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CHAPTER 1 

General introduction
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Primary Sjögren’s syndrome (pSS) is a chronic systemic autoimmune disease, characterised by 
chronic inflammation of the salivary and lacrimal glands1. The prevalence of pSS is estimated 
to be 61 cases per 100.000 inhabitants, with a strong predominance in women2. The highly 
heterogeneous presentation of pSS includes a wide range of local and systemic symptoms 
and multi-organ involvement, varying over time. As the presenting symptoms of pSS are often 
non-specific, a large delay often occurs before patients are correctly diagnosed. Patients with 
pSS consider sicca symptoms (xerostomia and keratoconjunctivitis sicca), fatigue and pain 
(arthralgia and tendomyalgia) the main symptoms of their disease3. Although these symptoms 
are sometimes considered ‘benign’, since they are non-life threatening, these symptoms can 
be severely disabling. As a result, patients with pSS show markedly reduced health-related 
quality of life (HR-QoL) and lower employment rates4. 

Extraglandular and systemic manifestations of pSS include arthritis, Raynaud’s phenomenon, 
vasculitis, cytopenia, pulmonary involvement, nephritis, myositis, and neurological 
involvement. Patients with pSS are at increased risk of developing lymphoma, in particular 
mucosa-associated lymphoid tissue (MALT) lymphoma in the parotid glands5. 

Pathogenesis 
The pathogenesis of pSS is complex and has not been fully elucidated. In genetically and 
hormonally predisposed individuals, viral infections or endogenous factors are thought to 
trigger the initiation of an inflammatory autoimmune response, involving both the innate 
and the adaptive immune system6. Besides viral infections, the gut and/or oral microbiome 
presumably play a role in the development of pSS7. 

Epithelial cells are likely involved in the initiation and maintenance of glandular inflammation 
in pSS. After being damaged by a viral infection or other trigger, salivary gland epithelial 
cells act as a target of autoimmune disease, possibly by forming a source of SSA and SSB 
auto-antigens. Furthermore, epithelial cells serve important immunological functions, by 
producing cytokines and chemokines, and acting as antigen presenting cells8. In response to 
toll-like receptor stimulation or endogenous triggers, epithelial cells and local dendritic cells 
produce inflammatory cytokines, including type 1 interferons, and chemokines. Interferon is a 
major driver of the production of the chemokine CXCL10, and the cytokines B-cell Activating 
Factor (BAFF) and A Proliferation-Inducing Ligand (APRIL). CXCL10 causes recruitment of 
lymphoid cells to the glandular tissue. BAFF and APRIL are important cytokines involved 
in B-cell survival and proliferation. In early stages of the disease, the resulting lymphoid 
infiltrates consist mostly of CD4+ helper T-cells, which initiate a positive feedback loop by 
producing pro-inflammatory cytokines and inducing B-cell activation9. In this early stage, 
focal lymphoid infiltrates develop around the striated ducts. In later stages, the peri-ductal 
infiltrates become organized and form ectopic lymphoid tissue, in response to expression of 
homeostatic lymphoid chemokines. The ectopic lymphoid tissue contains all elements to 
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carry out autoimmune responses. A major B-cell attracting chemokine involved in ectopic 
lymphoid tissue in the formation in the glandular tissue of pSS patients is CXCL13. In more 
severe disease, T-cell dependent activation of B-cells causes formation of germinal centers in 
the exocrine glands8. 

B-cell hyperactivity is a hallmark of pSS, reflected amongst others by the presence of increased 
serum IgG levels, presence of autoantibodies such as antinuclear antibodies (including 
anti-SSA and SSB antibodies) and rheumatoid factor, and presence of cryoglobulins. pSS is 
associated with polymorphisms of genes involved in B-cell receptor (BCR) signalling, and pSS 
patients show higher levels of molecules involved in BCR signalling such as Bruton’s tyrosine 
kinase (BTK)8. 

