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Summary

Primary Sjögren’s syndrome (pSS) is a complex autoim-
mune disease characterised by local exocrine glandular in-
volvement and systemic multiorgan manifestations. In this
review we will discuss the value of the histological exam-
ination of the salivary glands in the classification criteria,
and more recently as prognostic tool for patient stratific-
ation and monitoring. The limitations of the current tools
used to assess salivary gland pathology in pSS will also be
reviewed in relation to using salivary gland biopsy analysis
as an outcome measure in clinical trials.
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Sjögren’s syndrome, clinical features

Sjögren’s syndrome (SS), clinically and histologically de-
scribed by the Swedish ophthalmologist Henry Sjögren in
1933, is an autoimmune disorder that mainly affects lach-
rymal and salivary glands, resulting in dryness of the eyes
(keratoconjunctivitis sicca) and mouth (xerostomia). The
organ-specific pathology is caused by local inflammation

Figure 1

Haematoxylin and eosin staining of salivary gland biopsy section
showing several periepithelial mononuclear cell infiltrates, i.e. focal
lymphocytic sialoadenitis.

and progressive loss of the glandular parenchyma [1]. In
50%–60% of cases this disorder is associated with other
systemic autoimmune diseases, such as rheumatoid arthrit-
is or systemic lupus erythematosus. In those cases, SS is
denominated secondary [1, 2].
Primary SS (pSS), which occurs in the absence of these
other conditions, has a higher frequency in female patients
(9:1) and a prevalence of 0.5% in the general population,
making SS one of the three most frequent autoimmune dis-
eases [1, 3–5].
PSS is characterised by, but not limited to, secretory dys-
function. One third of the patients exhibit systemic ex-
traglandular manifestations, whose development and onset
varies during the disease progression [2, 6]. Therefore, the
diagnostic process and the clinical management of pSS of-
ten requires the combination of several areas of specialisa-
tion and benefits from combined clinical teams of rheumat-
ologists, ophthalmologists and oral medicine specialists.
Extraglandular manifestations of pSS include cutaneous
vasculitis, peripheral neuropathy, renal tubular acidosis,
pulmonary involvement, lymphoproliferative disease and
immunological abnormalities, such as lymphopenia, an-
aemia or thrombocytopenia [7, 8]. Immunological findings
are also observed in pSS, such as the presence of anti-
Sjögren’s-syndrome-related antigen A and B autoantibod-
ies (antiSSA/Ro and SSB/La), hypergammaglobulinaemia
and low complement levels (C4) [9].
In approximately 5% of pSS patients the disease evolves
towards lymphoma, conferring a higher mortality risk in
pSS as compared with the normal population [10]. Patients
with pSS have a 16 to 44 times increased risk of developing
lymphoma. Histologically, the malignancies are predomin-
antly mucosa-associated lymphoid tissue (MALT) lymph-
oma ⁄ non-Hodgkin’s lymphoma (NHL) that form in ex-
tranodal sites, mainly within the acquired MALT present
in affected major salivary glands [11, 12]. However, other
forms of B cell lymphoma, such as diffuse large B cell
lymphoma, are also observed.
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Histology

