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Abstract

Background:

Sjogren's disease is a heterogenous autoimmune disease with a wide range of symptoms-
including dryness, fatigue, and pain-in addition to systemic manifestations and an increased
risk of lymphoma. We aimed to identify distinct subgroups of the disease, using cluster
analysis based on subjective symptoms and clinical and biological manifestations, and to
compare the prognoses of patients in these subgroups.

Methods:

This study included patients with Sjogren's disease from two independent cohorts in France:
the cross-sectional Paris-Saclay cohort and the prospective Assessment of Systemic Signs and
Evolution of Sjogren's Syndrome (ASSESS) cohort. We first used an unsupervised multiple
correspondence analysis to identify clusters within the Paris-Saclay cohort using 26 variables
comprising patient-reported symptoms and clinical and biological manifestations. Next, we
validated these clusters using patients from the ASSESS cohort. Changes in disease activity
(measured by the European Alliance of Associations for Rheumatology [EULAR] Sjogren's
Syndrome Disease Activity Index [ESSDAI]), patient-acceptable symptom state (measured by
the EULAR Sjogren's Syndrome Patient Reported Index [ESSPRI]), and lymphoma incidence
during follow-up were compared between clusters. Finally, we compared our clusters with the
symptom-based subgroups previously described by Tarn and colleagues.

Findings:

534 patients from the Paris-Saclay cohort (502 [94%] women, 32 [6%] men, median age 54
years [IQR 43-64]), recruited between 1999 and 2022, and 395 patients from the ASSESS
cohort (370 [94%] women, 25 [6%] men, median age 53 years [43-63]), recruited between
2006 and 2009, were included in this study. In both cohorts, hierarchical cluster analysis
revealed three distinct subgroups of patients: those with B-cell active disease and low
symptom burden (BALS), those with high systemic disease activity (HSA), and those with
low systemic disease activity and high symptom burden (LSAHS). During follow-up in the
ASSESS cohort, disease activity and symptom states worsened for patients in the BALS
cluster (67 [36%] of 186 patients with ESSPRI score <5 at month 60 vs 92 [49%] of 186 at
inclusion; p<0-0001). Lymphomas occurred in patients in the BALS cluster (five [3%] of 186
patients; diagnosed a median of 70 months [IQR 42-104] after inclusion) and the HSA cluster
(six [4%] of 158 patients; diagnosed 23 months [13-83] after inclusion). All patients from the
Paris-Saclay cohort with a history of lymphoma were in the BALS and HSA clusters. This
unsupervised clustering classification based on symptoms and clinical and biological
manifestations did not correlate with a previous classification based on symptoms only.

Interpretation:

On the basis of symptoms and clinical and biological manifestations, we identified three
distinct subgroups of patients with Sjogren's disease with different prognoses. Our results
suggest that these subgroups represent different heterogeneous pathophysiological disease
mechanisms, stages of disease, or both. These findings could be of interest when stratifying
patients in future therapeutic trials.
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Introduction

Sjogren’s disease is a common systemic autoimmune exocrinopathy with a female-to-male
predominance of 9:1 and a peak incidence at approximately 50 years of age.1,2 Symptoms
including oral or ocular dryness, fatigue, and joint pain are present in almost all patients and
have a major effect on quality of life. In addition, systemic manifestations occur in
approximately 30-60% of patients.1 Such manifestations can be related to the lymphocytic
infiltration of the epithelia of organs, leading to interstitial nephritis, autoimmune primary
biliary cholangitis, or obstructive bronchiolitis, and to vasculitis or immune complex
deposition owing to ongoing B-cell hyper-reactivity, leading to purpura, cryoglobulinemia-
associated glomerulonephritis, interstitial pneumonitis, or peripheral neuropathy. A major
complication of Sjégren’s disease is B-cell lymphoma, of which the risk is approximately 14—
15 times higher than in the general population. Patients with Sjogren’s disease are therefore
heterogeneous in terms of clinical symptoms, systemic manifestations, and risks.

Hierarchical cluster analysis is an unsupervised statistical method of data partitioning
whereby individuals are categorised into homogeneous groups on the basis of similarity.3-6
Previous attempts to use this technique to identify distinct clusters of patients with Sjogren’s
disease have yielded useful results; however, those classifications were based only on patient-
reported symptoms and did not consider all aspects of the disease.7,8 Previous studies have
shown weak correlations between subjective symptoms and objective dryness measures or
systemic complications, highlighting the need to consider all aspects of Sjogren’s disease in
such analyses.9,10

This study aimed to identify distinct subgroups of Sjogren’s disease using cluster analysis on
two independent patient cohorts—including not only symptoms but also demographic
characteristics, clinical parameters, and biological data—and to prospectively compare
disease evolution and the incidence of lymphoma in the different clusters.