The mechanisms that cause salivary gland dysfunction in pSS are still unclear. Although the 
chronic inflammatory infiltrate in the salivary and tear glands contributes to damage and 
gland hypofunction, the presence of a glandular infiltrate is not significantly associated with 
the presence of sicca symptoms10. Potential mechanisms underlying the glandular dysfunction 
are the presence of anti-muscarinic autoantibodies, altered mucin expression, nitric oxide-
mediated salivary gland dysfunction, altered aquaporin-5 distribution, and presence of 
anti-aquaporin-5 autoantibodies11. Extraglandular manifestations of pSS can be the result 
of lymphocytic invasion in epithelial tissues, such as in interstitial lung disease, interstitial 
nephritis, and/or the result of immune complex deposition, such as in vasculitis, peripheral 
neuropathy and glomerulonephritis12. 

Vaginal dryness and sexual dysfunction
Besides sicca symptoms of the eyes and mouth, dryness of the skin and other mucosal 
surfaces may be present in pSS. Vaginal dryness and pain during intercourse are common 
symptoms of pSS13–19. Little is known about the pathogenesis of vaginal dryness in pSS. 
In healthy women, vaginal dryness is often caused by decreased estrogen levels after 
menopause, leading to vulvovaginal atrophy. In pSS however, vaginal dryness often already 
occurs before menopause13,17,20. These observations suggest that although menopause may 
worsen symptoms of vaginal dryness in women with Sjögren’s syndrome, other factors are 
likely to be important in the pathogenesis of these symptoms. 

Besides vaginal dryness and dyspareunia, other symptoms of pSS may negatively influence 
sexual function, such as fatigue, myalgia and arthralgia. Previous studies have reported a high 
prevalence of sexual dysfunction in rheumatologic disorders21. Maddali Bongi et al.17 reported 
that 62% of pSS patients rated sexual activity as important and 68% stated that symptoms 
of pSS affected their sexual ability, which shows that the impact of pSS on sexual function 
should not be overlooked. However, data on sexual function in women with pSS are scarce. 
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Classification and stratification
Diagnosis and classification of pSS are challenging due to the heterogeneous presentation of the 
disease. As a gold standard for diagnosis of pSS does not exist, diagnosis and classification of pSS 
are based on the interpretation of several tests and observations. Many different classification 
criteria sets for pSS have been in use. Until a few years ago, the 2002 American-European 
Consensus Group (AECG) criteria were most frequently used by researchers and clinicians22. 
The AECG criteria include 2 subjective items (sicca symptoms of the eyes and mouth) and 4 
objective items (presence of functional impairment of the salivary and lacrimal glands, presence 
of anti-SSA or SSB antibodies and a focus score of ≥1 in the salivary gland biopsy). The focus 
score is defined as the number of mononuclear cell infiltrates in the salivary gland parenchyma 
containing at least 50 inflammatory cells in a 4 mm2 section. In 2012, Shiboski et al.23 proposed 
new classification criteria, which were designed to select the right patients for clinical trials 
with biological disease-modifying anti-rheumatic drugs (DMARDs) and provisionally approved 
by the American College of Rheumatology (ACR). The provisional ACR criteria included focus 
score, serology and ocular staining score (OSS). By including only objective items, the authors 
aimed to increase the specificity of the ACR criteria in comparison to older criteria sets. However, 
these criteria were less feasible than the AECR criteria, as an ophthalmologist who is qualified 
to determine the OSS is not always available in rheumatology clinics. In 2016, the International 
Sjögren’s Syndrome Criteria Working Group developed the ACR-European League against 
Rheumatism (EULAR) criteria for pSS using methodology endorsed by both the ACR and EULAR, 
to reach international consensus regarding the classification criteria, and allow comparison 
of results between trials24,25. The ACR-EULAR criteria combine items from the AECG and ACR 
criteria and use a weighted scoring system, which gives three points for a focus score ≥1 and 
positive anti-SSA antibodies, and one point for a decreased unstimulated whole salivary flow, 
decreased Schirmer’s test, or increased ocular staining score (table 1). Patients with a score of ≥4 
are classified as pSS. 

