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Primary Sjögren’s syndrome (pSS) is a multifaceted disease. The pathogenesis of pSS is 
complex, involving the glandular epithelium, activation of the interferon system, and 
T-cell mediated B-cell hyperactivity. While understanding of the pathogenesis of pSS has 
significantly increased, many questions remain unanswered. For example, although vaginal 
dryness is a major symptom in women with pSS, it is unknown what causes this symptom. 
Given the complexity and heterogeneity of the disease, it is uncertain which inclusion criteria 
and endpoints should be used in pSS trials. The development of the international consensus 
American College of Rheumatology-European League against Rheumatism (ACR-EULAR) 
classification criteria has been a step forward, but these criteria could be further improved by 
investigating the value of new diagnostic tools. Better understanding of different phenotypes 
within the spectrum of pSS may also improve the selection of patients for clinical trials. Due 
to the development of promising new therapeutic targets, in recent years many therapeutic 
trials have been performed in pSS patients. However, the results of different trials are often 
inconsistent and/or negative, and treatment options for pSS remain limited. 

How does pSS affect vaginal lubrication and sexual function?  
Sexual dysfunction is an important but under-recognised aspect of pSS. Patients with 
rheumatologic disorders often experience several physical and psychological symptoms that 
may affect their sexual ability. This is reflected by a high prevalence of sexual dysfunction, 
which might influence quality of life1. In pSS, vaginal dryness and pain during intercourse 
are common symptoms2–8, which form an additional barrier to enjoying sexual activity. In 
chapter 2, we showed that sexual function as measured with the Female Sexual Function 
Index (FSFI) in women with pSS was indeed impaired, when compared to control individuals, 
and that patients with pSS were less often sexually active9. Several authors have now 
confirmed the impaired sexual function in pSS10–12. Of the six domains of the FSFI, lubrication 
was most evidently impaired, showing the impact of pSS on vaginal lubrication9. pSS patients 
experienced an increased level of distress regarding their sexual life, and sexual dysfunction 
was associated with anxiety and depression. Despite these findings, the majority of the 
patients with sexual dysfunction reported that they rarely discuss sexual problems with 
their rheumatologists. Rheumatologists should therefore actively discuss this topic with pSS 
patients and refer patients to a sexologist when necessary. 

Studies evaluating vaginal health of women with pSS show conflicting results. Two studies 
found erythema of the vaginal epithelium in pSS13,14, while others did not find any macroscopic 
changes to the vagina and cervix2,11. Only four previous studies actually assessed histological 
changes in the vulva, vagina or cervix of patients with pSS which may explain vaginal dryness. 
The first study looked at cervical biopsies in women with pSS, and observed chronic cervicitis 
in 48% of premenopausal and 33% of postmenopausal pSS patients14. However, no controls 
were included in this study. Two studies found peri-epithelial lymphocytic infiltrates in the 
underlying stroma of the vaginal epithelium of pSS patients4,7. A more recent study detected 
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lymphocytic infiltration of the vulvar epithelium in patients with pSS, but did not see any 
differences between pSS patients and non-SS sicca symptoms15. However, in this last study, 
only 33% of included pSS patients were SSA positive, while the proportion of patients with 
positive biopsies was not reported, which raises doubts about whether the study population 
was actually representative of pSS. Further, the authors used semi-quantitative scoring to 
determine the amount of infiltration, which may not be sensitive enough to detect small 
differences.

To address the pathogenesis of vaginal dryness in pSS, chapter 3 describes the first 
quantitative analysis of immunological and histopathological markers in the vagina and 
cervix of premenopausal women with pSS16. Despite the small number of included patients 
and control individuals, we found significant increases in number of infiltrating T-cells in 
vaginal biopsies of pSS patients. Lymphocytic infiltrates showed a peri-epithelial localization 
and aggregates in dermal papillae, similar to the lymphocytic infiltrates in the vagina and 
vulva of pSS patients that were described in other studies4,7,15. 

Previous studies have shown that T-cells and antigen presenting cells are most prevalent in 
the cervix of healthy women, to maintain immunity to vaginal pathogens17,18. Indeed, in our 
study lymphocytic infiltration was present in the endocervix of women with pSS as well as 
in controls. However, we did find an increase in the number of B-cells in the endocervix of 
women with pSS, while B-cells are rare in the female reproductive tracts of healthy women17,18, 
possibly reflecting the B-cell hyperactivity in pSS. 

