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ABSTRACT
The formation of lymphomononuclear 
cell infiltrates organising as periductal 
infiltrates in the salivary glands of pa-
tients with primary Sjögren’s syndrome 
(pSS) is one of the hallmarks of the 
disease. Historically, the clinical role 
of salivary gland histopathology, most 
commonly performed on labial salivary 
gland biopsies, has been confined to 
the clinical classification and diagnosis 
of pSS whereby according to the ACR- 
EULAR a positive histopathology find-
ing is a requirement for the diagnosis 
of pSS in the absence of anti-Ro/SSA 
antibodies. In recent years, further un-
derstanding of the heterogeneity of the 
immune cell infiltration and organisa-
tion within the salivary glands of pSS 
patients and its correlation with clini-
cal manifestations of the disease has 
led to propose salivary gland histopa-
thology as a novel tool able to identify 
patients at higher risk of developing 
more severe extraglandular manifesta-
tions and lymphoma. Furthermore, re-
cent clinical developments in ongoing 
randomised clinical trials with novel 
biologics in pSS have focused on sali-
vary glands histopathology to inform 
on patients stratification based on tar-
get validation, proof of drug efficacy 
and mechanisms of response/resistance 
to therapy. However, lack of standardi-
sation of methodology and analysis has 
hindered the reproducibility of data 
from different groups and no definitive 
evidence in support of the use of sali-
vary glands histopathology to inform 
clinical management of patients with 
pSS has been provided. In this review, 
we summarise recent evidence high-
lighting the promises and pitfalls of 
salivary glands histopathology in pSS 
emphasising the need for an interna-
tional consensus on standardisation of 
methodology with validation in large 
prospective multicentre initiatives. 

Introduction
In this review, following a brief intro-
duction on the cellular and molecular 
mechanisms underlying the formation 
of the periductal inflammatory infil-
trates in the target tissue of pSS, we 
will focus on three critical aspects of 
salivary glands histopathology which 
are of important clinical relevance in 
patients with pSS: i) the performance 
of histopathology as diagnostic tool; ii) 
the potential role of salivary gland bi-
opsies as predictors of disease severity 
and progression towards lymphoma and 
iii) the emerging role of salivary gland 
histopathology in informing clinical re-
sponse in clinical trials.  For each of the 
above points we will review the current 
supporting evidence and we will criti-
cally review the existing limitations.

Formation of the periductal 
lymphoid infiltrate
The salivary glands of pSS patients are 
characterised by chronic inflammation 
as witnessed by the presence of lym-
phocytic infiltrates (or lymphocytic 
foci) located around the striated ducts 
(Fig. 1A). These so-called periductal 
foci can be seen in both minor and ma-
jor salivary glands and are present in 
most pSS patients. The foci are mainly 
composed of T- and B-lymphocytes 
with few other mononuclear cells, in-
cluding macrophages, myeloid and 
plasmacytoid dendritic cells, and fol-
licular dendritic cells (1). They may 
develop to organised ectopic lymphoid 
structures resembling secondary lym-
phoid organs with segregated T- and B-
cell areas, and high endothelial venules 
(HEVs) (2). These structures contain all 
components to carry out effectively im-
mune responses. This is reflected by the 
presence of germinal centres (GCs) in 
the B-cell areas of the organised peri-
ductal infiltrate in roughly a quarter of 
the pSS patients (3) and the presence of 
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(IgG) plasma blasts and plasma cells at 
the border of the infiltrate (2). Initially, 
(activated) lymphocytes and (IgG ex-
pressing) plasma blasts are thought to 
be attracted towards the salivary gland 
tissue by the combined action of pro-in-
flammatory cytokines and chemokines. 
The triggers for this early event are not 
known, but viruses might well be im-
plicated (4). A major pro-inflammatory 
chemokine likely involved in the early 
formation of the periductal infiltrate is 
the chemokine CXCL10 (IP-10) which 
is highly expressed by the ductal epithe-
lium (5, 6). Increased levels of CXCL10 
are found in saliva, tears and serum 
from pSS patients. Early pSS patients 
express the highest levels of CXCL10 
in their saliva, emphasising the impor-
tance of this chemokine in the initial 
phases of the disease (7, 8). CXCL10 
binds to its receptor CXCR3, which is 
highly expressed by CD4+ Th1 cells (9). 
Several other cells, including (activated 
and memory) B-cells, IgG secreting 
plasmablasts and some plasmacytoid 
dendritic cells express this receptor 
and can also be attracted to the salivary 
glands (10). The relatively unorganised 
infiltrates may transform towards more 
organised ectopic lymphoid structures. 
Triggers essential for this transition in 
human salivary glands are only poorly 
understood, but a role for lymphoid tis-
sue inducer cells and Th17 cells have 
been suggested (11-13). These cells 
produce cytokines such as lymphotoxin 
β, RANKL, IL-17 and IL-22 which, in 

turn, promote production of the homeo-
static lymphoid chemokines CXCL13, 
CCL19, CCL21 and CXCL12 by stro-
mal and other cells (2, 12, 13). All these 
chemokines (protein and mRNA) are 
strongly upregulated in salivary glands 
of pSS patients (14-17). Collectively 
they are involved in attraction of naïve 
and memory T- and B-lymphocytes, 
plasmablasts, and other immune cells 
to the inflamed sites, and formation and 
maintenance of the organised lymphoid 
structures (2). Prolonged activation of 
the glands leads to development of fol-
licular dendritic cell (FDC) networks 
and segregation of the T- and B-cells 
(18). The FDCs, which characteristi-
cally express the long isoform of CD21 
(complement receptor 2), as well as 
other stromal cells produce CXCL13 
and are instrumental in the formation of 
B-cell rich areas, due to the binding of 
this chemokine to its receptor CXCR5. 
In conjunction with CXCL12, CXCL13 
also supports formation and function of 
GCs (15, 19, 20). This important role of 
CXCL13 in pSS histopathogenesis is il-
lustrated by the fact that elevated levels 
of this chemokine are detected in the 
saliva and blood of pSS patients with 
the highest saliva levels seen in patients 
with xerostomia (21). Furthermore, 
high expression levels of CXCL13 in 
the labial gland biopsy are associated 
with higher number of periductal foci 
and higher disease activity (22). This 
might indicate that with progression of 
the disease, as indicated by more severe 

inflammatory lesions in the glandular 
tissue, the number of infiltrating B-
lymphocytes increases (1). CXCL12 is 
also produced in healthy salivary glands 
and is important for migration and sur-
vival of (largely IgA+) plasma cells in 
the proximity of the acini (23, 24). In 
pSS patients the production of CXCL12 
by acinar and ductal cells is strongly 
enhanced (15, 16). Together with IL-6 
and APRIL it forms survival niches for 
long-lived plasma cells within the sali-
vary gland tissue (25). Thus, the initial 
infiltrate, which is rather unorganised, 
evolves under the influence of homeo-
static, lymphoid chemokines towards 
ectopic lymphoid structures character-
ised by segregated T- and B-cell areas 
(with FDC networks), in which GCs 
may develop. Whether progression of 
the disease in individual pSS patients is 
always associated with these sequential 
stages of histopathology remains to be 
shown. 

Focus score and its diagnostic role
The presence of foci is thus a hallmark 
of the disease. For this reason histo-
pathological analysis of the salivary 
gland is an important item in diagno-
sis and classification. A biopsy can be 
taken from either the labial or the pa-
rotid salivary gland. Although in most 
centres a labial gland biopsy is taken, 
the parotid gland biopsy is a good alter-
native and is a well-tolerated and safe 
procedure in experienced hands (26, 
27). For diagnosis and classification of 

Fig. 1. Histopathological changes in parotid gland biopsies of pSS patients.
The examples are all from parotid gland tissue. A) Periductal focus surrounded by unaffected parenchyma. B) Centrally located duct forming a lymphoepithe-
lial lesion within a focus. C) Dual staining for IgA and IgG expressing plasma cells, showing a decrease of <70%IgA expressing plasma cells.
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pSS the presence of focal lymphocytic 
sialadenitis (FLS) in glandular biopsies 
(either labial or parotid) is assessed. The 
term FLS refers to the histopathological 
pattern of the presence of one or more 
foci in the biopsies, while the tissue sur-
rounding the foci is composed mainly 
of unaffected parenchyma (28). A focus 
is defined as an aggregate of ≥50 lym-
phocytes and the focus score (FS) is the 
total number of foci per 4mm2 salivary 
gland tissue (29, 30). In both labial and 
parotid gland a FS of ≥1 is considered 
as a positive biopsy and used for the 
classification of pSS. With a high FS 
of about 10, the foci become confluent 
and an arbitrary maximal score of 12 is 
given (30, 31).
The importance of the calculation of 
the FS in the salivary gland biopsies 
is reflected by the prominent place of 
the biopsy in the current ACR-EULAR 
classification criteria. In these crite-
ria a positive biopsy (i.e. FS≥1 per 4 
mm2) accounts for 3 points, similar to 
the presence of anti-SSA antibodies. 
In these criteria, 1 point is attributed 
to either reduced saliva production or 
reduced tear production (or ocular 
damage). A total of 4 or more points 
in suspected pSS patients (i.e. patients 
with at least one symptom of ocular or 
oral dryness or positive ESSDAI (Eu-
ropean League Against Rheumatism 
Sjögren’s Syndrome Disease Activ-
ity Index) leads to the classification 
of pSS (32, 33). Thus, for fulfillment 
of the criteria a positive biopsy and/or 
presence of anti-SSA antibodies is re-
quired. For a correct assessment of the 
FS, analysis of a glandular surface area 
of at least 8mm2 is recommended (34). 
The specificity and diagnostic accuracy 
of the biopsy can be increased by mul-
tiple cutting levels, especially for pSS 
patients with a FS of 1.0 to 1.9 (35). For 
the diagnosis of pSS, the sensitivity and 
specificity of the parotid gland biopsy 
and labial gland biopsy are comparable. 
The sensitivity of the labial gland bi-
opsy ranges from 63.5% to 93.7% and 
specificity from 61.2% to 100%. The 
parotid gland biopsy has a sensitivity 
of 78% and specificity of 86% (36, 37).
Not all pSS patients have a positive 
salivary gland biopsy. In 18–40% of the 
pSS patients the labial gland biopsy is 

