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EDITORIAL

Stumbles in Sjögren's syndrome drug development: where to look for the next big leap?
Gwenny M. Verstappen, Frans G.M. Kroese and Hendrika Bootsma

Department of Rheumatology and Clinical Immunology, University of Groningen, University Medical Center Groningen, Groningen, The Netherlands

1. Introduction

Primary Sjögren’s syndrome (pSS) is a systemic autoimmune 
disease characterized by the presence of specific autoantibo-
dies and lymphocytic infiltration of salivary and lacrimal 
glands. In addition to oral and ocular dryness-related symp-
toms, a majority of patients will experience extraglandular 
disease manifestations. Patients with pSS rely on symptomatic 
treatments and there is an unmet need for disease-modifying 
therapies. Unfortunately, the progress on successful drug 
development in pSS has been limited so far, with multiple 
clinical trials that failed to reach their primary endpoint. 
Here, we summarize the obstacles in clinical trials for pSS 
and discuss avenues for successful drug development.

2. Clinical trials in pSS: lessons learned

Stumbles in drug development in pSS largely mirror those in 
systemic lupus erythematodes (SLE) [1]. In both diseases the 
failure of clinical trials can be explained by patient and disease 
heterogeneity, knowledge gaps in understanding of the patho-
physiology, insensitive outcome measures, and a robust placebo 
response [1,2]. Additional factors that may complicate drug 
development in pSS are slow recruitment rates in trials (depend-
ing on inclusion criteria), uncertainty about the required duration 
of treatment, effects of background therapy, and the inability to 
discriminate disease activity from irreversible damage. These 
factors are important to keep in mind when designing a trial 
for pSS. Despite multiple negative studies, promising results from 
phase II trials with iscalimab (anti-CD40), ianalumab (anti-BAFF 
receptor), and hydroxychloroquine combined with leflunomide 
have been presented recently [3–5], unlocking initiation of phase 
III studies that are now ongoing.

3. Revisiting response criteria: development of 
a composite study endpoint

In earlier trials, efficacy of immunotherapy in pSS was generally 
evaluated using patient-reported visual analogue scale (VAS) 
scores for dryness, pain, and fatigue. However, sensitivity to 
change of VAS scores has been questioned and there is evidence 
that, at least for pain, VAS scores under- or overestimate true 
change [6], limiting their use as primary outcome measure. More 
recent trials adopted the physician-reported EULAR Sjögren's 

syndrome disease activity index (ESSDAI) as primary outcome 
measure. This outcome measure focuses on systemic disease 
activity and incorporates extraglandular disease manifestations. 
The ESSDAI was validated by a prospective follow-up study and 
showed high sensitivity to change, in contrast to patient-reported 
outcomes (PROs). Still, the EULAR Sjögren’s syndrome patient 
reported index (ESSPRI) performed better than other PROs [7]. 
Since ESSDAI and ESSPRI are complementary outcomes, both 
indices are considered important for the evaluation of drug effi-
cacy. Responsiveness of ESSDAI (and to a lesser extent of ESSPRI) 
was confirmed in a small randomized controlled trial (RCT) with 
rituximab in pSS [8]. Minimal clinically important improvement 
(MCII) of the ESSDAI was later on defined as ≥3 points [9]. Based on 
the MCII, trials started to recruit only patients with moderate to 
high systemic disease activity (ESSDAI≥5) at baseline. In the past 
couple of years, outcomes of these trials using ESSDAI as primary 
outcome measure have been presented, often with disappointing 
results. Although the reasons for clinical trial failure are multi-
factorial, limitations of the ESSDAI as primary outcome measure 
have come to light, including large placebo response rates [10]. 
These limitations, together with growing awareness on disease 
heterogeneity, have reinforced the need of a composite endpoint, 
which is currently under development by an international con-
sortium (NECESSITY). In parallel, the Composite of Relevant 
Endpoints in SS (CRESS) has been developed using data from 
a large RCT with abatacept [11]. The CRESS includes five domains 
(ESSDAI, ESSPRI, salivary, and tear gland assessment, and serology) 
and requires response in at least three domains. These domains 
cover the key components of disease complaints in pSS, as well as 
serologic markers reflecting B-cell hyperactivity (i.e., serum IgG 
and rheumatoid factor) as key components of the pathogenesis. 
Validation of the CRESS in other clinical trials is being performed. 
A critical revision of response criteria in pSS will hopefully con-
tribute to successful drug development.

4. Drug targets in pSS: are we on the right track?

Over the last two decades, immunotherapy in rheumatic dis-
eases has shifted from broad immunosuppression to selective, 
targeted treatment to improve efficacy and reduce side effects. 
Current therapies mostly target dysregulated immune pathways 
in pSS, such as B-cell activation, co-stimulation, Toll-like receptor 
signaling, and pro-inflammatory cytokine production. The most 
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extensively evaluated treatment for pSS is B-cell depletion ther-
apy with rituximab (anti-CD20). Despite disappointing results of 
two large RCTs [2], the evident B-cell hyperactivity in pSS pro-
vides a strong rationale for B-cell targeted treatment. The first 
results of an RCT with sequential belimumab (anti-BAFF) and 
rituximab are expected soon and trials with other B-cell- 
targeted treatments are ongoing.