Vaginal fluid mostly consists of transudate formed by ultrafiltration of plasma from the 
capillaries in the vaginal walls, and mucous secretions from the cervical columnar epithelium, 
of which amounts vary throughout the menstrual cycle. During intercourse, the majority of 
the fluid in the vagina consists of transudate, due to dilation of the vaginal arteries in response 
to release of neural vasoactive intestinal peptide19. Interestingly, in the study described 
in chapter 3, we found a decrease in the number of smooth muscle cells in the vagina, 
which may indicate damage to vascular smooth muscle cells, or a decrease in the number 
of arterioles16. We further found an increase of the interferon-induced chemokine CXCL10 
in the endocervical swab samples. The decrease in vaginal smooth muscle cells might be 
a sign of endothelial damage and vascular dysfunction, which were previously described 
in pSS20–22. Endothelial damage and vascular dysfunction in pSS might be mediated by the 
interferon pathway, as was shown in systemic lupus erythematosus (SLE)23–25. An association 
of sexual dysfunction with endothelial dysfunction and vascular remodelling secondary to 
chronic immune system activation has also been described in metabolic disorders such as 
hypertension, obesity and diabetes26. We therefore propose that vaginal dryness in pSS is 
caused by vascular dysfunction, possibly induced by interferon induced pathways. 
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Considering the involvement of exocrine glands in pSS, previous authors have proposed that 
vaginal dryness may be caused by inflammation of vaginal glands13,27. Whether these glands 
are affected by pSS has never actually been investigated. However, the vestibular glands 
(Bartholin’s glands) only provide a small contribution to lubrication of the vestibule of the 
vagina19, and the para-urethral glands (Skene’s glands) most likely only secrete a small amount 
of fluid during orgasm28. Therefore, it seems unlikely that involvement of these glands would 
cause significant intra-vaginal dryness. 

It has also been proposed that vaginal dryness in pSS results from vaginal atrophy, due to 
oestrogen deficiency29. The role of gonadal hormones in the development pSS may be 
reflected by the increased incidence of pSS in women30, increased risk of pSS during treatment 
with aromatose inhibitors31 and association of pSS with a reduced cumulative lifetime 
exposure to oestrogen32. Oestrogen deficiency probably contributes to vaginal dryness in 
postmenopausal women with pSS, as the prevalence of vaginal dryness in pSS increases after 
menopause2. However, plasma levels of estrogens are not reduced in pSS33,34, and there are 
several clues that in premenopausal women with pSS, oestrogen deficiency is not a major 
factor in the aetiology of vaginal dryness. First, symptoms of vaginal dryness in pSS often 
already occur before menopause2,6,35. In line with this notion, in chapter 2 a subgroup analysis 
showed that pre-menopausal patients also experience significantly impaired sexual function 
compared to controls9. Second, in the study described in chapter 3, we did not find any 
signs of vaginal atrophy in premenopausal women with pSS who have symptoms of vaginal 
dryness: epithelial thickness was not decreased and vaginal pH was not increased16. Third, 
in chapter 4 we did not find any changes to the microbiota composition of women with 
pSS36. In postmenopausal women without pSS, changes are seen in the vaginal microbiome 
compared to premenopausal women37. If vaginal dryness in pre-menopausal pSS was caused 
by oestrogen deficiency, we would expect to find similar changes in the microbiome as seen 
in postmenopausal women. 

In our experience, pSS patient with vaginal dryness often benefit from the use of lubricants 
during intercourse. Fatty ointments or products containing hyaluronic acid can be used 
for relieve of daily discomfort due to vaginal dryness. However, these products only give 
temporary relieve. If vaginal dryness in pSS is indeed caused by vascular dysfunction, 
secondary to chronic immune system activation, immunosuppressive treatments may 
improve this symptom. Although we did not find an effect of abatacept treatment on patient-
reported vaginal dryness in chapter 8, we did find a beneficial effect of abatacept on sexual 
function (FSFI)38. Perhaps vaginal dryness as measured with a numeric rating scale of 0-10 
does not have enough sensitivity to change to detect minor improvements, or does not 
correspond to objective improvement in vaginal lubrication. Alternatively, sexual function 
may also have been improved due to amelioration of other symptoms which affect sexual 
function, such as fatigue and pain. 
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Considering the small sample size of the study population described in chapter 3 and chapter 
4, larger studies are needed to confirm our results, ideally using objective measurements 
of vaginal lubrication. Although no methods exist to robustly measure vaginal lubrication, 
blood flow in the vaginal epithelium can be measured by vaginal photoplethysmography39. 
Using this method, it would be interesting to assess whether vaginal blood flow is associated 
with the number of smooth muscle cells in the vagina and with interferon activation, and 
whether vaginal blood flow is objectively improved by immunosuppressive treatment. To 
further explore the possible role of vascular endothelial dysfunction, it would be interesting 
to evaluate whether vaginal dryness is associated with Raynaud’s phenomenon and other 
extraglandular characteristics of pSS. Furthermore, future studies should also evaluate 
whether sexual dysfunction also occurs in male patients with pSS, as vascular dysfunction 
may cause erectile dysfunction.