Histologically, pSS is characterised by the formation of
periepithelial mononuclear cell infiltrates (fig. 1). The ag-
gregates preferentially form in the exocrine glands:
salivary glands, lachrymal glands and exocrine pancreas.
The histological lesions typical of SS occur in both major
and minor salivary glands. Although the major salivary
glands, in particular parotid glands, are often the sites of
formation for the B cell lymphoma, in the majority of
cases, it is not justifiable to obtain a major salivary gland
biopsy owing to its inconvenience to patients and the pos-
sible complication of salivary fistula, scarring and facial
nerve damage [13]. Few groups with a specific interest in
SS routinely perform major salivary gland biopsy, which,
however, in experienced hands, has a rather acceptable
safety profile. Nonetheless, minor salivary gland biopsy
can be obtained in a day-care facility with minimal invas-
iveness and discomfort [14]. Studies looking at the con-
cordance of the histological lesions between the major and
minor glands are reassuring, showing similar diagnostic
sensitivity and specificity [15]. Nonetheless, the predomin-
ance of lymphoepithelial lesions (areas of lymphocytic in-
filtration of the duct that result in atrophy of the columnar
ductal epithelium and proliferation of the basal epithelial
cells [fig. 2]) and the detection of better-organised germinal
centres in the former in the major but not minor salivary
glands has to be acknowledged [16–18].
In the early stages of the disease, small focal lymphocytic
aggregates form around the interlobular and intralobular
ducts. The large diffuse infiltrate then spreads into the par-
enchyma, resulting in the loss of tissue architecture and at-
rophic involution of the acini [19]. Parenchymal and ductal
alterations can be observed in the affected glands including
reduction of the acinal parenchyma and hyperplasia of the
lining cells of the intraglandular ducts [1, 13, 20]. Accu-
mulation of hyaline material is also found in the lumen
of altered ducts and around blood vessels [13, 19]. Small
foci consist predominantly of plasma cells with a smaller
lymphocytic component that is distributed throughout the

Figure 2

Haematoxylin and eosin staining of labial salivary gland biopsy with
evident lymphoepithelial lesion.

foci. Larger foci are mainly composed of lymphocytes with
fewer macrophages and plasma cells. A discrete plasma
cell component can be observed at the periphery of the lar-
ger foci [13].
Activated CD4+ T cells predominate in small aggregates
and decrease in severe lesions. B cell infiltration predomin-
ates in the larger foci (fig. 3) [20, 21]. Accordingly, the T/B
cell ratio is negatively associated with the degree of inflam-
mation [20]. On the other hand, the percentage of CD8+
T cells and natural killer (NK) cells does not significantly
change with lesion severity [20]. Regulatory T cells (Tregs)
are also found in SS lesions and their frequency varies ac-
cording to lesion severity, with the highest frequency found
in intermediate size lesions [21].
In approximately 20%–25% of SS patients the salivary
gland aggregates are organised into segregated T and B cell
areas, and are characterised by the formation of areas of
active B cell proliferation and follicular dendritic cell net-
works within areas of active B cell proliferation, defined
germinal centre (GC)-like structures (fig. 4) [22]. Salivary

Figure 3

Immunohistochemistry staining for CD20 and CD3 in sequential
sections of a labial salivary gland sample showing a large,
segregated focus with a predominant B cell infiltrate.
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gland lymphoid organisation and GC formation is accom-
panied by the ectopic production of the lymphoid
chemokines CXCL13, CCL21 and CXCL12 [17, 18],
which localise, within the aggregates, in discrete areas re-
sembling the lymphoid organisation observed in secondary
lymphoid organs [23–26]. Increased local and systemic
(serum and saliva) levels of CXCL13 correlates with xero-
stomia [47] and we previously demonstrated that in lymph-
oid aggregates the level of CXCL13 or CCL21 correlates
with the degree of organisation of the foci [17, 18].
A large body of literature has highlighted the potential role
for the GC-like structures present in the salivary glands
in sustaining the process of B cell affinity maturation of
autoreactive clones. Indeed, the progressive acquisition of
lymphoid features by the salivary gland inflammatory ag-
gregates associates with the local expression of activation-
induced cytidine deaminase (AID), the enzyme instrument-
al in B cell affinity maturation [17, 18]. Moreover, a pos-
itive correlation between the persistence of the GC-like
structures and the development of B cell lymphoma has
been suggested [27].

