2) and small lymphocytic NHL, follicular NHL, peripheral T-cell 
NHL unspecifi ed, and classic Hodgkin disease (one case each) [ 51 ]. 

 In the Chinese cohort, seven of the eight SS-associated NHL patients had B-cell 
NHL and only one had T-cell NHL. Four B-cell NHLs were confi rmed by parotid 
biopsy. 

 A similar number of pathologic subtypes of B-cell type, including diffuse large 
B-cell lymphoma and lymphomas of mucosa-associated lymphoid tissue (two cases 
each), one intravascular large B-cell lymphoma, and two B-cell lymphomas, unclas-
sifi able, were seen [ 27 ].  

26.6     Pathologic Features and Underlying Mechanisms 

 Any type of malignant lymphoma can affect the salivary glands, either primarily or 
secondarily [ 52 ,  53 ]. A further distinction should be made between tumors involving 
the gland parenchyma and those affecting the lymph nodes comprised within it, the 
latter being at times erroneously considered primary events. Herein, only “de novo” 
lymphoid tumors of the salivary glands will be discussed. These are indeed rare 
(about 7 % of all lymphomas of the head and neck) and more frequently affect the 
parotid gland (78 %) [ 54 ,  55 ]. The histotype can vary from follicular lymphoma [ 56 ] 
to Hodgkin lymphoma [ 57 ], although ENMZ/MALT lymphoma represents the most 
common variety [ 58 ,  59 ], thus warranting a detailed description also in the light of its 
shared association with SS and hepatitis C virus (HCV) infection [ 7 ,  58 ,  59 ]. 

 From a morphologic point of view [ 58 ], ENMZ lymphoma consists of small- to 
medium-sized cells that display variable profi les. They may resemble centrocytes 
with cleaved nuclei, monocytoid B cells with a wide rim of clear cytoplasm and 
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distinct borders, or more rarely, small mature lymphocytes. The number of mitotic 
fi gures is usually low. Features of plasma cell differentiation are commonly seen, at 
times becoming prominent. Some blasts are always scattered throughout: they do 
not affect the clinical behavior unless they form either clusters consisting of at least 
20 elements or sheetlike proliferations which are regarded as indicative of transfor-
mation into a DLBC lymphoma. Such population most often develops around reac-
tive secondary follicles in a marginal zone distribution. Importantly, the follicles can 
be colonized by neoplastic cells. In the most common situation, tumoral elements 
overrun the lymphoid follicles, leaving behind scattered germinal center cell frag-
ments and dispersed mantle zone cells resulting in a vague nodular pattern. At times, 
they may selectively infi ltrate, replace, and expand germinal centers, resulting in an 
appearance that mimics follicular lymphoma. 

 An important diagnostic feature of MALT lymphomas is usually the presence of 
lymphoepithelial lesions, defi ned by the infi ltration and distortion of epithelial struc-
tures by aggregates of (usually three or more) neoplastic cells [ 58 ]. This is not the case 
in the setting of the salivary glands. In fact, the tumor generally develops on a back-
ground of a myoepithelial sialadenitis/benign lymphoepithelial lesion [ 58 ]. When 
fully developed, the latter comprises atrophic acinar tissue infi ltrated by small lym-
phocytes and plasma cells, often with reactive lymphoid follicles and characteristi-
cally with numerous epimyoepithelial islands. The fi rst morphologic manifestation of 
ENMZ lymphoma is the presence of halos or collars of neoplastic cells around the 
epimyoepithelial islands. Such infi ltrates usually show immunoglobulin light chain 
restriction and clonal IgVH rearrangement by polymerase chain reaction (PCR) (see 
below). More advanced lymphomas reveal expansile, often destructive proliferations 
of neoplastic MZ cells “cavitating” preexisting benign lymphoepithelial lesions. 

 Immunohistochemistry shows that neoplastic cells bear the following profi le: 
CD20+, IgM (>IgA > IgG) +, W>IgD-, CD5-, CD10-, BCL6-, and cyclin D1 (1, 7). 
Such phenotype allows to exclude mantle cell lymphoma and follicular lymphoma 
but is not per se pathognomonic. The IRTA1 monoclonal antibody is the only cur-
rently existing specifi c marker that reacts with more than 90 % EMZLs [ 60 ]. In 
particular, the “balls” of neoplastic cells growing within the lymphoepithelial 
lesions display very strong staining. Unfortunately, although extensively applied in 
some centers, the IRTA1 monoclonal antibody is not yet commercially available. 
Aberrant CD43 expression occurs in about half of the cases. In properly fi xed mate-
rial, monotypic restriction of Ig light chains is easily detected in both the perinuclear 
spaces of neoplastic cells and the associated plasma cell component, which also 
expresses IRF4/MUM1. The stains for CD21 and CD23 highlight remnants of 
 follicular dendritic cells. Lastly, in case of follicular colonization, lymphomatous 
elements progressively lose IRTA1 and acquire BCL6 in the absence of CD10 
 staining [ 60 ]. The latter fi nding is indeed useful for distinguishing colonized 
 follicles from residual follicles (CD10+ BCL6+). 