How should we classify and stratify pSS patients? 
For many years, pSS had more proposed classification criteria sets than any other 
rheumatologic condition40. Due to the lack of a gold standard for diagnosis of pSS, diagnosis 
is based on expert opinion. Consensus regarding the classification criteria for pSS is therefore 
necessary to include homogenous study populations in clinical trials. The development of 
the ACR-EULAR classification criteria for pSS, using validated methods recommended by the 
ACR and EULAR, has therefore been an important step forward in pSS research41,42. The ACR-
EULAR criteria use a weighted scoring system. Three points are assigned for a focus score ≥1 
or presence of anti-SSA antibodies, and one point for decreased unstimulated whole salivary 
flow, decreased Schirmer’s test, or increased ocular staining score. Patients with a score of ≥4 
are classified as pSS.

The study described in chapter 5 confirmed the excellent sensitivity of the ACR-EULAR 
criteria to classify patients as pSS, which was 97% in our cohort, similar to the sensitivity of 
96% in the original validation cohort43. Using labial gland biopsies, the specificity of the ACR-
EULAR criteria in our cohort (83%) was lower than in the original cohort (95%). A retrospective 
Japanese cohort found an even lower specificity (77%)44. The discrepancy with specificity in 
the original validation cohort may be caused by differences in opinion between the experts 
defining the gold standard in these cohorts. In other words, some of the patients who were 
classified as pSS by the experts of the original validation cohort, would be classified as non-
pSS by Dutch and Japanese experts. 

We found that patients with ACR-EULAR scores of 4-6 were most likely to be misclassified 
by the ACR-EULAR criteria. Patients who were classified as pSS by the criteria but classified 
as non-pSS by the experts often had either a positive biopsy or presence of SSA antibodies, 
combined with a decreased Schirmer’s test and/or unstimulated whole salivary flow (UWS). 
This is important to keep in mind, as in daily clinical practice classification criteria are often 
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used as diagnostic criteria, and the use of the ACR-EULAR criteria may lead to some false-
positive diagnosis. To reduce the risk of misdiagnosing a patient as pSS, we advise to do 
a complete work-up of all patients suspected of pSS. Furthermore, histological analysis of 
the salivary glands should not only be based on the focus score, as the focus score may 
be false positive. Lymphocytic periductal infiltrates may also be present in elderly patients 
without pSS, or arise as a result of mechanical irritation (e.g. chewing), infection, irradiation or 
ischemia45. Presence of lymphoepithelial lesions and an increased ratio of IgM/IgG producing 
plasma cells are more specific for pSS. 

The ACR-EULAR criteria include focus score in labial gland biopsies as an item, as only labial 
gland biopsies were used in the cohort on which the criteria were based41,42. The validity 
of the ACR-EULAR criteria when using parotid gland biopsies had not been assessed in the 
original validation cohort. Parotid gland biopsies have the advantage that repeated biopsies are 
possible, and MALT lymphoma’s, which are often found in the parotid glands of pSS patients, 
can coincidentally be detected with parotid gland biopsies46. Furthermore, no permanent 
complications have so far been reported in the literature, in contrast to labial gland biopsies 
which may cause permanent loss of sensation in the lip. In the cohort described in chapter 5 
labial as well as parotid gland biopsies were simultaneously collected from most patients. When 
parotid gland biopsies were used as an item instead of labial gland biopsies, the overall accuracy 
of the ACR-EULAR criteria remained equal, but lower sensitivity (91%) and higher specificity 
(92%) were found compared to when labial gland biopsies were used (sensitivity 97%, specificity 
83%)43. Thus, patients are less often falsely classified as pSS when using parotid gland biopsies 
instead of labial gland biopsies for classification according to the ACR EULAR criteria. 