negative, i.e. have a FS<1.0 (37-39). 
These patients are at risk to be mis-
classified as non-pSS according to the 
ACR-EULAR criteria. The clinical di-
agnosis based upon expert opinion is 
in these cases important. Obviously, a 
FS<1.0 does not always imply that foci 
are completely lacking in the biopsies. 
It is not known whether the foci are 
evenly spread throughout the salivary 
glands, and there is always a risk for 
sampling errors, in particular in patients 
with low numbers of foci. Multiple cut-
ting levels in an inconclusive biopsy 
might reduce the possibility of a falsely 
negative biopsy (34). Foci can also be 
found in healthy individuals: 6-9% of 
the healthy individuals have a FS of 
>1.0 in the labial gland biopsy and 5% 
in the parotid gland biopsy (37, 40, 41). 
In addition to the FS, two scoring sys-
tems for salivary glands are in use for 
diagnosis and classification of pSS (see 
Table I). Also these scoring systems are 
based on the presence of foci. Grading 
according to Tarpley takes the destruc-
tion of acinar tissue and fibrosis into 
account and Chisholm and Mason, also 
the presence of diffuse infiltrates, when 
the FS is lower than 1 (29, 42). Since 
all three scoring systems are in use, it 
is important to avoid any confusion, to 
indicate which scoring system has been 
used for the evaluation of the tissue.

Limitations of the focus score
The FS (and the other scoring systems 
based upon the number of foci) is a ro-
bust classification tool in defining biop-
sies as positive or negative, but it has 
certain shortcomings. Although the def-
inition of the FS should not give rise per 
se to significant issues with interpreta-
tion, in reality failure to apply the FS or 
its miscalculation in clinical diagnostic 
setting is rather the norm. Vivino et al. 
reported that a second expert evalua-
tion of 58 labial salivary glands re-an-
alysed by a single centre led to revision 
of the initial diagnosis in a staggering 
53% of the patients (43). Problems in 
assessing the FS also arise when other 
histopathological patterns such as non-
specific chronic sialadenitis, sclerosing 
chronic sialadenitis are present (28). 
Furthermore, features such as acinar at-
rophy, interstitial fibrosis and increase 

in fat cells are frequently present in the 
biopsy. With increasing age of healthy 
individuals, acinar atrophy, fibrosis and 
increase of fat cells are commonly ob-
served in the labial salivary gland tissue 
(44, 45). These age-associated changes 
result to a reduced acinar capacity and 
may consequently lead to a decrease in 
saliva production. Compared to healthy 
controls, the labial gland biopsies of 
pSS patients exhibit more acinar at-
rophy and fibrotic changes (46, 47). 
This is likely the result of the sustained 
chronic inflammation. There is no con-
sensus whether there is an increase in 
the amount of adipose tissue in labial 
gland biopsies of pSS patients com-
pared to age-matched healthy controls. 
The study of Skarstein et al. (48) re-
ported a higher occurrence of fat infil-
tration in labial gland biopsies in pSS 
patients compared to non-pSS controls. 
In contrast, Leehan et al. (49) showed 
that the increased area of fat tissue in 
the labial gland biopsy is not specific as-
sociated with pSS but is a selective fea-
ture of aging. For the calculation of the 
FS, Fisher et al. (34) recommended to 
evaluate the whole section of the gland, 
including, fibrotic areas tissue, atrophic 
areas and adipose tissue. When fibrotic 
and atrophic changes in the biopsies 
progress, the inflammation is slowly 
extinguished leading to a “burnt-out” 
biopsy, even resulting in a negative FS 
(50). How many patients finally evolve 
to this stage is not known. Generally 
speaking, the FS is thought to be rather 
stable and only progresses slowly over 
time (50, 51). In the study of Shiboski 
et al. (52) repeated biopsies with a 2 
to 3 year time interval were taken in 
498 participants (Sjögren patients and 
non-SS sicca patients) from the SIC-
CA-cohort. In these patients the labial 
gland biopsy changed in 7% of the pa-
tients from FS-negative to FS-positive, 
in 11% of the patients from positive to 
negative and in 82% of the patients the 
FS remained unchanged (52).
An important drawback of the FS is that 
it only based upon the number of foci 
and does not include the size of these 
foci. For a better estimation of the level 
of inflammation in the salivary gland 
biopsy, the area of infiltrate can be eval-
uated (34, 53). This gives a more pre-
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cise indication of how much glandular 
tissue is involved in the inflammation. 
Likely, such an approach is also more 
sensitive to change, in case sequential 
biopsies are taken for evaluation of 
treatment effects, or for follow-up of 
disease progression. This is especially 
important when foci are confluent and 
should strictly be considered as a single 
focus. Measurement of the area of infil-
trate can be done with a regular HE stain 
or after immunohistological staining for 
CD45 (staining all leucocytes) (34, 53). 
Currently, there is no cut-off level for 
the classification/diagnostic use of the 
area of infiltrate, but in clinical trials 
with pre- and post-treatment biopsies 
measurement of the infiltrated area can 
give important information (53).

Other histopathological markers 
besides focus score
In addition to periductal infiltrates there 
are also other histopathological features 
in the glands that are associated with 
pSS and therefore might be indicative 
for this disease. Besides FS, lympho-
epithelial lesions (LELs) and a relative 
decrease of IgA+ plasma cells, appear 
to be characteristic for pSS (54-57). 
Both features can aid in assessment of 
the salivary gland biopsies for the di-
agnosis of pSS, especially when the FS 
in the biopsy is <1. LELs are striated 
ducts, which are infiltrated by lympho-
cytes with concurrent hyperplasia of 
the epithelial cells (Fig. 1B). LELs can 
be found both in labial and in parotid 
glands, albeit that they seem to be more 
pronounced within the parotid gland 
tissue (37). These structures are always 
associated with periductal infiltrates 
and solitary LELs are not present. In 
pSS patients LELs are present in 93% 
of the parotid gland biopsy compared to 
33% of the labial gland biopsies (58). 
The sensitivity and specificity of LELs 
in the diagnosis of pSS is not known. 
The current hypothesis in development 
of LELs is that the infiltrated lympho-
cytes cause the hyperplasia of the epi-
thelium (56, 58). This hyperplasia can 
ultimately result in complete occlusion 
of the striated duct. Based upon the pro-
portion of the hyperplastic epithelium 
we proposed a classification system 
for the severity of the LELs: stage 1: a 

partial LEL (affecting <50% of the epi-
thelium), stage 2: developed LEL (af-
fecting 50% -100% of the epithelium), 
stage 3: occluded LEL (fully circumfer-
entially affected epithelium without lu-
men) (53). The infiltrating lymphocytes 
comprise both B- and T-cells. With 
progression of the severity of the LELs 
the relative number of B-cells within 
the lesions increase, suggesting an 
important role for B-cells in epithelial 
proliferation. [Van Ginkel, unpublished 
data] The vast majority of the B-cells 
within the LELs of pSS patients express 
FcRL4 (58). Fewer FcRL4+ B-cells are 
located outside the LELs, but within 
the foci. The FcRL4+ B-cells represent 
a small subset of highly proliferative 
mucosal memory B-cells (59, 60). Most 
non-Hodgkin lymphomas associated 
with pSS are (salivary gland) mucosa-
associated lymphoid tissue (MALT) B 
cell lymphomas and 93%-97% of these 
MALT lymphomas (MALT-L) express 
FcRL4+ (58, 61). We have shown that 
also B-cells in the LELs are targeted 
with rituximab treatment (53, 62). This 
results into normalisation of the ductal 
epithelium, which strongly argues that 
factors derived from the FcRL4+ B-
cells are responsible for the epithelial 
hyperplasia. Although LELs are charac-
teristic for pSS, it is not specific for the 
disease and for example HIV infections 
also could lead to cystic LELs within 
the glandular tissue (63). Whether and 
how LELs contribute to classification 
and/or diagnosis of pSS remains to be 
shown. But given its highly character-
istic presence in pSS the role of LELs 
should further be explored.
Besides LELs the salivary gland of pSS 
patients also show a relative decrease in 
IgA+ plasma cells, and relative increase 
in IgG+ and IgM+ plasma cells com-
pared to control individuals (Fig. 1C) 
(55). This relative decrease is largely 
due to a marked increase in numbers of 
IgG+ and in to a lower extent also IgM+ 

plasma cells (25, 55). The absolute 
number of IgA+ plasma cells remains 
more or less constant in pSS. The IgG+ 
and IgM+ plasma cells are mostly lo-
cated in the periphery of the foci and 
unaffected parenchyma. The diagnostic 
threshold of <70% IgA was set by Bo-
deutsch et al. based upon labial gland 

biopsies pSS patients compared to the 
control groups consisting of healthy 
controls, keratoconjunctivitis sicca pa-
tients and RA patients (54). In the bi-
opsies of pSS patients the relative de-
crease of <70% IgA has a specificity of 
95.4% and a sensitivity of l00% (55). 
Several studies showed that a relative 
decrease of <70% IgA+ plasma cells 
(and consequently increase in IgG+ and 
IgM+ plasma cells) was more sensitive 
and more disease specific than the FS 
(54, 57, 64). Even without the presence 
of foci a decrease of <70% IgA+ plasma 
cells is possible (57). These robust data 
indicate that the combination of FS and 
<70% IgA can increase the accuracy of 
the biopsies as indicative for the diag-
nosis of pSS or not (57).
According to the ACR-EULAR classi-
fication criteria the salivary gland biop-
sy has to fulfill the criterion of FS≥1 to 
be considered positive (32, 33). In daily 
clinical practice, however, an evalua-
tion of the salivary gland biopsy for the 
presence of LELs and <70% IgA+ plas-
ma cells besides the FS may aid in the 
correct diagnosis of pSS. For instance, 
if a biopsy with FS<1 but LELs and a 
decrease of >70% IgA+ plasma cells are 
present, it is reasonable to interpret the 
biopsy as suggestive for pSS. Vice ver-
sa, if a biopsy has a FS just above 1 and 
lacks these additional features, the cli-
nician should be aware that there might 
be a risk of a falsely positive biopsy.