 PCR studies based on the BIOMED-2 approach detect a monoclonal Ig rearrange-
ment in most, if not all, cases [ 58 ]. Ig sequencing shows a high load of somatic muta-
tions, which can become ongoing in case of follicular colonization. Conversely to 
what is seen in lymphoplasmacytic lymphoma, MYD88 mutations rarely occur [ 61 ]. 
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Three chromosomal translocations [t(11;18)(q21;q21)/API2-MALT1, t(14;18)
(q32;q21)/IgH-MALT1, t(1;14)(p22;q32)/(IgH-BCL10)] can be detected in the 
ENMZLs of the salivary glands, while to the best of the authors’ knowledge, the 
t(3;14)(p14;q32)/IgH-FOXP1 has not never been detected [ 58 ]. The three transloca-
tions seem to promote lymphoma development by a shared mechanism. In particular, 
they trigger NF-kB activation, a transcription factor that controls lymphocyte prolif-
eration and apoptosis via the deregulation of BCL10 or MALT1 expression. The 
t(14;18)(q32;q21)/IgH-MALT1 represents the most commonly reported transloca-
tion in the setting of salivary gland MALT lymphoma, the remaining two being much 
rarer or even exceptional [ 58 ].  

26.7     The Outcome of Patients with Sjögren 
Syndrome- Associated Lymphomas 

 The prognosis of lymphoma is widely variable depending on the histological sub-
type and grade as well as other factors such as disease stage. In general, low-grade 
lymphomas such as MALT lymphomas have a very good prognosis, and 5-year 
survival is approximately 90 %. On the other hand, aggressive forms like diffuse 
large B-cell lymphoma have a 5-year survival of 60 %. 

 Three relatively large studies examined the outcome of patients with SS-associated 
lymphomas [ 39 ,  40 ,  62 ]. 

 In 1999, Voulgarelis et al. investigated the survival of 33 SS-related lymphoma 
patients categorized by histological subtype and showed that the median survival 
of patients with the high/intermediate histological grades was 1.83 years, while of 
low grades it was 6.33 years. The presence of B symptoms and largest tumor 
diameter >7 cm, along with histological classifi cation, were associated with worse 
survival [ 40 ]. 

 Pollard et al. explored the clinical course of patients with localized MALT lym-
phoma of the parotid gland that is linked to Sjögren syndrome. Lymphoma occurred 
in 35 cases out of 329 SS patients at a median follow-up of 76 months (range 
16–153 months). Treatment was “watchful waiting” ( n  = 10), surgery ( n  = 3), radio-
therapy ( n  = 1), surgery combined with radiotherapy ( n  = 2), rituximab alone ( n  = 13), 
or rituximab combined with chemotherapy ( n  = 6). Fourteen patients achieved com-
plete CR, while stable disease was achieved by 20 patients and partial response by 
1 patient. High SS disease activity was a poor prognostic factor for the progression 
of lymphoma and/or SS. The authors suggested that such patients should receive 
treatment despite having localized indolent lymphoma [ 62 ]. 