Due to the lack of a gold standard for diagnosis, the development of new criteria will always 
be influenced by the thought of existing popular criteria sets. When using expert opinion as 
gold standard, the experts may (subconsciously) classify the patients according to the AECG 
criteria. Therefore, it is not surprising that the ACR-EULAR criteria showed very high agreement 
with the AECG criteria in our cohort (98%)43 and in a French cohort (96%)47. This may raise the 
question whether development of new criteria was actually necessary. However, the ACR-
EULAR criteria could be considered as an updated version of the AECG criteria. The ocular 
surface staining, as measured by the Ocular Staining Score (OSS), was added as a separate 
item, in contrast to the AECG which combined Schirmer’s test and the van Bijsterveld score in 
one item48. The exclusion criteria were renewed, leaving out lymphoma, as MALT and other 
types of lymphoma’s are common in pSS, and including IgG4 disease which may mimic pSS. 
Furthermore, sialography and salivary gland scintigraphy were excluded as these diagnostic 
techniques are rarely used any more. 

Although the ACR-EULAR classification criteria are now widely used, many researchers 
support the idea that salivary gland ultrasound (SGUS) might be a valuable addition to the 
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classification criteria for pSS, considering its good diagnostic properties40,49–52. Previous studies 
have shown that the validity of the AECG criteria and proposed ACR criteria was improved by 
addition of SGUS53,54. Four studies, including the one described in chapter 6, have so far 
evaluated the addition of SGUS to the ACR-EULAR criteria47,55–57. Takagi et al.56 found that SGUS 
improved both sensitivity and specificity, using an SGUS scoring system developed by them, 
with a weight of 3 for SGUS, and cut-off for the ACR-EULAR score of ≥5. However, complete 
data regarding the ACR-EULAR criteria was only available in a small subset of their study 
population. The other three studies used simpler scoring systems, in which homogeneity 
or presence of hypoechogenic areas was scored on a scale of 0 to 3 or 4. Le Goff et al.47 
arbitrarily added SGUS to the ACR-EULAR criteria with a weight of 1, keeping the cut-off of 
≥4 for classification as pSS the same. The study described in chapter 657, as well as a study 
by Jousse-Joulin et al.55, confirmed that the optimal weight of SGUS when added to the ACR-
EULAR criteria was indeed 1 and that the optimal cut-off remained ≥4. In all three studies, 
sensitivity was slightly improved with little loss of specificity. 

Importantly, in chapter 6 we also found that SGUS, with a weight of 1, can replace Schirmer’s 
test, unstimulated whole saliva and ocular staining score, without decreasing the validity 
of the ACR-EULAR criteria57. Allowing clinicians to replace one of these tests with SGUS 
would increase the feasibility of the ACR-EULAR criteria. When replacing the biopsy or anti-
SSA positivity with SGUS, the sensitivity of the criteria was substantially decreased. As a 
combination of a positive SGUS and presence of SSA antibodies has a high positive predictive 
value (97%) for classification as pSS58, determination of SSA antibodies and SGUS evaluation 
could be the first step in a classification work-up. When one of these tests shows negative 
results, the next step should be a salivary gland biopsy. 

A question that remains unanswered is whether patients who reach a score of 4 based on 
positivity of all minor items (UWS, OSS, Schirmer’s test and SGUS), but with a focus score ≤1 
and absence of anti-SSA antibodies, should be classified as pSS. Only one such patient was 
present in the study in chapter 6, and this patient was clinically diagnosed as a non-pSS 
patient57. The study described by Jousse-Joulin et al.55 did not include any patients with a 
score of 4 based on minor items only, but their panel of experts recommended that at least 
one major item (focus score ≥1 or anti-SSA positive) should be present for classification as 
pSS. Future studies should evaluate whether patients with positive ACR-EULAR criteria but 
without a focus score ≥1 or anti-SSA positivity have salivary and tear gland dysfunction due 
to different causes than pSS, such as medication induced sicca syndrome, or whether these 
patients may develop full-blown pSS later on. 

Classification criteria are developed with the goal of creating homogenous study populations 
in clinical trials. However, pSS is a heterogeneous disease and all patient differ from each other 
in signs and symptoms. Perhaps we should therefore shift our focus to identifying subgroups 
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of patients with similar pathophysiological and clinical characteristics, who may respond well 
to a certain treatment, instead of trying to include homogenous study populations. Chapter 
7 showed that patients with abnormal SGUS have higher systemic and biological activity, 
increased glandular inflammation, decreased glandular function and more pSS-related damage. 
SGUS negative patients reported more symptoms of fatigue and pain. Other studies have also 
described associations between SGUS and ESSDAI, rheumatoid factor, IgG, presence of anti-SSA 
antibodies, focal inflammation of the minor salivary glands, salivary and tear gland dysfunction, 
and dryness symptoms59–65. SGUS therefore seems to be a suitable tool to stratify clinical 
subgroups of pSS patients. Another way to stratify pSS patients is based on their symptoms. 
Tarn et al.66 identified four subgroups of patients based on the ESSPRI and hospital anxiety and 
depression scale (HADS): low symptom burden, high symptom burden, dryness dominant with 
fatigue, and pain dominant with fatigue. These subgroups showed distinct pathobiological 
endotypes and different responses to immunomodulatory treatments.