Table 1. ACR-EULAR criteria for primary Sjögren’s syndrome23

Item Weight

Focal lymphocytic sialadenitis and focus score ≥1 3 points

Anti-SSA/Ro positive 3 points

Ocular staining score ≥5 in at least 1 eye 1 point

Schirmer’s test ≤5mm/5min in at least 1 eye 1 point

Unstimulated whole salivary flow rate ≤0.1ml/min 1 point

A point of criticism regarding the ACR-EULAR criteria is that they are not actually new criteria, 
but a reshuffling of items from older criteria sets, and did not improve classification of pSS 
in comparison to the AECG criteria26. The Schirmer’s test and assessment of unstimulated 
whole saliva flow rate are easy to perform, but do not differentiate between pSS and other 
causes of xerostomia and keratoconjunctivitis sicca27,28. Salivary gland ultrasound (SGUS) 
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has been proposed as an alternative test to support diagnosis and classification of pSS. 
Ultrasonography has many advantages; it is non-invasive, non-irradiating, inexpensive and can 
be repeated for follow up. SGUS has shown good diagnostic properties for diagnosing pSS, 
with a pooled sensitivity of 69% and specificity of 92%29,30, and good inter- and intra-observer 
reliability31–33. A simple scoring system, examining hypoechogenic areas in one parotid and 
submandibular gland, shows sufficient validity to predict classification of pSS patients34. Using 
a simple scoring system increases the feasibility of SGUS. As many rheumatologists already 
use musculoskeletal ultrasound, use of SGUS can be easily incorporated in rheumatologic 
outpatient clinics. However, the value of adding salivary gland ultrasound to classification 
criteria for pSS, or replacing current items with salivary gland ultrasound, has not yet been 
studied. 

Even when the same classification criteria are used in trials, there can be big differences in the 
characteristics of study populations, depending on the population from which patients are 
selected, the tests used to diagnose patients with pSS, and other inclusion criteria. A recent 
study illustrated the heterogeneity of pSS by performing hierarchical cluster analysis to stratify 
patients based on their symptoms35. Four subgroups of pSS patients were identified: low 
symptom burden, high symptom burden, dryness dominant with fatigue and pain dominant 
with fatigue. These four phenotypical groups showed distinct clinical and biological profiles. 
This may explain discrepancies between outcomes of studies which have similar inclusion 
criteria, as patients with different phenotypes may also respond differently to therapies. In 
order to be able to compare different study populations, we should therefore search for 
biomarkers and clinical characteristics which determine the phenotype of a patient and 
which may predict response to therapy. Ideally, these characteristics should be reliable and 
easy to evaluate, which makes SGUS a promising tool for clinical phenotyping of pSS patients.

Systemic treatment
Although better understanding of the pathogenesis of pSS has offered many possible targets 
for intervention, systemic treatment options for pSS remain limited. Traditional DMARDs 
(including corticosteroids, hydroxychloroquine, methotrexate, azathioprine, mycophenolate 
and ciclosporin A), and anti-TNF therapy have either shown limited effects or high rates of 
adverse events, making them unsuitable for long-term treatment36. Several biologic DMARDs, 
including rituximab and abatacept, have shown promising results in pSS, but none have yet 
been approved36,37. Treatment of the majority of pSS patients is therefore still focused on 
symptom relieve, but this approach is often insufficient to reduce disabling symptoms of 
dryness, fatigue and pain. 

The large variation in primary and secondary outcomes used in clinical trials in pSS makes 
it difficult to compare trials and draw conclusions regarding the efficacy of therapies in pSS. 
Until recently, few trials evaluated the effect of treatment on extraglandular symptoms37. In 
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2013, two complementary indices were developed: the  EULAR Sjögren’s Syndrome Disease 
Activity Index (ESSDAI) and EULAR Sjögren’s Syndrome Patient Reported Index (ESSPRI)3,38. The 
ESSDAI is completed by physicians and scores systemic disease activity, whereas the ESSPRI is 
patient-reported and measures the main symptoms of pSS39. The ESSDAI and ESSPRI are now 
used in most trials in pSS and have shown adequate sensitivity to change40. Determination of 
the minimal clinical important improvement in ESSDAI (a decrease of ≥3 points from baseline) 
and ESSPRI (a decrease of ≥1 point or 15% from baseline) have made it possible to define 
response according to the ESSDAI and ESSPRI41. 