Salivary gland histopathology 
as predictor of disease severity 
and lymphomagenesis: the case 
for and against ectopic GCs
The appreciation of the high heteroge-
neity of the degree of immune cell in-
filtration in the salivary glands of pSS 
patients ranging from sparse T cells 
to highly organised B cell-rich folli-
cles has prompted the investigation of 
whether salivary gland histopathology 
could be associated with disease sever-
ity and predict disease evolution includ-
ing lymphomagenesis.  Approximately 
5% of patients with pSS will develop 
a non-Hodgkin B-cell lymphoma, most 
commonly MALT-L, which predomi-
nantly arises in parotid glands as a low 
grade lymphoproliferative disorder, but 
can evolve into more aggressive large 
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B cell lymphomas (65). Malignant B 
cell clones originate from precursors 
already infiltrating the pSS salivary 
glands during the polyclonal phase 
of the local humoral response and are 
progressively enriched during the pro-
gression from lymphoepithelial lesions 
to MALT-L (58, 66). Of interest, malig-
nant B cells often display Ig variable 
heavy (IgVH) gene rearrangement ob-
served in rheumatoid factor producing 
B cells suggesting that lymphomagen-
esis in pSS is an (auto)antigen-driven 
process taking place within the salivary 
gland tissue (67, 68). Antigen-driven B 
cell selection normally takes place in 
GCs within secondary lymphoid organs 
but there is definitive evidence that also 
ectopic GCs in the salivary glands of 
pSS allow affinity maturation of GC 
B cells with somatic Ig gene hyper-
mutation (69). Somatic hypermutation, 
but also Ig isotype class switching, is 
dependent on the enzyme activation-
induced cytidine deaminase (AID) en-
coded by the AICDA gene (70) which 
is expressed by GCs in the pSS salivary 
glands (71). Of interest, AICDA mRNA 
expression in MALT-L is strongly as-
sociated with the process of aberrant 
somatic hypermutation whereby off-
target mutations in important genes 
regulating B cell proliferations promote 
genetic instability and malignancy (72). 
Thus, there is a strong immunological 
rationale whereby GCs might represent 
key early pathogenic players in the pro-
cess of B cell lymphomagenesis and 
their histopathological detection in the 
salivary glands might help in predicting 
patients at increased risk of lympho-
magenesis; however, conflicting evi-
dence on this topic has emerged in the 
last 10 years, including respective data 
obtained independently from the Au-
thors of this review. These studies are 
reviewed below in chronological order 
of publication. 
In a first report in a small retrospective 
cohort of 8 pSS patients with MALT-L 
and matched parotid and labial salivary 
gland biopsies the prevalence of GCs 
in labial salivary gland tissue prior (av-
erage 3.3 years) to lymphoma was re-
ported to be significantly higher (75% 
vs. 33%) in SS patients who later de-
veloped MALT-L (71). In this work, 

Table I. Grading systems for salivary gland biopsies of Chisholm/Mason and Tarpley (29, 42).

Chisholm/Mason  Tarpley

Grade Lymphocytes per 4 mm2 of salivary Grade Description 
 gland tissue  

0 Absent 0 Normal
1 Slight infiltrate 1 1 or 2 aggregates# (minimal infiltration)
2 Moderate infiltrate or less than one focus* 2 >3 aggregates#

3 One focus* 3 Diffuse infiltrate with partial destruction  
   of acinar tissue with or without fibrosis
4 More than one focus* 4 Diffuse infiltrate with or without fibrosis  
   destroying the lobular architecture 
   completely

*Focus: a cluster of 50 or more lymphocytes and histiocytes.
#Aggregate: approximately 50 cells (lymphocytes, plasma cells, or histiocytes).

Table II. Guidelines for assessing salivary gland biopsies in general and for in clinical trials.
Table from publication of Fisher et al. (34)

General assessment 

1. The minimum number of minor salivary glands is suggested to be four (six if small), and should be 
surgically separated

2. The minimum surface area of gland sections examined should be 8 mm2

3. If the first cutting level is inconclusive, or in the context of a clinical trial, consideration should 
be given to including two additional cutting levels at 200 µm intervals (typical focus diameter is 
<50 μm) in order to increase the surface area

4. Care should be given to preparation of paraffin blocks, with smaller glands set higher to allow 
midspecimen sampling during cutting

5. Histological examination should determine whether there is FLS present. Attribution of FLS, or 
possible FLS, should be followed by calculation of a focus score

6. The extent (absent, mild, moderate, severe) of atrophy, fibrosis, duct dilatation and non-specific 
chronic sialadenitis, in addition to the presence or absence of FLS, should be reported

7. Calculation of the focus score should include the whole of the glandular surface area in the denomi-
nator, to avoid introduction of bias

8. The presence or absence of germinal centre-like structures and lymphoepithelial lesions should be 
reported

Guidance relevant to clinical trials

1. The Focus score should be recorded, and the area of individual foci should also be summed and di-
vided by glandular area to give a more quantitative indication of the extent of glandular infiltration

2. Once FLS has been confirmed, all foci should be included in the Focus score and in area of foci 
calculations, even when adjacent to abnormal acini or ducts, to avoid introduction of bias

3. Staining for CD3, CD20 and CD21 should be included, and the presence of germinal centre-like 
structures should be reported as the proportion of foci with both T/B-cell segregation and follicular 
dendritic cell networks. Consideration should be given to reporting the mean B/T cell ratio in foci

4. Scoring should be undertaken by two trained observers who have reviewed a reference slide set, and 
with reporting of intraobserver and interobserver variability

5. Samples should be scored blind to subject and order

6. High-resolution image morphometry of each sample should be stored

7. Given the stable or slowly progressive nature of the histological features, baseline biopsies may 
be substituted with prior biopsies to reduce the number of biopsies required. However, given the 
limited evidence available, these should have been acquired no longer than 1 year prior to baseline

8. The optimal period of time for rebiopsy has not been established and will depend on the agent em-
ployed.
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GCs were defined by the presence of 
CD21+ FDC networks containing AID+ 
GC B cells. In a retrospective-prospec-
tive study of a large Swedish cohort of 
174 pSS minor salivary gland biopsies 
Theander et al. reported the presence of 
ectopic GCs, determined using haema-
toxylin and eosin as focal lymphocytic 
foci with a densely packed dark zone 
and a light zone, in 32% of the patients. 
Linkage with the national cancer regis-
try identified 7 pSS patients with NHL 
with a median time lapse between sali-
vary gland biopsy and NHL diagnosis 
of 8 years. Similar to the previous re-
port, the prevalence of GCs in pSS pa-
tients who later developed lymphoma 
was significantly increased (86%). The 
relative risk of developing NHL in pSS 
patients with GC formation calculated 
using Cox regression analysis and Ka-
plan Meier statistics/log rank test was 
15.4-fold higher compared to the GC 
negative pSS subset with a negative 
predictive value of 99%. Additionally, 
the presence of GC correlated with 
anti-SSA/SSB autoantibodies, lympha-
denopathy and peripheral neuropathy 
as defined in the relevant ESSDAI do-
mains (73).
These promising data were not con-
firmed by Johnsen et al. who conducted 
a retrospective nationwide search in the 
Cancer Registry of Norway and identi-
fied 21 patients with lymphoma (~50% 
with salivary gland MALT-L) including 
12 with previous, concomitant or sub-
sequent matching labial salivary glands 
tissue blocks (74). These were analysed 
for GCs and compared with 28 labial 
salivary gland biopsies from patients 
with pSS without lymphoma matched 
for sex and age. GCs were defined by 
haematoxylin and eosin staining plus 
immunohistochemistry for IgD/CD21 
and IgD/CD38. Although pSS patients 
with lymphoma displayed a significant-
ly higher FS, no significant difference 
in the prevalence of GCs was observed. 
Somewhat surprisingly, in this study 
ectopic GCs were more frequent in pSS 
without than with lymphoma (46% vs. 
33%) a result which was also mirrored 
by a higher prevalence of CD21+ FDC 
networks (71% vs. 58%).
In a large Greek cohort the presence 
of GC in the labial salivary gland bi-