Before SGUS can be widely implemented and included in classification criteria for pSS, a 
consensus SGUS scoring system has to be developed. For this purpose, the EULAR US-pSS 
Task Force has created a consensual reference atlas, containing definitions of several items 
(e.g., echogenicity, homogeneity, hypoechogenic areas, hyperechoic bands)67. However, 
several SGUS scoring systems are still in use. For classification purposes, a simple system 
scoring only hypoechogenic areas in the submandibular and parotid gland on one side is 
sufficient68. Which scoring system works best for use as inclusion criterion or efficacy outcome 
in clinical trials, or for monitoring longitudinal progression of pSS, remains to be evaluated, by 
comparing their validity, reliability and sensitivity to change. 

Most studies of salivary gland ultrasonography in pSS have used conventional brightness-
mode ultrasonography, but future studies should also evaluate the added value and reliability 
of other modes of ultrasound such as colour Doppler and elastography. Colour Doppler, 
which determines the degree of vascularization of the salivary glands, can be used to detect 
glandular inflammation, but reliability of salivary gland colour Doppler evaluation may be 
limited69–71. Elastography measures stiffness of the salivary glands, which is increased in pSS 
patients and associated with B-mode ultrasound score, systemic and glandular activity and 
salivary CXCL10 levels72–74.

Which systemic treatments are effective and safe in pSS? 
Despite the growing number of randomised controlled clinical trials (RCT) that have been 
performed in pSS, and the many treatment targets that have been explored, no systemic 
treatment for pSS has yet been approved by the Food and Drug Administration (FDA) or 
European Medicines Agency (EMA). The recent EULAR guidelines for the treatment of 
pSS recommend that systemic therapies such as glucocorticoids, hydroxychloroquine, 
cyclophosphamide, rituximab, belimumab and abatacept should be restricted to patients 
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with active systemic disease, but also state that the level of evidence for each of these 
therapies was low75. 

Considering the promising results of open label trials of abatacept treatment in pSS76–78, the 
Abatacept Sjögren Active Patients (ASAPIII) RCT (chapter 8) aimed to assess the safety and 
efficacy of subcutaneous abatacept compared with placebo in pSS38. Unfortunately, the 
primary endpoint (ESSDAI score at week 24) was not met, and based on the ASAPIII trial we 
cannot recommend abatacept treatment as standard of care to reduce systemic disease 
activity in pSS. A large decrease in ESSDAI was seen in the placebo group as well as in the 
abatacept-treated group. These results were confirmed in a multicentre, sponsor-initiated 
RCT79. Although the primary endpoint was not met, some secondary endpoints in the ASAPIII 
trial did show significant effects of abatacept. ESSDAI, physician global disease activity and 
DAS-28 (CRP) were significantly lower at week 12 in abatacept treated patients compared 
to placebo treated patients, which indicates that improvements in systemic disease activity 
occurred earlier in abatacept treated patients38. The larger proportion of abatacept-treated 
patients reaching a minimal clinical important improvements in ESSPRI, and improvement 
of sexual function during abatacept treatment, shows that at least some patients may 
experience benefit from abatacept treatment. However, when interpreting these results, we 
need to keep in mind the large number of secondary outcomes that were evaluated in the 
ASAPIII trial, which increases the chance of false positive findings. No differences between 
treatment groups were found for other patient reported outcomes, and the multicentre RCT 
did not find any effect of abatacept on ESSPRI score79. 

Abatacept has shown clear biological effects in pSS. In accordance with previous open label 
results76, IgG and rheumatoid factor were decreased by abatacept in the ASAPIII trial38 (chapter 
8) and multicentre trial79. In the multicentre abatacept trial79, abatacept significantly decreased 
the chemokine CXCL13 and several cell subsets including ICOS expressing T-follicular helper 
(Tfh) cells, confirming the findings of Verstappen et al.80. 