Classification criteria

The large spectrum of manifestations typical of SS has
provided a major challenge for the definition and validation
of unifying classification criteria [6]. In 1993, the European
Study Group on Diagnostic Criteria for SS proposed a set
of six items including two subjective and four objective
criteria [28]. These items included: ocular symptoms; oral
symptoms; ocular signs; presence of focal lymphocytic sia-
loadenitis (FLS); instrumental evidence of salivary gland
involvement; and presence of autoantibodies (anti-SSA/Ro
and/or anti-SSB/La). The presence of any four of the above
mentioned criteria are indicative of pSS in the absence of
associated autoimmune disease [28]. The main criticism
raised to these criteria was the potential inclusion of pa-
tients with no evidence of sialoadenitis and no presence
of autoantibodies [29]. In 2002 Vitali et al. revised these
criteria, making the presence of a histological diagnosis

Figure 4

Germinal centre-like structure in a primary Sjögren’s syndrome
salivary gland.

of SS or the presence in the serum of anti-SSA/Ro and/or
anti-SSB/La antibodies mandatory for the diagnosis of pSS
[29].
In 2012, the Sjögren’s International Collaborative Clinical
Alliance (SICCA) published the first set of criteria ap-
proved by the American College of Rheumatology (ACR).
According to these, the classification of an individual as a
pSS patient is based exclusively on the presence of object-
ive criteria, which include the detection of serum anti-Ro/
SSA and/or anti-La/SSB antibodies, or positive rheumat-
oid factor (RF) and antinuclear antibody (ANA); a positive
salivary gland biopsy exhibiting a focal lymphocytic sia-
loadenitis with a focus score ≥1 or the presence of kerato-
conjuctivitis sicca [6]. Two out of three of these criteria are
required for disease diagnosis. As a result of overlapping
clinical features or interference with criteria tests, the fol-
lowing are considered exclusion criteria for patient classi-
fication: history of head and neck radiation treatment, hep-
atitis C infection, acquired immunodeficiency syndrome,
sarcoidosis, amyloidosis, graft versus host disease,
IgG4-related disease [6]. Several criticisms of these pro-
posed new criteria have been made [48]; however, Ras-
mussen et al. have recently demonstrated concordance
between the AECG and ACR sets of classification criteria
when applied to the same cohort [30].
A summary of both the European and American criteria can
be found in table 1.
Although the classification criteria have been designed for
clinical studies, they are often used in the clinical practice
to support the diagnostic process. In this context, the per-
formance of a salivary gland biopsy and the relevant histo-
logical examination is critical for a number of patients who
present with negative extractable nuclear antigen (ENA)
antibodies [31]. In those cases a positive histological as-
sessment is required to substantiate the clinical diagnosis of
pSS [29].