opsy were not an independent risk fac-
tor for NHL development (75). This 
cohort compromised 92 pSS patients 
with NHL (79% MALT-L) and 381 pSS 
patient without lymphoma. Of the 92 
pSS patients with NHL, 49 minor sali-
vary gland biopsies were available and 
11 (22%) showed GC. In the pSS pa-
tients without lymphoma 12/101 (12%) 
showed GC in the minor salivary gland 
biopsy (p=0.15). In the biopsies of the 
pSS patients who did develop NHL a 
FS >1.6, Tarpley score ≥3 and the pres-
ence of monoclonality in the tissue 
were significantly more frequently ob-
served. The manner in which GCs were 
assessed in the biopsies was not given 
in the article.
Similar negative results were reported 
in the University of Groningen Medi-
cal Center cohort where 11 labial sali-
vary gland biopsies taken at diagnosis 
were available from patients who later 
developed MALT-L (median time lapse 
4 years) (76). A population of 22 pSS 
patients with no lymphoma was taken 
as control. In this cohort, GC identifica-
tion was based on haematoxylin and eo-
sin plus staining for Bcl-6, a marker of 
GC B cells. No difference in the preva-
lence of GC was observed (18% in both 
groups), although pre-lymphomatous 
LEL were observed in 7 out of 11 of the 
GC+ pSS subset prior to lymphoma. 
In a more recent multicentre French 
study of 115 minor salivary gland bi-
opsies with 8 identified cases of sub-
sequent NHL (median time lapse 51 
months), Sene et al reported a signifi-
cant increase in the prevalence of GCs 
comparing pSS patients with and with-
out subsequent NHL (37.5% vs. 15% 
with an incidence of GCs of 16.5% in 
the total pSS cohort) (77). In this study 
the definition of the GC was based on 
haematoxylin and eosin staining to-
gether with presence of FDC and B 
cells with low activity of Bcl-2 and high 
activity of Bcl-6. Of relevance, after 
Cox multiple regression analysis, but 
not in univariate analysis, the presence 
of ectopic GCs in the salivary glands 
remained an independent positive pre-
dictor of lymphoma with a conferred 
increase hazard ratio of 7.8.
In addition to the above studies, indi-
rect evidence of the potential clinical 

relevance of GCs on lymphomagen-
esis has been provided by Carubbi et 
al. (78) who showed that GC+ pSS pa-
tients displayed increased prevalence 
of several clinical and laboratory risk 
factors previously associated with lym-
phoma including salivary gland swell-
ing, hypergammaglobulinaemia, RF 
positivity. Additionally, they reported 
that pSS patients with GC had a higher 
prevalence of a salivary gland FS >3, 
which is of significant interest consid-
ering that a FS ≥3 has been reported in 
multivariable linear regression analysis 
as an independent risk factor for lym-
phomagenesis in pSS patients based on 
a meta-analysis by Risselada et al. (79).

Reconciling conflicting data on 
ectopic GCs in pSS: the need for 
longitudinal studies and consensus 
on standardisation
As emerged from the studies reviewed 
above salivary gland histopathology, 
with particular reference to the identi-
fication of ectopic GCs, has potential 
clinical utility in the management of 
pSS by identifying patients with an in-
creased risk of severe manifestations 
and lymphoma. A critical review of 
the evident pitfalls of existing studies, 
including those from the Authors of 
this review, would help in further pro-
gressing the field thus paving the way 
for more conclusive studies. At least 
two major criticisms should be made 
regarding existing data; those related 
to study design and those related to 
the identification of GCs. Regarding 
the former, the major limitation is the 
retrospective nature of these studies, 
potentially introducing selection bias, 
particularly in the control population. 
Additionally, considering the relatively 
low prevalence of lymphoma in pSS, 
all the previous studies have largely un-
derpowered cohorts with only a handful 
of cases with lymphoma available for 
analysis. Further confusion is depend-
ent on the inclusion of different sub-
types of NHL in the different studies, 
from selected populations of MALT-L 
to a mix of different lymphoprolifera-
tive malignancies underlined by diverse 
pathogenic mechanisms. Furthermore, 
high variability in the follow up time 
from labial biopsies to diagnosis of 
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NHL, ranging from medians of few 
months to several years further com-
plicates the comparative analysis in 
different studies. On top of the above 
limitations which are somewhat intrin-
sic to the complexity of studying a low 
prevalence clinical manifestation in a 
relatively low prevalence disease such 
as pSS, there are technical aspects re-
lated to the identification of GCs which 
could be overcome with a consensus on 
standardisation of the protocols used 
to define what an ectopic GC is. This 
aspect should move away from the 
identification of GCs in secondary lym-
phoid organs such as tonsils or lymph 
node as ectopic GCs in pSS salivary do 
not necessarily reflect the same physio-
pathological mechanisms. As reviewed 
above, virtually all existing studies on 
GCs in pSS salivary glands have used a 
different definition of GCs resulting in 
highly variable incidences of GCs in the 
different cohorts. Simple haematoxylin 
and eosin staining has intrinsic limita-
tions as a clear separation of dark and 
light zone is frequently absent in ec-
topic GCs. Furthemore, LEL can some-
times be mistakenly identified as GCs. 
Addition of immunohistochemistry for 
the identification of GCs is certainly of 
help, however, there is no consensus 
on the markers required. Double stain-
ing for CD3/CD20 followed by CD21 
can help identifying follicles with T/B 
cell segregation with differentiation of 
FDC networks; however, CD21 staining 
can potentially overestimate the preva-
lence of GCs as the non-long isoform of 
CD21 is also expressed by B cells. More 
specific staining for GC B cells such as 
Bcl-6 and AID display variable degrees 
of sensitivities and risk falling in the op-
posite direction of underestimating GC 
prevalence. Additionally, there are other 
critical aspects which need to be consid-
ered and cannot be critically evaluated 
in the present studies. GCs are “skip 
lesions” which are variably present in 
adjacent minor salivary glands, thus a 
minimal number of individual biopsies 
should be taken in order to cover mini-
mal total area of 8 mm2, as we recently 
suggested (34). Additionally, including 
multiple cutting levels would maximise 
the accuracy of the analysis (35). All 
these factors combined advocate for 

consensus guidelines to standardise the 
assessment of ectopic germinal centre-
like structures in salivary gland tissue of 
pSS-patients (80, 81) which is currently 
work in progress as part of the EULAR-
endorsed eSSential study group. Fur-
thermore, design of prospective multi-
centre studies with centralised review of 
labial salivary gland biopsies would be 
required to provide definitive evidence 
in support of the use of salivary gland 
histopathology in general and ectopic 
GCs in particular as clinically meaning-
ful predictors of disease progression to 
inform management of pSS patients. 
This could be achieved through large 
collaborations of academic partners, 
such as the Horizon2020 EU-funded 
HarmonicSS consortium (http://har-
monicss.eu).

Role of salivary glands biopsies 
in clinical trials
Since xerostomia is one of the major 
complaints of pSS and salivary glands 
are a primary target of the autoimmune 
process, the histopathological changes 
in these glands are of utmost impor-
tance for evaluating (new) treatment 
options. Currently, most clinical trials 
take the change in ESSDAI scores as 
primary endpoint, implying that pre- 
and post-treatment biopsies are not 
required (82, 83). Nevertheless, post-
treatment biopsy evaluation may give 
important information about efficacy 
of the treatment, mode of action of the 
compound, effect on the glandular tis-
sue and the pathogenic mechanism of 
the disease. 
The inclusion of pSS patients in clini-
cal trials is usually based upon the lat-
est classification criteria for pSS. Hence 
also patients without a salivary gland 
biopsy, or with a “negative” biopsy 
may enter these trials. In these negative 
biopsies, in which lymphoid infiltrates 
may even be complete absent, the pos-
sible effect of treatment on the lympho-
cytic inflammation cannot be assessed 
in their post-treatment biopsies. Only 
few clinical trials used a positive sali-
vary gland biopsy as additional inclu-
sion criterion (84, 85). The disadvan-
tage is that fewer pSS patients qualify 
for inclusion into the study and that 
there might be a patient bias.

Although repeated biopsies can be tak-
en from both minor and major salivary 
glands, taking biopsies from the parotid 
glands has certain advantages. The ma-
jor advantage of parotid glands over 
labial glands is that post-treatment biop-
sies can be taken from exactly the same 
gland as the initial (diagnostic) biopsy 
to evaluate treatment efficacy (37, 86). 
Also, disease recurrence or progression 
can be monitored. Another advantage 
of the parotid biopsy is that histopatho-
logical results can be directly correlated 
with other clinical and laboratory find-
ings from the same gland such as pa-
rotid salivary flow, composition of the 
saliva and ultrasound (27, 87). Fisher 
et al. published consensus guidelines 
for assessing salivary gland biopsies in 
clinical trials (Table II). The evaluation 
of the biopsies encompasses the same 
aspects as for diagnostic biopsies and 
includes FS, percentage of CD45+ in-
filtrate presence of GCs and LELs. In 
addition, features like fibrosis, atrophy, 
fat infiltration and sialadenitis patterns 
besides FLS, should be reported (34). 
In addition to these general aspects, 
specific analysis should be performed, 
depending upon the drug used for treat-
ment.