While resolving inflammation of the main target organs of 
pSS is an important goal of immunotherapy, restoration of 
the salivary and tear gland epithelium might be necessary as 
well. The epithelial progenitor cell population is reduced and 
shows a senescent phenotype in patients with pSS [12,13], 
highlighting the need for senolytics to induce death of 
senescent cells and cell-based treatment (e.g., stem cell 
transfer). Moreover, intrinsic defects in epithelial cells may 
not be restored by treatment directed specifically at immune 
cells, such as rituximab. Thus, while several promising immu-
notherapies to ameliorate systemic disease activity are under 
evaluation, restoring salivary and tear gland function 
remains a challenge. Additionally, clinical and molecular 
disease heterogeneity that is evident in pSS argues against 
a scenario where all patients will benefit from the same 
targeted treatment, advocating for precision medicine. 
A novel tool for precision medicine and drug (target) valida-
tion in pSS is the application of co-cultures of patients’ 
salivary gland epithelial cells (SGECs) and immune cells. By 
using SGEC-B cell cultures, it was recently demonstrated that 
some drugs are more effective in modulating B-cell survival 
than others [14].

5. Clinical phenotyping – precision medicine using 
patient characteristics

The potential of patient stratification to predict treatment 
response has been exemplified in the TRACTISS trial. 
Symptom-based clinical phenotyping revealed (post-hoc) 
that patients with a ‘dryness dominant with fatigue’ pheno-
type had improved stimulated salivary flow after rituximab, 
while other phenotypes did not [15]. This might be explained 
by evidence of higher systemic B-cell activity in this group 
[15]. In line with this notion, a higher baseline number of 
CD20+ cells/mm2 in parotid gland tissue was associated with 
ESSDAI response at 12 weeks after rituximab [16], but appar-
ently discrepant results were obtained in the TEARS study. The 
difference in results can be partly ascribed to the use of 
different methodologies for histologic evaluation [16,17], 
underlining the importance of standardization of components 
such as histopathology in clinical trials. Additional post-hoc 
studies from TEARS and TRACTISS showed improvement of 
the total salivary gland ultrasound (SGUS) score after rituximab 
[18,19]. Interestingly, lower baseline SGUS scores were asso-
ciated with improvement of dryness-related outcomes [19], 
suggesting that irreversible damage may have occurred in 
patients with high SGUS scores. Although further research 
into the correlation between SGUS and salivary gland histol-
ogy is needed, the results from TEARS and TRACTISS argue in 
favor of incorporating SGUS in a composite study endpoint, as 
proposed in the CRESS. While biopsies can be difficult to 

obtain in a clinical trial setting, ultrasonography is a widely 
applicable imaging biomarker at baseline and during follow- 
up, in particular when combined with symptom-based and 
serologic biomarkers. This concept of ‘deep clinical phenotyp-
ing’, as recently discussed by Noaiseh and Baer [20], is 
a promising avenue for patient-centered treatment in pSS.

6. Immune and molecular phenotyping – precision 
medicine using disease biomarkers and endotypes

In addition to clinical phenotyping, immune, and molecular 
(e.g., genetic, epigenetic, transcriptional) phenotyping of 
patients with pSS is making significant progress. For example, 
a blood signature of decreased numbers of CD4+ T cells, 
memory B cells and plasmacytoid dendritic cells, and 
increased numbers of activated CD4+ and CD8+ T cells and 
plasmablasts could stratify patients according to ESSDAI score 
[21]. The finding that multiplexed measurement of serum 
cytokines could predict treatment response to a combination 
of hydroxychloroquine and leflunomide in patients with pSS is 
also of interest [5]. A more broad and unbiased strategy to 
identify disease endotypes is gene expression analysis. So far, 
transcriptional signatures have been identified by gene 
expression analysis of PBMCs. The ‘interferon (IFN) signature’, 
referring to upregulation of IFN-stimulated genes, is the most 
dominant signature in pSS and is present in approximately 
60% of patients [22]. There is, however, an inconsistent rela-
tionship between clinical manifestations and transcriptional 
signatures in blood, including the IFN signature [23]. Other 
promising approaches for molecular phenotyping include tis-
sue-based (single-cell) transcriptomics as well as genetic and 
transcriptional risk scores, although these approaches still 
need to be evaluated in pSS.

7. Conclusion

With an extending list of failed clinical trials, treatment 
response in pSS is apparently difficult to capture. Before 
concluding that drugs used in these trials were inefficacious 
and/or that wrong drug targets have been chosen, we need 
to revisit primary outcomes and consider a composite end-
point using a broader set of complimentary measures. That 
said, detailed analysis of failed clinical trials may provide 
novel insights into critical immune pathways involved in 
the pathogenesis of pSS. Also, investment in preclinical mod-
els (e.g., cell-based screening assays, organoid culture sys-
tems) to validate drug targets is needed, focusing on 
restoration of dysregulated immune and epithelial cells. 
Lastly, because of the large heterogeneity in clinical manifes-
tations, a precision medicine approach using clinical, immu-
nological, and (epi)genetic patient characteristics is probably 
needed. At this moment, in-depth molecular and clinical 
phenotyping of pSS patients is ongoing in international and 
interdisciplinary research projects like PRECISESADS, 
HARMONICSS, OMERACT, and NECESSITY. These initiatives 
will hopefully accelerate patient stratification for clinical trials 
and subsequently lead to successful drug development for 
the treatment of pSS.
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