Histological evaluation of the salivary
gland biopsy

The importance given to the histological examination of
the salivary gland biopsy in both diagnostic criteria sets has
prompted the pharmaceutical industry to use salivary gland
histology as outcome measure in clinical trials. This has
brought to the broader attention of both the rheumatology
and oral medicine communities the need to evaluate the re-
liability, stability and performance of the current histolo-
gical criteria as diagnostic, prognostic and outcome tools.
In this review we will not focus on the different techniques
used to obtain salivary gland tissue (minimal invasive
biopsy, wedge biopsy, sicca protocol [32]), though it is im-
portant to highlight that appropriate tissue collection and
embedding is central to the histological assessment. There
is still a debate on the quantity of tissue, cutting levels and
histological components to be included in the histologic-
al analysis. While consensus has not been reached yet, a
series of initiatives are in place to establish new recom-
mendations for the use of histology as clinical biomarker in
SS diagnosis and clinical trials [49].
The classical method for scoring SS biopsies relies on the
Chisholm and Mason criteria (1968). This grading sys-
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tem (four grades) relies on the detection in the gland of
focal lymphocytic and/or diffuse lymphocytic infiltration
(table 2). The presence of more than 50 periductal lymph-
ocytes (histiocytes and plasma cells) in 4 mm2 of salivary
gland tissue is used as criteria for the definition of a focus
[1].
The focus score was elaborated by Greenspan in 1974 as
extension of the Chisholm and Mason classification. Ac-
cording to its definition, the identification of focal lymph-
ocytic sialoadenitis (FLS) is followed by the quantification
of the number of foci per 4 mm2 of tissue section adjacent
to normal parenchyma [13]. Given the heterogeneous dis-
tribution of the inflammatory infiltrate and glandular dam-
age, analysis of four to seven glands from each patient is
suggested in order to obtain a reasonably sized sample [13].
The focus score has been validated as a histological index
of severity of the salivary gland involvement in pSS. A
series of manuscripts have correlated the presence of high
focus scores with indices of local or systemic disease activ-
ity. The presence of a higher focus score has been found to
correlate with acinar damage [13], presence of anti-SSA/B
serology (12 times higher among those with focus score
≥1 than among those with focus score <1 or without FLS;
95% confidence interval [CI]: 9.3‒15.5) and the presen-
ce of specific extraglandular features such as Raynaud’s
phenomenon, vasculitis, lymph node or spleen enlargement
and leucopenia [33]. A focus score ≥1 has also been found
to correlate with positive RF serology, high ANA titres
and IgG concentrations, the presence of keratoconjunctiv-
itis sicca and low unstimulated but not stimulated salivary
flow rates [14, 34]. More recently, Risselada et al. (2013)
established that a high focus score (≥3) has a significant
predictive value for the development of non-Hodgkin B
cell lymphoma [35].
Whilst the focus score has been proven as a functional
diagnostic and prognostic tool, it presents obvious limit-
ations. First, the stability of the focus score in repeated
biopsies over a long period of time is not fully established.
Costa et al. (2014) reported a study in which minor salivary
gland biopsies, from the TEARS (Tolerance and Efficacy
of Rituximab in Primary Sjögren’s syndrome) project, were
analysed with a standard blinded assessment by two dif-
ferent pathologists at 2-month interval. The analysis in-
cluded the measurement of FLS and detection of GC-like
structures [36]. The interobserver variability comparison
revealed poor agreement for the detection and calculation

of focus score and detection of FLS, lack of concordance
for the presence of duct dilation and (less for) fibrosis. Sur-
prisingly, in 12.6% of the cases the second evaluation by
trained pathologists led to a diagnosis change [36], thus
supporting the need for the use of a specialised trained
pathologist and not a general histology service for salivary
gland biopsy analysis.
Whilst the studies mentioned above, in particular the cor-
relation between a higher focus score and the development
of lymphoma, suggest stability of the histological lesions
over a period of time, this has not been proven in large
cohorts. This point raises a series of concerns about the
choice to introduce a placebo group when performing lon-
gitudinal assessment of salivary gland biopsies in interven-
tional clinical trials. As this appears redundant on the base
of current observations on stability of the aggregates, it is
general opinion that the lack of large longitudinal studies
is required to substantiate the decision to omit the placebo
group, in particular when the intervention is in its early
phases of development and the histological changes are
used a measure of outcome.
Classically the focus score assessment requires only a
single cutting level analysis, potentially introducing a crit-
ical bias in the sample analysis. A study looking at this
bias, extending the examination to three different cutting
levels (as opposed to a single level) indeed demonstrated
improvement in the diagnostic performance of the AECG
classification, especially in biopsies with a baseline focus
score between 1 and 2 [37]. The requirement for the use of
multilevel examination, in particular during clinical stud-
ies, is under revision [49].
The focus score, whilst giving an idea of the extent of the
cellular infiltrate, fails to provide discrete data on the foci
size; indeed, for larger or confluent foci a focus score of
12 is arbitrarily used [13]. This aspect, while not critic-
ally determinant for the histological diagnosis of SS, could
represent a problem for the use of the focus score as an
outcome measure in clinical trials in which subtle changes
in foci size might not be accurately reported in the focus
score. The introduction of additional measurements such as
average of focus area, area of lymphocytic infiltration and
evaluation of the degree of organisation to augment the in-
formation provided by the simple focus score is currently
debated in the SS community.

Table 1: European and American classification criteria 2002.