 Papageorgiou and colleagues analyzed overall and event-free survival (OS and 
EFS) in the largest and most recent cohort of 77 SS-associated NHL patients. Events 
were lymphoma relapse, treatment failure, disease progression, histological trans-
formation, or death. Ten patients died, fi ve suffered a relapse, two experienced pro-
gression/transformation, and fi ve patients developed other hematological 
malignancies that included T-cell NHL (two cases) and multiple myeloma, Hodgkin 
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disease, and thymoma (one case each). Seven of the deaths were due to neutropenic 
sepsis, two were due to relapse, and one death was attributed to reasons other than 
lymphoma or treatment-related causes. The 5-year OS and EFS for the entire NHL 
cohort was 90.91 % and 77.92 %, respectively. Depending on NHL subtypes, the 
5-year OS was 94.12 % for MALT versus 87.5 % for NMZ, 75.0 % for DLBC, and 
100 % for other lymphoma subtypes. The 5-year EFS was 86.27 % for patients with 
MALT, 62.5 % for patients with NMZ lymphoma, 50.0 % in DLBC lymphoma 
patients, and 83.3 % for other lymphoma subtypes. Survival differences between 
MALT and DLBC lymphomas were statistically signifi cant [ 50 ]. The studies also 
revealed that the severity of SS disease (using the disease activity score) negatively 
impacts on the prognosis of NHL patients. Compared to patients with low SS dis-
ease activity, those with high disease activity had a greater risk of death (OR = 5.241) 
or of an event (OR = 4.317). Consequently, they had signifi cantly worse EFS and 
OS. The authors also recognized additional predictors of lymphoma prognosis, such 
as an elevated the lymphoma international prognostic index (IPI) score and bone 
marrow involvement. After adjustment for identifi ed risk factors, IPI score retained 
a signifi cant effect on survival outcomes followed by a strong trend for SS disease 
activity score [ 50 ]. 

 A diagnosis of lymphoma worsens expected survival in SS patients [ 32 ,  38 , 
 51 ,  63 ]. Horvath and colleagues showed that having a lymphoproliferative disease 
during the course of SS disease increased the risk of mortality. Likewise, Voulgarelis 
and coworkers found that lymphoma was the main cause of death in patients with 
SS with a standardized mortality ratio of 3.25 in patients with lymphoma and 1.08 in 
patients without lymphoma [ 51 ]. 

 A number of studies examined the outcome of SS-related lymphomas with spe-
cifi c types of therapy [ 39 ,  40 ,  64 ]. Ambrosetti and colleagues observed no signifi -
cant differences in outcomes between SS patients with salivary MALT lymphomas 
who had undergone a variety of treatment modalities and those who were only 
observed [ 39 ]. This is consistent with a previous study which demonstrated that 
both SS and SS-associated salivary MALT lymphoma patients have a similar clini-
cal course with a median overall survival of 6.4 years [ 40 ]. 

 Voulgarelis and coauthors reported a 75 % CR rate with the purine analog 
2-chloro-2-deoxyadenosine (2-CdA) in four SS-associated B-cell lymphoma 
patients during a 4-year follow-up. Interestingly, SS manifestations improved as 
well. Authors suggested that pronounced 2-CdA-induced T-cell depletion exerts an 
additional therapeutic effect in SS patients. Due to the small cohort and short fol-
low- up, investigators could not come to any defi nitive conclusions on the therapeu-
tic role of 2-CdA in SS-associated lymphoma [ 65 ]. 

 Rituximab is a therapeutic agent used in the treatment of SS, with or without 
associated MALT lymphoma. Fifteen patients with primary SS were included in a 
phase II trial exploring the safety and effi cacy of rituximab in SS patients ( n  = 8) 
and SS-related MALT lymphomas ( n  = 7). Of the seven patients with MALT lym-
phomas, CR was achieved in three, stable disease in three, while one patient pro-
gressed [ 64 ]. 
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 On the other hand, R-CHOP is the treatment of choice in SS-related aggressive 
NHL [ 66 ,  67 ]. Six SS patients with DLBC lymphoma were assigned to receive eight 
cycles of R-CHOP in a phase II trial. Patients were compared to a historic control of 
nine DLBC lymphoma patients treated with CHOP alone. A signifi cant difference 
was observed in OS between the two groups, with a 2-year OS of 100 % in the 
R-CHOP-treated group versus 37 % in the control group. SS-related symptoms 
were also better in the study group, thus refl ecting the immunogenic effect of ritux-
imab on SS [ 67 ].  

    Conclusions 

 In summary, the risk of developing lymphoma in SS patients is considerably higher 
than in the general population. The majority of SS patients develop low-grade, usu-
ally ENMZ/MALT lymphoma subtype. High-grade DLBC lymphoma is seen in 
10–15 % of SS-related lymphoma patients. The incidence of DLBC lymphoma 
seems to be underestimated in SS patients, and some studies showed that DLBC 
subtypes occur at rates similar to or even higher than that of low-grade lymphomas. 
Several clinical features and laboratory biomarkers are correlated to the risk of lym-
phoma in SS patients. However, there is currently not enough evidence to support 
their use in routine clinical practice. SS patients who are diagnosed with lymphoma 
have worse survival compared to SS patients who have no lymphoma. Studies on 
the mechanisms underlying lymphomagenesis in SS patients are ongoing.     
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