Methods
Study design and participants

This study included patients with Sjogren’s disease from two independent cohorts in France:
the Paris-Saclay cohort and the Assessment of Systemic Signs and Evolution of Sjogren’s
Syndrome (ASSESS) cohort. The Paris-Saclay cohort is a prospectively collected cohort that
includes all patients who participated in a multidisciplinary diagnostic session, in a French
National Referral Center for Rare Systemic Autoimmune Diseases, for those suspected of
having Sjogren’s disease. All patients were recruited between 1999 and 2022 and gave oral
informed consent for the collection of their data. Data collection was approved by the Bicétre
Hospital ethics committee.

The ASSESS cohort was created in 2006 as part of a prospective, multicentre, national cohort
study. Its primary objective is to identify factors predicting systemic complications and
lymphoma in Sjogren’s disease during a prospective 20-year follow-up.11-13 Patients who
met the 2002 American-European Consensus Group (AECG) criteria for Sjogren’s diseasel14
were recruited from 15 French centres for tertiary autoimmune diseases between 2006 and
2009.15 The study, promoted first by the Assistance Publique — Hopitaux de Paris and then



by the Société Francgaise de Rheumatology for the 20-year follow-up, was approved by the
Ethics Committee of Bichat Hospital and the National Commission for Computing and
Liberties in 2006. All patients gave their written informed consent for participation in the
study.

For the current study, we included only patients fulfilling the 2002 AECG criteria for
Sjogren’s disease.14 For patients enrolled in the Paris-Saclay cohort before 2002, the 2002
AECG criteria were retrospectively verified. Patients enrolled in both cohorts were analysed
only in the ASSESS cohort and were therefore excluded from the Paris-Saclay cohort. Also
excluded from the Paris-Saclay cohort were patients who had another defined autoimmune
disease associated with Sjogren’s disease or those for whom scores on the European Alliance
of Associations for Rheumatology (EULAR) Sjogren’s Syndrome

Disease Activity Index (ESSDAI)16 or the EULAR Sjogren’s Syndrome Patient Reported
Index (ESSPRI)17 were missing at inclusion.

Procedures

In both cohorts, the following data were collected at enrolment: age at diagnosis, sex (male or
female), race (Black, White, or Asian; data available only for the Paris- Saclay cohort18), and
smoking status (ever or never smokers). Subjective symptoms were collected on visual
analogue scales (VAS, scored 0-100, for the Paris-Saclay cohort) or visual numeric scales
(VNS, scored 0-10, for the ASSESS cohort) for pain, fatigue, and dryness, thus enabling the
calculation of the ESSPRI.

Clinical systemic manifestations (yes or no) were defined by an activity level for each
domain of the ESSDAI, which was assessed on entry to the cohort (ie, not cumulative). These
manifestations were constitutional, lymphadenopathy, glandular, articular, pulmonary,
cutaneous, renal, muscular, haematological, peripheral nervous system, and central nervous
system involvement. In the ASSESS cohort, the activity level (none, mild, moderate, or
severe) of each ESSDAI domain was collected on inclusion into the cohort, whereas in the
Paris-Saclay cohort, such levels were retrospectively evaluated through chart reviews
conducted by expert rheumatologists.

Biological data on autoantibodies (anti-Sjogren’s syndrome A [anti-SSA], anti-Sjogren’s
syndrome B [anti- SSB], anti-ribonucleoprotein [anti-RNP], anti-centromere, and anti-DNA
antibodies), cryoglobulinaemia, rheumatoid factor, y globulins or 1gG concentration, and
presence of a monoclonal gammopathy were collected. All data were measured when patients
were enrolled into the cohort.

Patients in the prospective ASSESS cohort attended an annual standardised clinical visit for
the first 5 years after enrolment, during which a detailed case report form was completed to
enable the yearly assessment of ESSDAI and ESSPRI. After the initial 5 years, the case report
form was simplified so that only a proportion of the variables were recorded; however, to
date, only cases of incident lymphoma have been analysed. Information regarding ongoing
and previous treatments were also collected for patients in this cohort.



Disease activity states were defined according to previously described ESSDAI
thresholds:19 low activity (ESSDAI score <5), moderate activity (ESSDAI score 5-13), and
high activity (ESSDAI score >14). We also defined a state of no systemic activity (ESSDAI
score=0).