Due to the large variance in glandular function outcomes in pSS patients, which necessitates 
a large sample size to find any differences between groups, no definite conclusions can be 
drawn regarding the effect of 24 weeks of abatacept treatment on glandular function in 
pSS38 (chapter 8). Furthermore, a longer treatment duration may be needed, as 24 weeks of 
abatacept treatment showed limited effects on histopathological features in parotid gland 
biopsies in our open label trial81. Although 24 weeks of abatacept treatment decreased 
germinal centers, it did not reduce focus score, lymphoepithelial lesions, area of lymphocytic 
infiltrate, amount of follicular dendritic cell networks or numbers of T-cells or B-cells. A recent 
open label study did find improvement of salivary flow after 24 months of abatacept treatment 
in pSS patients78. Data from the open label extension phase of the ASAPIII trial indeed shows 
that long-term abatacept does improve ocular staining score and might also improve UWS82. 
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Studies assessing the efficacy of rituximab in pSS show the same pattern as studies using 
abatacept; despite promising results of smaller open label studies and RCTs83–86, two large 
RCTs87,88 showed disappointing results (chapter 9)89. Consequently, consensus on the 
efficacy of rituximab is lacking. However, post-hoc analyses suggest that rituximab treatment 
is beneficial in selected patient subgroups. The EULAR guidelines recommend the use of 
rituximab in patients with severe, refractory systemic disease75. Considering the prominent 
role of B-cell hyperactivity in pSS, there is room for new trials with anti-CD20 targeted therapy 
and other B-cell targeting therapies. 

The unexpected negative clinical results of several recent RCTs, after open label trials showing 
promising results, raise an important question: why do RCTs in pSS fail? Despite the negative 
results of recent RCTs, we can still learn from them, as these trials provide important information 
which may help us understand the pathophysiology of pSS, define better inclusion criteria, 
and develop new endpoints. To be able to show clinical efficacy of a drug, the design of a trial 
should meet certain conditions, which will be discussed in the following paragraphs. 

First, the right therapeutic target should be selected, and the drug should be given in an 
adequate dosage, for a long enough period of time. Previous studies have provided sufficient 
evidence for the biological efficacy of abatacept80,90 and rituximab (chapter 9)89, to justify 
inhibition of co-stimulation and B-cell depletion as therapeutic targets. Targeting the CD40-
CD154 co-stimulatory pathway is also a promising approach, as a recent exploratory placebo-
controlled study showed a clinically meaningful improvement in ESSDAI during anti-CD40 
treatment with iscalimab91. However, considering the complex pathophysiology of pSS, 
perhaps treatments should target more than one pathway at the same time, by combining 
drugs, or using drugs with multiple modes of action. After rituximab treatment, an increase of 
serum levels of B-cell activating factor (BAFF) is seen, which leads to B-cell regeneration, and 
possibly an increase of generation of autoreactive cells92. pSS patients who do not respond to 
rituximab treatment more often show high baseline serum levels of BAFF93. The combination 
of rituximab with belimumab (anti-BAFF), which may prolong B-cell depletion, is therefore 
currently being investigated in an RCT (clinicaltrials.gov NCT02631538). Ianalumab, an anti-
BAFF-receptor monoclonal antibody, causes lysis of B-cells as well as BAFF-receptor blockade, 
mimicking the effect of rituximab combined with belimumab94. Compared to placebo, patients 
treated with ianalumab showed a dose-dependent reduction in ESSDAI, and a larger number 
of ESSDAI responders. However, the largest mean difference in ESSDAI between groups was 
only 1.9 points (below the minimal clinically important improvement of 3 points), and no 
improvements were seen in patient reported outcomes. Another example of combination 
therapy is the combination of leflunomide and hydroxychloroquine, which achieved stronger 
in vitro immune inhibition than either drug seperately95. A pilot RCT suggested efficacy of this 
combination regarding ESSDAI, ESSPRI and laboratory parameters (IgG, rheumatoid factor, 
CXCL13 and complement)96, but these results have not yet been confirmed in a larger trial. 
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The second condition for a successful therapeutic trial, is the selection of the right study 
population. The study population should be well-defined, large enough, and include patients 
who are likely to benefit from therapy. Inclusion of a placebo-treated control group is also 
important, considering previous discrepancies between open label studies and RCTs in 
pSS. Selection of study population has been a major topic of discussion in the past years. 
Should we focus on patients with high symptom burden, or on patients with high risk of 
life threatening complications of pSS? Previous trials have tried to include pSS patients who 
may be more likely to respond to systemic therapy, such as patients with high systemic 
disease activity (ESSDAI ≥ 5 or 6). However, using strict inclusion criteria results in exclusion 
of a substantial proportion of the pSS population. In a prospective registry in the United 
Kingdom, the inclusion criteria of most recent clinical trials were fulfilled by less than half of 
the patients97. In the ASAPIII study, only 14% of patients from the UMCG pSS population was 
considered eligible for participation38. Strict inclusion criteria also make it difficult to include 
enough patients to reach an adequate sample size. Post-hoc analyses of translational and 
clinical biomarkers, which may predict response to certain treatments, are therefore essential 
to improve the selection of patients for future trials and prevent unnecessary exclusion of the 
majority of patients. 