Response of salivary gland biopsies 
to biological DMARDs therapy
There are no approved biological 
DMARDs yet for the treatment of pSS, 
but there are a number or trials that have 
been performed or are currently running. 
In Table III the major findings have 
been summarised of the trials that also 
analysed the effect of treatment on the 
salivary gland biopsy. Timing of the post 
treatment biopsies varies between the 
different trials and the histopathological 
items that were assessed are diverse. Ob-
viously there is a need for standardisa-
tion, in order to allow a proper compari-
son between the various studies. 
Here we describe briefly the results of 
the histopathological evaluation in re-
cent trials. BAFF (BLyS) plays an im-
portant role in the pathogenesis of pSS 
and elevated levels are present in the 
salivary glands (88). Belimumab blocks 
the binding of soluble BAFF (BLyS) to 
its receptors on B-cells. In this manner 
the survival of (autoreactive) B-cells, 
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their maturation and differentiation to-
wards immunoglobulin secreting plas-
ma cells are thought to be hampered (88, 
89). The efficacy of belimumab was first 
shown in an open label (BELISS) study 
of Mariette et al. (90) in which 18/30 
(60%) of the pSS patients responded 
based upon the SSRI-30 (Sjögren’s 
Syndrome Responder Index-30) and 
15/30 (50%) upon ESSDAI ≥3 points 
at week 28. Seror et al. (91) showed in 
a sub-study of 15 pSS patients of the 
BELISS trial that after 28 weeks of be-
limumab treatment the FS in the post-
treatment labial gland biopsies tended 
to decline with a significant decrease 
in the Chisholm grading (see Table I). 
Furthermore, belimumab decreased the 
proportion of BAFF-positive  cells  and 
the B-/ T-cell ratio in the foci. Although 
this study was rather small, belimumab 
did seem to alter the composition of the 
infiltrates in the glandular tissue and a 
clinical response in ESSDAI of ≥3 was 
seen in 6/15 (40%) of pSS patients. In bi-
opsies taken after continuous treatment 
up to 52 weeks, no significant difference 
in the FS was seen compared to baseline 
levels. Although FS and salivary func-
tion did not change after 52 weeks of 
treatment, the clinical response as meas-
ured by ESSDAI, continued to be lower 
than baseline levels (92).
Abatacept (CTLA4-Ig), which blocks 
the CD28-mediated co-stimulation of 
T-cells, has shown efficacy with re-
spect to the ESSDAI in a phase II trial 
of pSS (85). Treatment with abatacept 
resulted in a significant decline in ESS-
DAI, whereas unstimulated and stimu-
lated whole saliva flow did not increase. 
Abatacept treatment did not alter FS or 
the number of B-cells and T-cells in 
the parotid gland or the labial gland 
biopsy (93, 94). Nor did the amount of 
CD45+ infiltrate and number or sever-
ity of LELs change in the parotid gland 
biopsy. However, the number of GCs 
declined, and there was an increase in 
the number of IgM+ plasma cells (94). 
Likely this reduction of GC activity is 
the consequence of a reduced CD28-
mediated activation of Tfh cells (95). 
In the labial gland biopsy, Adler et al. 
found decreased numbers of Foxp3+ 
regulatory T-cells in the foci after 
abatacept treatment (93).

Rituximab is directed to CD20 and 
treatment of pSS patients leads to a 
near complete depletion of B-cells in 
the blood at 12 weeks. Rituximab is 
also able to affect the glandular infil-
trates in both labial and parotid glands, 
as reflected by lower FS or reduced 
surface area of CD45+ staining (53, 62, 
96-100). This effect is the direct result 
of a decline in B-cell numbers within 
the infiltrate, since T-cell numbers were 
unaffected. In addition there is a de-
crease in the number of GCs, within the 
infiltrates (53, 96). Not only B-cells that 
constitute the infiltrate, but also intra-
epithelial (FcRL4+) B-cells within the 
LELs were depleted by rituximab (58). 
This depletion of the intra-epithelial 
B-cells of the striated ducts was asso-
ciated with a normalisation/restoration 
of the ductal epithelium (53, 62), which 
illustrates the importance of the inter-
action between intra-epithelial B-cells 
and formation of LELs. These changes 
in parotid gland tissue after rituximab 
treatment, in particular the reduction 
in infiltrate size and normalisation 
of LELs, is partially reflected in the 
glandular function. Three studies re-
ported that the salivary flow increased 
after rituximab treatment (53, 62, 84, 
96). Other clinical studies showed no 
change in the salivary function upon 
rituximab treatment (99, 101-104). All 
together these studies indicate that the 
salivary gland function (measured by 
whole salivary flow) did not further 
deteriorate but remained stable or even 
improved after rituximab treatment.

Biopsies for stratification of patients
The various histopathological features 
might also be used for patient strati-
fication for treatment, and precision 
medicine. For example, Delli et al. (53) 
showed that high absolute number of B-
cells in the baseline parotid gland biop-
sy predicts better responsiveness of pa-
tients with pSS to rituximab treatment. 
Response to rituximab was in this study 
defined as a decline in ESSDAI of ≥3 
points which is considered a clinically 
meaningful improvement (105). This 
seems to be in contrast with studies of 
Cornec et al. (98, 106) showing that 
pSS patients with a high proportion of 
B-cells and higher FS in the labial sali-

vary gland predicted the absence of a 
clinical response to rituximab. In these 
studies responders were defined by the 
SSRI-30 a composite endpoint (107). 
As discussed extensively elsewhere 
(108, 109), differences in assessing B-
cells in sections (numbers vs. propor-
tions) and differences in how clinical 
response were measured (ESSDAI vs. 
SSRI-30), may contribute to explain the 
apparent differences in outcomes.
For belimumab, Seror et al. (91) 
showed that low numbers of NK-cells, 
mainly located in the periphery of the 
foci of the labial gland biopsy are as-
sociated with a better response to beli-
mumab. Also in this study response was 
defined as an decrease in ESSDAI of ≥3 
points. Remarkably, the baseline num-
ber of BAFF+ cells in the biopsy could 
not predict response to belimumab. 
Even when treatment with (biological) 
DMARDs leads to (complete) resolu-
tion of the inflammation of the glan-
dular tissue, it is questionable whether 
this will result in a salivary gland that 
is fully restored and saliva production 
that has been returned to normal. The 
inflammation in the glandular tissue is 
likely to cause irreversible damage in 
the form of fibrosis and loss of acinar 
cells leading to sustained reduced sa-
liva production (46, 47). Furthermore, 
in pSS patients the salivary gland stem 
cells responsible for the production 
of new epithelial and acinar cells are 
decreased in number and functional 
ability and exhausted as compared to 
healthy controls (112). This implies that 
after resolution of the inflammation, the 
gland cannot fully restore to the level of 
healthy individuals, and consequently 
saliva production might still be sub-
optimal. 
In summary, in clinical trials with pSS 
patients repeated biopsies give impor-
tant information about treatment ef-
ficacy, the mode of action of the drug 
and the pathogenic mechanism of the 
inflammation within the salivary gland 
tissue. Treatment with biologicals such 
as rituximab and belimumab appear to 
have a positive effect on the salivary 
glands with at least stabilisation of 
the salivary flow. Results from studies 
combining these two biologicals are 
eagerly awaited. Further studies for 
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stratification of patients and studies to 
evaluate glandular function when the 
salivary infiltrates are fully diminished 
are needed.

Conclusions 
There is little doubt that salivary gland 
histopathology is a cornerstone of the 
diagnostic algorithm in pSS, although 
the accuracy of the evaluation of FLS 
and FS calculations could be signifi-
cantly improved and can lead to er-
roneous or delayed diagnosis of pSS. 
Also evaluation of LELs and IgG/IgA 
plasma cells may contribute to the di-
agnosis. In addition to its diagnostic 
role, there is emerging evidence that 
salivary gland biopsies may help in 
predicting disease evolution and pro-
gression to lymphoma. However, lack 
of consensus on the definition of the 
minimal requirements for an accurate 
interpretation of the degree of immune 
cell infiltration and organisation in the 
salivary glands has hindered progress 
in the field. Finally, with the new era 
of biological therapies coming to frui-
tion in pSS, although currently limited 
to the clinical trial phase, there is hope 
that salivary glands histopathology 
may inform on patient stratification 
based on target validation and on the 
mechanisms of response, relapse and 
resistance to novel biologics.

References
   1. CHRISTODOULOU MI, KAPSOGEORGOU 

EK, MOUTSOPOULOS HM: Characteristics 
of the minor salivary gland infiltrates in 
Sjögren’s syndrome. J Autoimmun 2010; 
34: 400-7.

   2. BOMBARDIERI M, LEWIS M, PITZALIS C: 
Ectopic lymphoid neogenesis in rheumatic 
autoimmune diseases. Nat Rev Rheumatol 
2017; 13: 141-54.

   3. RISSELADA AP, LOOIJE MF, KRUIZE AA, 
BIJLSMA JW, van ROON JA: The role of 
ectopic germinal centers in the immunopa-
thology of primary Sjögren’s syndrome: a 
systematic review. Semin Arthritis Rheum 
2013; 42: 368-76.

   4. KIVITY S, ARANGO MT, EHRENFELD M et 
al.: Infection and autoimmunity in Sjögren’s 
syndrome: a clinical study and comprehen-
sive review. J Autoimmun 2014; 51: 17-22.

   5. KROESE FG, ABDULAHAD WH, HAACKE E, 
BOS NA, VISSINK A, BOOTSMA H: B-cell hy-
peractivity in primary Sjögren’s syndrome. 
Expert Rev Clin Immunol 2014; 10: 483-99.

   6. OGAWA N, PING L, ZHENJUN L, TAKADA 
Y, SUGAI S: Involvement of the inter-
feron-gamma-induced T cell-attracting 
chemokines, interferon-gamma-inducible 

10-kd protein (CXCL10) and monokine 
induced by interferon-gamma (CXCL9), in 
the salivary gland lesions of patients with 
Sjögren’s syndrome. Arthritis Rheum 2002; 
46: 2730-41.

   7. HERNANDEZ-MOLINA G, MICHEL-PERE-
GRINA M, HERNANDEZ-RAMIREZ DF, 
SANCHEZ-GUERRERO J, LLORENTE L: 
Chemokine saliva levels in patients with 
primary Sjögren’s syndrome, associated Sjö-
gren’s syndrome, pre-clinical Sjögren’s syn-
drome and systemic autoimmune diseases. 
Rheumatology (Oxford) 2011; 50: 1288-92.

   8. LEE YJ, SCOFIELD RH, HYON JY et al.: 
Salivary chemokine levels in patients with 
primary Sjögren’s syndrome. Rheumatology 
(Oxford) 2010; 49: 1747-52.