European Classification criteria for primary Sjögren’s Syndrome (2002) [29]

I Ocular symptoms (at least one positive answer out of 3 questions)
II Oral symptoms (at least one positive answer out of 3 questions)
III Ocular signs (positive to result to Schirmer’s I test or/and Rose bengal score)
IV Histopathology (focus score ≥1)
V Salivary gland involvement (at least one positive result in the following tests: unstimulated whole salivary flow, parotid sialography, salivary scintigraphy)
VI Autoantibodies (presence of anti-Ro/SSA or/and anti-La/SSB)

For classification of primary Sjögren’s Syndrome patients should present:

Any four of the six items above, including either item IV or item VI

Any three of the four objective criteria (items III, IV, V and VI)

American College of Rheumatology classification criteria for primary Sjögren’s Syndrome (2012) [6]
Patients should present at least two of the following three objective criteria

‒ Presence of serum anti-Ro/SSA and/or anti-La/SSB antibodies, or positive rheumatoid factor (RF) and antinuclear antibody (ANA)

‒ Positive salivary gland biopsy exhibiting a focal lymphocytic sialoadenitis with a focus score ≥1

‒ Presence of keratoconjuctivitis sicca
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Focus score versus lymphoid
organisation

Whilst giving a clear representation of the extent of the in-
flammatory aggregate, the focus score fails to provide in-
formation on its organisation. The focus score does not re-
quire quantification of the presence of GC-like structures
or the evaluation of the aggregation of lymphocytes in se-
gregated T and B cells areas. Indeed, the focus score can
be performed on basic haematoxylin/eosin-stained tissue
without requiring further immune staining of the sample
[13].
The presence of histologically detectable GCs (25.1%
[±5.0% standard deviation]) in pSS patients has been found
to correlate with the presence of a higher focus score (1.25
points higher) [38]. In the same study, a correlation
between the presence of GCs with the levels of local and
systemic proinflammatory mediators has also been estab-
lished [38]. More recently, Theander et al. have reported
the strong negative correlation (99% negative predictive
value) between the absence of GC detection and develop-
ment of B cell lymphoma [39], thus highlighting the value
of reporting the presence of GC-like structures in the histo-
logical report alongside the focus score [40]. This informa-
tion provides both patients and clinicians with a stratifica-
tion tool to identify patients who will require more frequent
monitoring. Interestingly, the data provided so far focuses
only on histological identification of GC like structures
on haematoxylin/eosin-stained samples. In minor salivary
glands, where full lymphoid organisation is not often
achieved by the foci, the detection of GC-like structures ap-
pears to increase with the use of CD21 staining to detect
follicular dendritic cell networks [17, 18]. However, it is
not clear whether the introduction of CD21 staining will in
turn decrease the negative predictive value of the absence
of GC-like structures in relationship to lymphoma develop-
ment. It is likely that only fully established GCs, detectable
on haematoxylin/eosin-stained samples, will correlate with
the increased risk for lymphoma development, but this re-
mains to be validated.

Measuring post-treatment
lymphocytic aggregates in primary
Sjögren’s syndrome

The generation or repurposing of biological therapies for
the treatment of pSS has raised the possibility of using
salivary gland biopsy analysis as an outcome measure of
biological treatment efficacy. Whilst a general consensus
on the standardised use of salivary gland biopsies as an out-
come measure has not been achieved, several studies have