In our open label abatacept trial, a decrease in inducible T-cell co-stimulator (ICOS) expression 
by circulating Tfh-cells was associated with ESSDAI improvement80. With regard to the recently 
completed ASAPIII trial, we plan to evaluate whether baseline ICOS expression by circulating 
Tfh-cells can predict ESSDAI response. In rituximab trials, patients with high focus scores less 
often reached a response according to the Sjögren’s syndrome response index (SSRI), which 
includes visual analogue scales (VAS) for oral dryness, ocular dryness, and fatigue, UWS, and 
erythrocyte sedimentation rate (ESR)98,99. Considering that three of the five items in the SSRI 
measure sicca symptoms or glandular function, patients with high focus scores may show 
an SSRI response less often because the damage to their salivary and lacrimal glands is too 
severe and improvement of glandular function cannot be achieved by a single course of 
rituximab. On the other hand, patients with higher number of B-cells in the parotid glands are 
more likely to show a decrease in ESSDAI score after rituximab treatment100. Whether patients 
with severe glandular inflammation should or should not be included in trials targeting B-cell 
hyperactivity therefore also depends on whether the aim of the study is to improve systemic 
disease activity or to improve sicca symptoms. 

SGUS may also be a valuable and feasible tool to predict response to therapy. As SGUS-
positive patients show higher disease activity and more pronounced B-cell hyperactivity, one 
might speculate SGUS positive patients would respond better to therapies which decrease 
B-cell hyperactivity. However, considering the association of SGUS to disease duration and 
glandular dysfunction, a part of the patients with high SGUS scores may have irreversible 
structural damage to their glands. Using SGUS as an inclusion criterion may therefore increase 
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inclusion of patients with irreversible structural damage to their glands, decreasing the change 
of finding improvement of gland function during treatment. In the TEARS trial, patients who 
showed improvements of ≥30% in oral or ocular dryness had lower baseline SGUS scores 
than non-responders98. Whether SGUS scores can predict improvement in systemic disease 
activity should be further evaluated in clinical trials.

The third condition for a successful therapeutic trial, is the use of endpoints, which are valid, 
reliable and sensitive to change, and which aim to measure outcomes which are clinically 
relevant to the patients. Despite the best efforts of many research groups, a suitable primary 
endpoint for pSS has not yet been found. Several endpoints have been used in recent RCTs, 
often measuring either patient reported outcomes or systemic disease activity. 

Improving patient reported outcomes is important, considering the impact of pSS on health-
related quality of life. Patients with pSS who were participating in a rituximab trial rated physical 
fatigue as the most important symptom to improve during systemic therapy101. In a large 
patient survey conducted on behalf of the Sjögren’s Syndrome Foundation, 82% of patients 
found it extremely important that new systemic therapies address dryness symptoms102. The 
TEARS and TRACTISS rituximab trials and JOQUER hydroxychloroquine trial defined response 
to treatment as reductions of 30mm or 30% from baseline in varying numbers of VAS scores 
(including fatigue, dryness, pain or patients global disease activity)88,103,104. However, the 
minimal clinical important improvement (MCII) in ESSPRI is a decrease of only one point 
(corresponding to 10mm on a VAS score) or 15% from baseline105. Defining response as a 
reduction of 30mm or 30% on a VAS scale may therefore be too strict. However, when aiming 
to detect smaller reductions, large sample sizes are required to show a clinically relevant 
difference in patient reported symptoms between groups. 

The development of the ESSDAI has made it possible to measure the severity of systemic 
manifestations of pSS106. Several larger RCTs failed, using the ESSDAI as primary endpoint38,79,107. 
Failure to show differences in ESSDAI score between treatment groups may in part be due to 
the large decrease in ESSDAI in placebo-treated patients, which was seen in the ASAPIII trial 
(chapter 8), the multicentre abatacept trial, tocilizumab trial, and ianalumab trial38,79,94,107. This 
effect may in part be caused by regression to the mean, as each of these studies included 
ESSDAI ≥5 or ≥6 as an inclusion criterion. Regardless of the treatment, the ESSDAI shows 
natural variation over time within patients, and patients with high ESSDAI scores at baseline 
are more likely to show a subsequent decrease in ESSDAI108. A better approach may be to also 
include patients with lower systemic disease activity, and evaluate the proportion of patients 
who continue to have or reach low ESSDAI scores. Other limitations of the ESSDAI include 
difficulty to separate active disease from irreversible damage (e.g. permanent nerve damage 
due to polyneuropathy or fibrosis due to interstitial lung disease), and limited sensitivity 
to partial improvements within certain subdomains. Some domains are dependent on 
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subjective reporting of symptoms by patients, such as the constitutional domain, which may 
be influenced by expectations of the treatment effect. Other domains, such as the glandular 
and lymphadenopathy domain, are based on the results of the physical examination, which 
may have limited reliability. For several domains, additional diagnostic tests are needed to 
be able to complete the score, such as a pulmonary function test and high resolution CT for 
the pulmonary domain. Patients should therefore undergo an comprehensive rheumatologic 
evaluation and assessors should be adequately trained, to be able to provide a reliable ESSDAI 
score. 