   9. MITSIAS DI, TZIOUFAS AG, VEIOPOULOU 
C et al.: The Th1/Th2 cytokine balance 
changes with the progress of the immuno-
pathological lesion of Sjögren’s syndrome. 
Clin Exp Immunol 2002; 128: 562-8.

 10. MUEHLINGHAUS G, CIGLIANO L, HUEHN 
S et al.: Regulation of CXCR3 and CXCR4 
expression during terminal differentiation 
of memory B cells into plasma cells. Blood 
205; 105: 3965-71.

 11. LIN X, RUI K, DENG J et al.: Th17 cells play 
a critical role in the development of experi-
mental Sjögren’s syndrome. Ann Rheum Dis 
2015; 74: 1302-10.

 12. RANDALL TD, MEBIUS RE: The develop-
ment and function of mucosal lymphoid tis-
sues: a balancing act with micro-organisms. 
Mucosal Immunol 2014; 7: 455-66.

 13. van de PAVERT SA, MEBIUS RE: New in-
sights into the development of lymphoid tis-
sues. Nat Rev Immunol 2010; 10: 664-74.

 14. AMFT N, CURNOW SJ, SCHEEL-TOELLNER 
D et al.: Ectopic expression of the B cell-at-
tracting chemokine BCA-1 (CXCL13) on en-
dothelial cells and within lymphoid follicles 
contributes to the establishment of germinal 
center-like structures in Sjögren’s syndrome. 
Arthritis Rheum 2001; 44: 2633-41.

 15. BARONE F, BOMBARDIERI M, MANZO A 
et al.: Association of CXCL13 and CCL21 
expression with the progressive organization 
of lymphoid-like structures in Sjögren’s syn-
drome. Arthritis Rheum 2005; 52: 1773-84.

 16. SALOMONSSON S, LARSSON P, TENGNÉR P, 
MELLQUIST E, HJELMSTRÖM P, WAHREN-
HERLENIUS M: Expression of the B cell-
attracting chemokine CXCL13 in the target 
organ and autoantibody production in ec-
topic lymphoid tissue in the chronic inflam-
matory disease Sjögren’s syndrome. Scand 
J Immunol 2002; 5: 336-42.

 17. XANTHOU G, POLIHRONIS M, TZIOUFAS 
AG, PAIKOS S, SIDERAS P, MOUTSOPOULOS 
HM: “Lymphoid” chemokine messenger 
RNA expression by epithelial cells in the 
chronic inflammatory lesion of the salivary 
glands of Sjögren’s syndrome patients: pos-
sible participation in lymphoid structure for-
mation. Arthritis Rheum 2001; 44: 408-18.

 18. GOMMERMAN JL, BROWNING JL: Lympho-
toxin/light, lymphoid microenvironments 
and autoimmune disease. Nat Rev Immunol 
2003; 3: 642-55.

 19. ALLEN CD, ANSEL KM, LOW C et al.: Ger-
minal center dark and light zone organiza-

tion is mediated by CXCR4 and CXCR5. 
Nat Immunol 2004; 5: 943-52.

 20. JONSSON MV, SKARSTEIN K: Follicular 
dendritic cells confirm lymphoid organiza-
tion in the minor salivary glands of primary 
Sjögren’s syndrome. J Oral Pathol Med 
2008; 37: 515-21.

 21. KRAMER JM, KLIMATCHEVA E, ROTHSTEIN 
TL: CXCL13 is elevated in Sjögren’s syn-
drome in mice and humans and is impli-
cated in disease pathogenesis. J Leukoc Biol 
2013; 94: 1079-89.

 22. LEE KE, KANG JH, YIM YR et al.: Predictive 
significance of CCL21 and CXCL13 levels 
in the minor salivary glands of patients with 
Sjögren’s syndrome. Clin Exp Rheumatol 
2017; 35: 234-40.

 23. CHU VT, BEREK C: The establishment of the 
plasma cell survival niche in the bone mar-
row. Immunol Rev 2013; 251: 177-88.

 24. HIEPE F, DÖRNER T, HAUSER AE, HOYER 
BF, MEI H, RADBRUCH A: Long-lived auto-
reactive plasma cells drive persistent auto-
immune inflammation. Nat Rev Rheumatol 
2011; 7: 170-8.

 25. SZYSZKO EA, BROKSTAD KA, OIJORDS-
BAKKEN G, JONSSON MV, JONSSON R, 
SKARSTEIN K: Salivary glands of primary 
Sjögren’s syndrome patients express factors 
vital for plasma cell survival. Arthritis Res 
Ther 2011; 13: R2.

 26. MARX RE, HARTMAN KS, RETHMAN KV: 
A prospective study comparing incisional 
labial to incisional parotid biopsies in the 
detection and confirmation of sarcoidosis, 
Sjögren’s disease, sialosis and lymphoma.   
J Rheumatol 1988; 15: 621-9.

 27. SPIJKERVET FK, HAACKE E, KROESE FG, 
BOOTSMA H, VISSINK A: Parotid Gland 
Biopsy, the Alternative Way to Diagnose 
Sjögren Syndrome. Rheum Dis Clin North 
Am 2016; 42: 485-99.

 28. DANIELS TE, COX D, SHIBOSKI CH et al.: 
Associations between salivary gland histo-
pathologic diagnoses and phenotypic fea-
tures of Sjögren’s syndrome among 1,726 
registry participants. Arthritis Rheum 2011; 
63: 2021-30.

 29. CHISHOLM DM, MASON DK: Labial salivary 
gland biopsy in Sjögren’s disease. J Clin 
Pathol 1968; 21: 656-60.

 30. GREENSPAN JS, DANIELS TE, TALAL N, 
SYLVESTER RA: The histopathology of 
Sjögren’s syndrome in labial salivary gland 
biopsies. Oral Surg Oral Med Oral Pathol 
1974; 37: 217-29.

 31. DANIELS TE: Labial salivary gland biopsy 
in Sjögren’s syndrome. Assessment as a di-
agnostic criterion in 362 suspected cases. 
Arthritis Rheum 1984; 27: 147-56.

 32. SHIBOSKI CH, SHIBOSKI SC, SEROR R et al.: 
2016 American College of Rheumatology/
European League Against Rheumatism clas-
sification criteria for primary Sjögren’s syn-
drome: A consensus and data-driven meth-
odology involving three international patient 
cohorts. Ann Rheum Dis 2017; 76: 9-16.

 33. SHIBOSKI CH, SHIBOSKI SC, SEROR R et 
al.: 2016 American College of Rheumatol-
ogy/European League Against Rheumatism 
Classification Criteria for Primary Sjögren’s 
Syndrome: a consensus and data-driven 



S-232 Clinical and Experimental Rheumatology 2018

Salivary gland histopathology in pSS / F.G.M. Kroese et al.

methodology involving three international 
patient cohorts. Arthritis Rheumatol 2017; 
69: 35-45.

 34. FISHER BA, JONSSON R, DANIELS T et al.: 
Standardisation of labial salivary gland 
histopathology in clinical trials in primary 
Sjögren’s syndrome. Ann Rheum Dis 2017; 
76: 1161-8.

 35. MORBINI P, MANZO A, CAPORALI R et al.: 
Multilevel examination of minor salivary 
gland biopsy for Sjögren’s syndrome signif-
icantly improves diagnostic performance of 
AECG classification criteria. Arthritis Res 
Ther 2005; 7: R343-8.

 36. GUELLEC D, CORNEC D, JOUSSE-JOULIN S 
et al.: Diagnostic value of labial minor sali-
vary gland biopsy for Sjögren’s syndrome: 
a systematic review. Autoimmun Rev 2013; 
12: 416-20.

 37. PIJPE J, KALK WW, van der WAL JE et al.: 
Parotid gland biopsy compared with labial 
biopsy in the diagnosis of patients with pri-
mary Sjögren’s syndrome. Rheumatology 
(Oxford) 2007; 46: 335-41.

 38. VITALI C, MOUTSOPOULOS HM, BOMBAR-
DIERI S: The European Community Study 
Group on diagnostic criteria for Sjögren’s 
syndrome. Sensitivity and specificity of tests 
for ocular and oral involvement in Sjögren’s 
syndrome. Ann Rheum Dis 1994; 53: 637-47.

 39. VITALI C, TAVONI A, SIMI U et al.: Parotid 
sialography and minor salivary gland biopsy 
in the diagnosis of Sjögren’s syndrome. A 
comparative study of 84 patients. J Rheuma-
tol 1988; 15: 262-7.

 40. LINDAHL G, HEDFORS E: Focal lymphocytic 
infiltrates of salivary glands are not confined 
to Sjögren’s syndrome. Scand J Rheumatol 
Suppl 1986; 61: 52-5.

 41. RADFAR L, KLEINER DE, FOX PC, PILLEMER 
SR: Prevalence and clinical significance of 
lymphocytic foci in minor salivary glands 
of healthy volunteers. Arthritis Rheum 2002; 
47: 520-4.

 42. TARPLEY TM Jr, ANDERSON LG, WHITE 
CL: Minor salivary gland involvement in 
Sjögren’s syndrome. Oral Surg Oral Med 
Oral Pathol 1974; 37: 64-74.

 43. VIVINO FB, GALA I, HERMANN GA: Change 
in final diagnosis on second evaluation of 
labial minor salivary gland biopsies. J Rheu-
matol 2002; 29: 938-44.

 44. SCOTT J: Qualitative and quantitative ob-
servations on the histology of human labial 
salivary glands obtained post mortem. J Biol 
Buccale 1980; 8: 187-200.

 45. VERED M, BUCHNER A, BOLDON P, DAYAN 
D: Age-related histomorphometric changes 
in labial salivary glands with special refer-
ence to the acinar component. Exp Gerontol 
2000; 35: 1075-84.