already used this tool to monitor biological effects in the
tissue.
Pijpe et al. (2009) reported the use of histological analysis
to evaluate the efficacy of rituximab in pSS patients.
Biopsies were taken prior to and 12 weeks after treatment.
Together with the focus score, the authors considered the
B/T cell ratio, the disappearance of the GC-like structures
and the reduction of the infiltrating lymphocytes in the
ducts, providing a comprehensive analysis of the spread
and organisation of the infiltrate [41]. Another aspect con-
sidered in this analysis was the quantification of actively
proliferating parenchyma and the evaluation of paren-
chyma/fat representation in the biopsies. Both these para-
meters are interesting and informative regarding potential
mechanisms of action and biological activity of the com-
pound under evaluation, but have not been used or valid-
ated as such in other cohorts. The same group has further
exploited the use of salivary gland biopsy to monitor the
biological response to rituximab in patients with parotid
MALT lymphoma, proving the therapeutic effect of B cell
depletion in this condition [42].
Carubbi et al. in 2013 also reported changes occurring in
salivary gland lesions in 19 pSS patients treated with ritux-
imab for 120 weeks [43]. Histological examination in this
study included a measurement of the focus score (89.4% of
patients presented a focus score below 1 by the end of the
study) alongside data on the compartmentalisation of B and
T cell areas and consequent formation of GC-like struc-
tures, the incidence of which was found to be significantly
reduced (from 52.6% to 5.2% in the second biopsy) [43].
These data integrated previous reports from the same group
[43], in which immunohistochemistry was used to invest-
igate changes in CXCL12 and CXCL13 expression as well
the percentage of CXCR4+ and CXCR5+ cells within the
lymphocytic infiltrate after treatment.
In a pilot study in pSS patients treated with abatacept,
Adler et al. expanded the histological analysis, in which
they could not demonstrate a reduction of the focus score
but found a total reduction in the number of the inflammat-
ory foci, with a detailed report of the T cell infiltration [44].
A summary of the histological changes detected in these
studies is reported in table 3.

Conclusions

Other elements such as proteomic/seric biomarkers (in
blood or saliva) and ultrasound examination of the glands
also have the potential to be integrated with the information
obtained by the histological examination. A recent pub-
lication looking at the proteomic profile of saliva clearly
demonstrates the presence of a specific profile in patients
with pSS (high levels of clusterin, IL-4, IL-5 and IL-6)

Table 2: Grading method introduced by Chisholm and Mason in 1968.

Grade Lymphocytes and plasma cells per 4 mm2

0 Absent

1 Slight infiltrate

2 Moderate infiltrate or less than one focus*

3 One focus

4 More than one focus

* Focus = an aggregate of 50 or more lymphocytes, histiocytes and plasma cells [50].
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[45]. Nonetheless, such analysis failed to stratify pSS pa-
tients with or without GC in the glands, and the authors
suggested the possibility to overcome this problem by in-
tegrating the current platform with additional proteins [45].
Larger studies are therefore required to exploit this tech-
nique further. Similarly, great interest has arisen on the
possibility to substitute histological assessment for the ul-
trasound evaluation. Whilst ultrasonography of the large
salivary glands is seen as a functional, simple and well-
tolerated tool to study parenchymal modifications in the
glands [46], there is a lack of substantial evidence of its use
in clinical trials to monitor changes upon intervention. At
present, ultrasound is advisable to complement the histolo-
gical analysis, rather than substitute it.
In conclusion, despite the lack of agreement in the para-
meters considered when evaluating salivary gland biopsies,
histology remains the gold standard for diagnosis of pSS
and has the potential to become the most reliable biomarker
in clinical studies. However, the heterogeneity of the meas-
urements might present the potential risk of compromising
the combined analysis of different trials. This risk is in-
creased when considering the lack of consensus on the min-
imal area to be analysed, the use of image analysis systems
to quantify the surface area of the foci, the number of cut-
ting levels to be evaluated and the potential use of immun-
ohistochemistry to provide additional data on the degree
of aggregate organisation. The current interest in designing
clinical trials in pSS will therefore require a combined ef-
fort of rheumatologists and oral medicine specialists to dis-
cuss these aspects and define consensus guidelines on the
methodology and use of the salivary gland biopsy analysis
in clinical trials.
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Figures (large format)

Figure 1

Haematoxylin and eosin staining of salivary gland biopsy section showing several periepithelial mononuclear cell infiltrates, i.e. focal lymphocytic
sialoadenitis.
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Figure 2

Haematoxylin and eosin staining of labial salivary gland biopsy with evident lymphoepithelial lesion.
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Figure 3

Immunohistochemistry staining for CD20 and CD3 in sequential sections of a labial salivary gland sample showing a large, segregated focus
with a predominant B cell infiltrate.
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Figure 4

Germinal centre-like structure in a primary Sjögren’s syndrome salivary gland.
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