Abatacept is a fully human biological DMARD consisting of cytotoxic T-lymphocyte antigen 
4 (CTLA-4) coupled to the Fc tail of IgG. CTLA-4 binds to the co-stimulatory molecules CD80 
and CD86 on antigen presenting cells. By blocking the co-stimulatory signal provided by 
antigen presenting cells, abatacept inhibits activation of T-cells and T-cell dependent B-cell 
hyperactivity (figure 1). Abatacept can be administered as intravenous or subcutaneous 
injections and has shown beneficial effects and a good safety profile in rheumatoid arthritis 
and polyarticular juvenile idiopathic arthritis42,43. In systemic lupus erythematosus (SLE), 
clinical trials of abatacept have failed to achieve their primary outcome, but abatacept may be 
effective in treating arthritis and nephritis44. In our open label trial of intravenous abatacept 
in 15 pSS patients with short disease duration and active disease, improvements were seen 
in ESSDAI and ESSPRI, fatigue, and HR-QoL45. Another small open label study also showed 
beneficial effects of intravenous abatacept in pSS, although no validated clinical or patient 
reported outcome measurements were used46. In a recent open label trial, pSS patients were 
treated with intravenous abatacept for 24 months, after which they showed improvement 
of salivary flow and ESSDAI score47. Abatacept decreased the number and activation of 
circulating follicular T-helper (Tfh) cells48, and attenuated B-cell activity, as reflected by 
decreased autoantibodies levels, circulating plasmablasts and levels of BTK in B-cells49. These 
results warrant further investigation of the efficacy and safety of abatacept in a randomised 
controlled trial (RCT). 

Considering the prominent role of B-cell hyperactivity in the pathogenesis of pSS, the efficacy 
of targeting of CD20 expressing B-cells by rituximab has been studied in several open label 
trials and RCTs. Although most studies showed promising results, two larger RCTs did not 
reach their primary endpoint50,51. Consequently, there is no consensus regarding the efficacy 
of rituximab in pSS, and treatment with rituximab is currently reserved for patients with severe 
organ involvement. However, considering the beneficial effect on several clinical, biological 
and histological outcomes, and results from post-hoc analyses which have identified patients 
who may benefit from treatment52, rituximab is still worth further investigation. 
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Figure 1: Abatacept mechanism of action. 
Abatacept binds to CD80/86 on antigen presenting cells, thereby preventing binding of CD80/86 to CD28 on T-cells, which is a 
co-stimulatory signal needed for activation of the T-cell. APC=antigen presenting cell. MHC=major histocompatibility complex. 
Adapted and reproduced from training presentation with permission of Bristol-Myers Squibb.
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GENERAL AIM AND OUTLINE
The general aim of this thesis was to improve the understanding and management of pSS, 
focusing on three topics. First, the prevalence and pathogenesis of vaginal sicca symptoms 
and sexual dysfunction in pSS were explored. Second, new tools to classify patients with pSS 
were evaluated: the new ACR-EULAR classification criteria and SGUS. Finally, the efficacy and 
safety of abatacept treatment and other systemic treatment options for pSS were assessed. 

Part one of this thesis describes the impact of pSS on vaginal dryness and sexual dysfunction, 
and explores the pathogenesis of vaginal dryness in pSS. Chapter 2 describes a case-control 
study in which the self-reported sexual function of 46 patients and 43 healthy controls was 
compared. Within the group of pSS patients, the relationship between sexual dysfunction 
and other psychosocial aspects of pSS was studied. Chapter 3 describes a translational 
study exploring the pathogenesis of vaginal dryness in pSS, by quantifying and comparing 
immunological and histopathological markers in the cervix and vagina of 9 pSS patients and 
8 controls. In chapter 4, the vaginal microbiome of the same group of pSS patients and 
controls is compared. 

Part two of this thesis focuses on the classification and stratification of patients with 
suspected or confirmed pSS. In chapter 5, the validity of the recently developed ACR-
EULAR classification criteria was evaluated in a cohort of patients clinically suspected with 
pSS. Chapter 6 assesses whether addition of salivary gland ultrasound to the ACR-EULAR 
classification criteria influences the validity of these criteria. In chapter 7, SGUS is used to 
determine the clinical phenotype of patients who have been diagnosed with pSS and 
participate in a longitudinal registry. 

Part three of this thesis discusses the efficacy and safety of systemic treatment options for 
pSS. Chapter 8 presents the results of a randomised controlled trial of abatacept treatment in 
pSS, the Abatacept Sjögren Active Patients phase III (ASAPIII) trial. In chapter 9, the biological 
and clinical efficacy of rituximab is reviewed. Chapter 10 discusses the safety profile of several 
systemic treatment options for pSS. 
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