 46. LEEHAN KM, PEZANT NP, RASMUSSEN 
A et al.: Minor salivary gland fibrosis in 
Sjögren’s syndrome is elevated, associated 
with focus score and not solely a conse-
quence of aging. Clin Exp Rheumatol 2017  
Oct 23 [Epub ahead of print].

 47. LLAMAS-GUTIERREZ FJ, REYES E, MAR-
TINEZ B, HERNANDEZ-MOLINA G: Histo-
pathological environment besides the focus 
score in Sjögren’s syndrome. Int J Rheum 
Dis 2014; 17: 898-903.

 48. SKARSTEIN K, AQRAWI LA, OIJORDSBAK-
KEN G, JONSSON R, JENSEN JL: Adipose 
tissue is prominent in salivary glands of 
Sjögren’s syndrome patients and appears to 
influence the microenvironment in these or-
gans. Autoimmunity 2016; 49: 338-46.

 49. LEEHAN KM, PEZANT NP, RASMUSSEN A et 
al.: Fatty infiltration of the minor salivary 
glands is a selective feature of aging but not 
Sjögren’s syndrome. Autoimmunity 2017; 
50: 451-7.

 50. FISHER BA, BROWN RM, BOWMAN SJ, BA-
RONE F: A review of salivary gland histo-
pathology in primary Sjögren’s syndrome 
with a focus on its potential as a clinical 
trials biomarker. Ann Rheum Dis 2015; 74: 
1645-50.

 51. KAPSOGEORGOU EK, CHRISTODOULOU 
MI, PANAGIOTAKOS DB et al.: Minor sali-
vary gland inflammatory lesions in Sjögren 
syndrome: do they evolve? J Rheumatol 
2013; 40: 1566-71.

 52. SHIBOSKI CH, BAER AN, SHIBOSKI SC et al.: 
Natural History and Predictors of Progres-
sion to Sjögren’s Syndrome Among Partici-
pants of the Sjögren’s International Collabo-
rative Clinical Alliance Registry. Arthritis 
Care Res (Hoboken) 2018; 70: 284-294.

 53. DELLI K, HAACKE EA, KROESE FG et al.: 
Towards personalised treatment in primary 
Sjögren’s syndrome: baseline parotid histo-
pathology predicts responsiveness to rituxi-
mab treatment. Ann Rheum Dis 2016; 75: 
1933-1938.

 54. BODEUTSCH C, DE WILDE PC, KATER L et 
al.: Quantitative immunohistologic criteria 
are superior to the lymphocytic focus score 
criterion for the diagnosis of Sjögren’s syn-
drome. Arthritis Rheum 1992; 35: 1075-87.

 55. de WILDE PC, VOOYS GP, BAAK JP et 
al.: Quantitative immunohistologic and 
histomorphometric diagnostic criteria for 
Sjögren’s syndrome. Pathol Res Pract 1989; 
185: 778-80.

 56. IHRLER S, ZIETZ C, SENDELHOFERT A, 
RIEDERER A, LOHRS U: Lymphoepithelial 
duct lesions in Sjögren-type sialadenitis. 
Virchows Arch 1999; 434: 315-23.

 57. ZANDBELT MM, WENTINK JR, de WILDE PC, 
van DAMME PA, van de PUTTE LB, van den 
HOOGEN FH: The synergistic value of focus 
score and IgA% score of sublabial salivary 
gland biopsy for the accuracy of the diagno-
sis of Sjögren’s syndrome: a 10-year com-
parison. Rheumatology (Oxford) 2002; 41: 
819-23.

 58. HAACKE EA, BOOTSMA H, SPIJKERVET FKL 
et al.: FcRL4(+) B-cells in salivary glands 
of primary Sjögren’s syndrome patients.       
J Autoimmun 2017; 81: 90-98.

 59. EHRHARDT GR, HSU JT, GARTLAND L et al.: 
Expression of the immunoregulatory mol-
ecule FcRH4 defines a distinctive tissue-
based population of memory B cells. J Exp 
Med 2005; 202: 783-91.

 60. FALINI B, TIACCI E, PUCCIARINI A et al.: 
Expression of the IRTA1 receptor identi-
fies intraepithelial and subepithelial mar-
ginal zone B cells of the mucosa-associated 
lymphoid tissue (MALT). Blood 2003; 102: 
3684-92.

 61. FALINI B, AGOSTINELLI C, BIGERNA B et 

al.: IRTA1 is selectively expressed in nodal 
and extranodal marginal zone lymphomas. 
Histopathology 2012; 61: 930-41.

 62. PIJPE J, MEIJER JM, BOOTSMA H et al.: 
Clinical and histologic evidence of salivary 
gland restoration supports the efficacy of 
rituximab treatment in Sjögren’s syndrome. 
Arthritis Rheum 2009; 60: 3251-6.

 63. IHRLER S, ADAM P, GUNTINAS-LICHIUS O, 
HARRISON JD, WEILER C: [Pattern recogni-
tion in the differential diagnosis of salivary 
lymphoepithelial lesions]. Pathologe 2009; 
30: 432-41.

 64. SALOMONSSON S, ROZELL BL, HEIMBURG-
ER M, WAHREN-HERLENIUS M: Minor sali-
vary gland immunohistology in the diagno-
sis of primary Sjögren’s syndrome. J Oral 
Pathol Med 2009; 38: 282-8.

 65. ROYER B, CAZALS-HATEM D, SIBILIA J et 
al.: Lymphomas in patients with Sjögren’s 
syndrome are marginal zone B-cell neo-
plasms, arise in diverse extranodal and nod-
al sites, and are not associated with viruses. 
Blood 1997; 90: 766-75.

 66. GASPAROTTO D, DE VITA S, DE RE V et al.: 
Extrasalivary lymphoma development in 
Sjögren’s syndrome: clonal evolution from 
parotid gland lymphoproliferation and role 
of local triggering. Arthritis Rheum 2003; 
48:, 3181-6.

 67. BENDE RJ, AARTS WM, RIEDL RG, de JONG 
D, PALS ST, van NOESEL CJ: Among B cell 
non-Hodgkin’s lymphomas, MALT lym-
phomas express a unique antibody reper-
toire with frequent rheumatoid factor reac-
tivity. J Exp Med 2005; 201: 1229-41.

 68. MARTIN T, WEBER JC, LEVALLOIS H et al.: 
Salivary gland lymphomas in patients with 
Sjögren’s syndrome may frequently develop 
from rheumatoid factor B cells. Arthritis 
Rheum 2000; 43: 908-16.

 69. STOTT DI, HIEPE F, HUMMEL M, STEIN-
HAUSER G, BEREK C: Antigen-driven clonal 
proliferation of B cells within the target tis-
sue of an autoimmune disease. The salivary 
glands of patients with Sjögren’s syndrome. 
J Clin Invest 1998; 102: 938-46.

 70. MURAMATSU M, KINOSHITA K, FAGAR-
ASAN S, YAMADA S, SHINKAI Y, HONJO T: 
Class switch recombination and hypermu-
tation require activation-induced cytidine 
deaminase (AID), a potential RNA editing 
enzyme. Cell 2000; 102: 553-63.

 71. BOMBARDIERI M, BARONE F, HUMBY F 
et al.: Activation-induced cytidine deami-
nase expression in follicular dendritic cell 
networks and interfollicular large B cells 
supports functionality of ectopic lymphoid 
neogenesis in autoimmune sialoadenitis and 
MALT lymphoma in Sjögren’s syndrome.    
J Immunol 2007; 179: 4929-38.

 72. DEUTSCH AJ, AIGELSREITER A, STABER 
PB et al.: MALT lymphoma and extranodal 
diffuse large B-cell lymphoma are targeted 
by aberrant somatic hypermutation. Blood 
2007; 109: 3500-4.

 73. THEANDER E, VASAITIS L, BAECKLUND 
E et al.: Lymphoid organisation in labial 
salivary gland biopsies is a possible predic-
tor for the development of malignant lym-
phoma in primary Sjögren’s syndrome. Ann 
Rheum Dis 2011; 70: 1363-8.



S-233Clinical and Experimental Rheumatology 2018

Salivary gland histopathology in pSS / F.G.M. Kroese et al.

 74. JOHNSEN SJ, BERGET E, JONSSON MV, HEL-
GELAND L, OMDAL R, JONSSON R: Evalua-
tion of germinal center-like structures and 
B cell clonality in patients with primary 
Sjögren syndrome with and without lym-
phoma. J Rheumatol 2014; 41: 2214-22.

 75. FRAGKIOUDAKI S, MAVRAGANI CP, MOUT-
SOPOULOS HM: Predicting the risk for lym-
phoma development in Sjögren syndrome: 
An easy tool for clinical use. Medicine (Bal-
timore) 2016; 95: e3766.

 76. HAACKE EA, van der VEGT B, VISSINK A, 
SPIJKERVET FKL, BOOTSMA H, KROESE 
FGM: Germinal centres in diagnostic la-
bial gland biopsies of patients with primary 
Sjögren’s syndrome are not predictive for 
parotid MALT lymphoma development. Ann 
Rheum Dis 2017; 76: 1781-4.

 77. SÈNE D, ISMAEL S, FORIEN M et al.: Ectopic 
germinal centre-like structures in minor 
salivary gland biopsy predict lymphoma oc-
currence in patients with primary Sjögren 
syndrome. Arthritis Rheumatol 2018 [Epub 
ahead of print].

 78. CARUBBI F, ALUNNO A, CIPRIANI P et al.:   
Is minor salivary gland biopsy more than 
a diagnostic tool in primary Sjögrens syn-
drome? Association between clinical, his-
topathological, and molecular features: a 
retrospective study. Semin Arthritis Rheum 
2014; 44: 314-24.