Due to the heterogeneity of pSS patients, treatment goals may vary from patient to patient. In 
patients with early disease, we may primarily aim to improve glandular function and prevent 
further glandular damage, while in patients with irreversible glandular damage the main goal 
may be to reduce extra-glandular manifestations or fatigue. Different treatments may also 
affect different outcomes. Therefore, a composite endpoint which combines patient reported 
outcomes, glandular involvement, and systemic disease activity, may be more suitable to 
show efficacy in varying patient populations and treatments. Cornec et al.99 proposed the 
SSRI, a composite endpoint which was based on data from the TEARS trial and validated 
in two other RCTs, assessing rituximab and infliximab. The SSRI defines response as a 30% 
improvement or more in at least two of the five domains (VAS oral dryness, VAS ocular 
dryness, VAS fatigue, UWS, and ESR). Compared to placebo treated patients, rituximab treated 
patients showed higher proportions of responders according to the SSRI while no difference 
was seen between infliximab and placebo treated patients. In the ASAPIII trial, a significant 
difference in the proportion of responders according to the SSRI was seen in week 12, even 
though no difference between groups was seen in the individual items of the SSRI38. However, 
the SSRI does not include systemic disease activity or tear gland function, which are also 
considered important outcomes in pSS, and ESR may not be a sensitive or specific biomarker 
for biological activity. 

So far, SGUS has not been used as primary endpoint in pSS trials, but it is increasingly being 
used as a secondary endpoint. The TEARS and TRACTISS trials both found small but significant 
improvements of SGUS scores during rituximab treatment, compared to placebo109,110. The 
ASAPIII also included SGUS as a secondary endpoint, of which the results will become 
available soon. 

Innovative collaboration in European Union funded projects are needed to improve the 
design and results of therapeutic trials in pSS. The aim of the innovative medicines initiative 
(IMI) project ‘NECESSITY’, in which the UMCG is participating, is therefore to identify and 
validate a new sensitive composite clinical endpoint for use in future clinical trials in pSS. 
NECESSITY also aims to identify and validate discriminative biomarkers for stratification of pSS 
patients111. Another international project in which the UMCG is participating is HarmonicSS, an 
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Horizon2020 project which aims to bring together large longitudinal cohorts of pSS patients, 
to harmonize them into a cloud-based integrative pSS cohort. In the future, this cohort can 
be used to facilitate and improve patient selection for clinical trials112.

When deciding to treat patients with a certain drug, physicians should consider the balance 
between efficacy and possible side effects (chapter 10)113. No major safety issues have been 
identified for most drugs which are used off-label in pSS, such as hydroxychloroquine and 
rituximab. However, the quality of most trials in pSS regarding the reporting of harms is very 
poor and sample sizes are small. To investigate the presence of serious adverse effects with a 
lower prevalence, larger RCTs are needed, which follow the CONSORT guidelines for reporting 
of harms. Furthermore, off-label treatment of pSS patients should be registered in prospective 
cohorts.

Concluding remarks
The heterogeneity of pSS makes it an fascinating disease to study, with many translational and 
clinical facets remaining to be explored. At the same time, this heterogeneity is challenging, 
not only in regard to diagnosis and classification, but also when measuring the effect of 
systemic treatment. The growing knowledge about the pathogenesis of pSS allows us to 
identify and evaluate biomarkers which may predict response to treatment and develop a 
personalized medicine approach for the treatment of pSS. Due to the low prevalence and 
heterogeneity of pSS, international and multidisciplinary cooperation is required to develop 
prospective patient registries and larger RCTs, and thereby speed up clinical developments. 
The development of consensus classification criteria, and the initiation of international 
projects to improve patient inclusion and define study endpoints that are able to discriminate 
between active treatment and placebo, show that international cooperation has already 
started. Although many challenges remain, more and more pieces of the puzzle are being 
found and many new studies are underway, with the ultimate goal of improving treatment 
of pSS patients. 
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