 79. RISSELADA AP, KRUIZE AA, GOLDSCHMED-
ING R, LAFEBER FP, BIJLSMA JW, van ROON 
JA: The prognostic value of routinely per-
formed minor salivary gland assessments 
in primary Sjögren’s syndrome. Ann Rheum 
Dis 2014; 73: 1537-40.

 80. DELLI K, HAACKE EA, IHRLER S et al.: Need 
for consensus guidelines to standardise the 
assessment of germinal centres and other his-
topathological parameters in salivary gland 
tissue of patients with primary Sjögren’s syn-
drome. Ann Rheum Dis 2016; 75:e32.

 81. HILLEN MR, BARONE F, RADSTAKE TR, van 
ROON JA: Towards standardisation of histo-
pathological assessments of germinal centres 
and lymphoid structures in primary Sjögren’s 
syndrome. Ann Rheum Dis 2016; 75: e31.

 82. NOCTURNE G, CORNEC D, SEROR R, MA-
RIETTE X: Use of Biologics in Sjögren’s 
Syndrome. Rheum Dis Clin North Am 2016; 
42: 407-17.

 83. SAMBATARO D, SAMBATARO G, Dal BOSCO 
Y, POLOSA R: Present and future of biologic 
drugs in primary Sjögren’s syndrome. Ex-
pert Opin Biol Ther 2017; 17: 63-75.

 84. MEIJER JM, MEINERS PM, VISSINK A et al.: 
Effectiveness of rituximab treatment in pri-
mary Sjögren’s syndrome: a randomized, 
double-blind, placebo-controlled trial.      
Arthritis Rheum 2010; 62: 960-8.

 85. MEINERS PM, VISSINK A, KROESE FG et al.: 
Abatacept treatment reduces disease activ-
ity in early primary Sjögren’s syndrome 
(open-label proof of concept ASAP study). 
Ann Rheum Dis 2014; 73: 1393-6.

 86. PIJPE J, VAN IMHOFF GW, VISSINK A et al.: 
Changes in salivary gland immunohistology 
and function after rituximab monotherapy 
in a patient with Sjögren’s syndrome and 
associated MALT lymphoma. Ann Rheum 
Dis 2005; 64: 958-60.

 87. MOSSEL E, DELLI K, van NIMWEGEN JF 
et al.: The parotid gland connection: ultra-
sound and biopsies in primary Sjögren’s 
syndrome. Ann Rheum Dis 2018; 77: e38.

 88. GROOM J, KALLED SL, CUTLER AH et al.: 
Association of BAFF/BLyS overexpres-
sion and altered B cell differentiation with 
Sjögren’s syndrome. J Clin Invest 2002; 
109: 59-68.

 89. SCHNEIDER P, MACKAY F, STEINER V et al.: 
BAFF, a novel ligand of the tumor necrosis 
factor family, stimulates B cell growth. J 
Exp Med 1999; 189: 1747-56.

 90. MARIETTE X, SEROR R, QUARTUCCIO L 
et al.: Efficacy and safety of belimumab 
in primary Sjögren’s syndrome: results of 
the BELISS open-label phase II study. Ann 
Rheum Dis 2015; 74: 526-31.

 91. SEROR R, NOCTURNE G, LAZURE T et al.: 
Low numbers of blood and salivary natural 
killer cells are associated with a better re-
sponse to belimumab in primary Sjögren’s 
syndrome: results of the BELISS study. Ar-
thritis Res Ther 2015; 17: 241.

 92. DE VITA S, QUARTUCCIO L, SEROR R et al.: 
Efficacy and safety of belimumab given for 
12 months in primary Sjögren’s syndrome: 
the BELISS open-label phase II study. 
Rheumatology (Oxford) 2015; 54: 2249-56.

 93. ADLER S, KÖRNER M, FÖRGER F, HUSCHER 
D, CAVERSACCIO MD, VILLIGER PM: Evalu-
ation of histologic, serologic, and clinical 
changes in response to abatacept treatment 
of primary Sjögren’s syndrome: a pilot 
study. Arthritis Care Res (Hoboken) 2013; 
65: 1862-8.

 94. HAACKE EA, van der VEGT B, MEINERS PM 
et al.: Abatacept treatment of patients with 
primary Sjögren’s syndrome results in a de-
crease of germinal centres in salivary gland 
tissue. Clin Exp Rheumatol 2017; 35: 317-20.

 95. VERSTAPPEN GM, MEINERS PM, CORNETH 
OBJ et al.: Attenuation of Follicular Helper 
T Cell-Dependent B Cell Hyperactivity by 
Abatacept Treatment in Primary Sjögren’s 
Syndrome. Arthritis Rheumatol 2017; 69: 
1850-61.

 96. CARUBBI F, CIPRIANI P, MARRELLI A et 
al.: Efficacy and safety of rituximab treat-
ment in early primary Sjögren’s syndrome: 
a prospective, multi-center, follow-up study. 
Arthritis Res Ther 2013; 15: R172.

 97. CICCIA F, GIARDINA A, RIZZO A et al.: 
Rituximab modulates the expression of IL-
22 in the salivary glands of patients with 
primary Sjögren’s syndrome. Ann Rheum 
Dis 2013; 72: 782-3.

 98. CORNEC D, COSTA S, DEVAUCHELLE-
PENSEC V et al.: Blood and salivary-gland 
BAFF-driven B-cell hyperactivity is as-
sociated to rituximab inefficacy in primary 
Sjögren’s syndrome. J Autoimmun 2016; 67: 
102-10.

 99. DEVAUCHELLE-PENSEC V, PENNEC Y, 
MORVAN J et al.: Improvement of Sjögren’s 
syndrome after two infusions of rituximab 
(anti-CD20). Arthritis Rheum 2007; 57: 
310-7.

100. PERS JO, DEVAUCHELLE V, DARIDON C 
et al.: BAFF-modulated repopulation of 
B lymphocytes in the blood and salivary 
glands of rituximab-treated patients with 

Sjögren’s syndrome. Arthritis Rheum 2007; 
56: 1464-77.

101. BOWMAN SJ, EVERETT CC, O’DWYER JL et 
al.: Randomized Controlled Trial of Rituxi-
mab and Cost-Effectiveness Analysis in 
Treating Fatigue and Oral Dryness in Pri-
mary Sjögren’s Syndrome. Arthritis Rheu-
matol 2017; 69: 1440-50.

102. DASS S, BOWMAN SJ, VITAL EM et al.:      
Reduction of fatigue in Sjögren syndrome 
with rituximab: results of a randomised, 
double-blind, placebo-controlled pilot 
study. Ann Rheum Dis 2008; 67: 1541-4.

103. DEVAUCHELLE-PENSEC V, MARIETTE X, 
JOUSSE-JOULIN S et al.: Treatment of pri-
mary Sjögren syndrome with rituximab: a 
randomized trial. Ann Intern Med 2014; 160: 
233-42.

104. St CLAIR EW, LEVESQUE MC, PRAK ET 
et al.: Rituximab therapy for primary 
Sjögren’s syndrome: an open-label clini-
cal trial and mechanistic analysis. Arthritis 
Rheum 2013; 65: 1097-106.

105. SEROR R, BOOTSMA H, SARAUX A et al.: 
Defining disease activity states and clini-
cally meaningful improvement in primary 
Sjögren’s syndrome with EULAR primary 
Sjögren’s syndrome disease activity (ES-
SDAI) and patient-reported indexes (ESS-
PRI). Ann Rheum Dis 2016; 75: 382-9.

106. CORNEC D, JOUSSE-JOULIN S, COSTA S et 
al.: High-grade salivary-gland involvement, 
assessed by histology or ultrasonography, is 
associated with a poor response to a single 
rituximab course in Primary Sjögren’s Syn-
drome: data from the TEARS Randomized 
Trial. PLoS One 2016; 11: e0162787.

107. CORNEC D, DEVAUCHELLE-PENSEC V, 
MARIETTE X et al.: Development of the 
Sjögren’s Syndrome Responder Index, a da-
ta-driven composite endpoint for assessing 
treatment efficacy. Rheumatology (Oxford) 
2015; 54: 1699-708.

108. CORNEC D, COSTA S, DEVAUCHELLE-
PENSEC V, CHICHE L, SARAUX A, PERS JO: 
Do high numbers of salivary gland-infiltrat-
ing B cells predict better or worse outcomes 
after rituximab in patients with primary 
Sjögren’s syndrome? Ann Rheum Dis 2016; 
75: e33.

109. DELLI K, HAACKE EA, KROESE FG et al.: 
In primary Sjögren’s syndrome high ab-
solute numbers and proportions of B cells 
in parotid glands predict responsiveness to 
rituximab as defined by ESSDAI, but not by 
SSRI. Ann Rheum Dis 2016; 75: e34.

110. ZANDBELT MM, de WILDE P, van DAMME 
P, HOYNG CB, van de PUTTE L, van den 
HOOGEN F: Etanercept in the treatment of 
patients with primary Sjögren’s syndrome: 
a pilot study. J Rheumatol 2004; 31: 96-101.

111. MARIETTE X, RAVAUD P, STEINFELD S 
et al.: Inefficacy of infliximab in primary 
Sjögren’s syndrome: results of the rand-
omized, controlled Trial of Remicade in 
Primary Sjögren’s syndrome (TRIPSS).    
Arthritis Rheum 2004; 50: 1270-6.

112. PRINGLE S, WANG X, VERSTAPPEN GMPL 
et al.: Salivary gland stem cells age pre-
maturely in primary Sjögren’s syndrome.      
Arthritis Rheum 2018 July 9 [Epub ahead of 
print].


	Kroese page 1
	CER 11503 Kroese