The patient-acceptable symptom state was defined as an ESSPRI score of less than 5, as
previously described.19

Statistical analysis

To identify clusters of patients with Sjogren’s disease, we first used an unsupervised multiple
correspondence analysis in the Paris-Saclay cohort, selecting 26 variables to broadly cover the
manifestations of Sjogren’s disease: age at diagnosis (years); sex (male or female); race
(Black, White, or Asian); VNS (0-10) or VAS (0-100) for pain, fatigue, and dryness;
systemic manifestations as defined by ESSDAI domains (yes or no); rheumatoid factor
(present or absent); autoantibodies (anti-SSA, anti-SSB, anti-RNP, anti-centromere, or anti-
DNA,; present or absent); high y globulin or I1gG concentrations (>15 g/L); monoclonal
gammopathy (present or absent); cryoglobulinaemia (present or absent); and low C4
concentrations (<0-15 umol/L). Because multiple correspondence analysis was conducted
only on categorical variables, we divided age (0 to 30, >30 to 45, >45 to 60, and >60 years) as
well as VNS (0 to 2, >2 to 4, >4 to 6, >6 to 8, and >8 to 10) and VAS (0 to 20, >20 to 40, >40
to 60, >60 to 80, and >80 to 100) for pain, fatigue, and dryness into several groups. When
VAS for overall dryness was missing, it was calculated as follows: (2 x oral dryness + ocular
dryness) / 3, as previously described in the EULAR Sicca score derivation, in which only oral
and ocular dryness were correlated with overall dryness in multivariate analysis.17

We then considered the coordinates of the observations of the factorial axes obtained by
multiple correspondence analysis as new variables for the cluster analysis. The first k-axes,
explaining at least 90% of the total variability, were used to conduct hierarchical clustering
based on the Ward method, followed by consolidation (k-means algorithms) to build
homogeneous clusters of patients with Sjogren’s disease. The number of clusters was
identified visually on the plotted dendrogram and by the gain in inertia, and the clusters were
described and named according to their most prominent characteristics.

Next, to validate our obtained clusters, we applied the same method in the ASSESS cohort as
a replication cohort. More detailed information on the methods is available in the appendix

(pp 2-3).

For descriptive analyses, categorical variables were presented as counts and percentages and
continuous variables as medians (IQR). We compared subgroups using the Kruskal-Wallis
rank sum test for continuous variables; for categorical variables, we used Pearson’s y? test if
the expected cell counts were greater than 5 and Fisher’s exact tests otherwise.

To describe the evolution of disease activity and patient-reported symptoms in the obtained
clusters, we calculated the proportion of patients with each disease activity state and patient-
acceptable symptom state at each annual follow-up visit during the first 5 years of follow-up
in the ASSESS cohort. If ESSPRI or ESSDAI scores were missing during an annual follow-
up visit, we imputed values using the scores from the previous visit. Changes in disease
activity states and patient-acceptable symptom states were illustrated with alluvial diagrams.



To assess changes across the follow-up visits, we used ANOVAs for repeated measures
within each cluster.

In addition, we assessed the associations between the different clusters and the risk of incident
lymphoma (ie, occurring after inclusion in the cohort). This risk was assessed and compared
for each cluster using survival analysis and Cox proportional hazards regression models to
calculate hazard ratios (HR) and their 95% Cls. Patients contributed patient-years from the
date of enrolment in the ASSESS cohort until the date of diagnosis of lymphoma, death, end
of follow-up, or loss to follow-up, whichever occurred first.

Finally, we compared our clusters with the symptom-based subgroups previously described
by Tarn and colleagues.7 Their stratification, based on five patient-reported outcomes
(dryness, fatigue, pain, anxiety, and depression), was derived from a cluster analysis of data
from the UK Primary Sjogren’s Syndrome Registry (UKPSSR) and gave rise to four
subgroups: low symptom burden, high symptom burden, dryness dominant with fatigue, and
pain dominant with fatigue. The study led to the construction of a simple algorithm, the
Newcastle Sjogren’s Stratification Tool (NSST), which was applied on the ASSESS cohort.
To compare the two tools, we described the proportions of patients in each of the symptom-
based subgroups, according to the NSST, within each of our obtained clusters.

Two-tailed p values of 0-05 or less were considered statistically significant. All analyses
were conducted with R version 4.3.1.

Role of the funding source

The funders of the study had no role in study design, data collection, data analysis, data
interpretation, or writing of the report.

Results

For the Paris-Saclay cohort, of the 1793 patients referred to the French National Referral
Center for Rare Systemic Autoimmune Diseases, 748 (42%) met the 2002 AECG criteria.
Among them, 534 (71%) met our inclusion criteria (ie, they had ESSDAI and ESSPRI scores
available at inclusion and no other defined associated autoimmune disease) and were enrolled
into the study. 502 (94%) were women, 32 (6%) were men, and the median age was 54 years
(IQR 43-64; table 1). For the ASSESS cohort, all 395 patients recruited to the cohort were
included in this analysis. 370 (94%) were women, 25 (6%) were men, with a median age of
53 years (44-60). ESSPRI scores were available for 361 (91%) and ESSDAI scores were
available for all 395 (100%) patients in the ASSESS cohort. The median follow-up time for
patients in this cohort was 147 months (IQR 93-167).

Multiple correspondence analysis followed by hierarchical clustering analysis in the Paris-
Saclay cohort yielded three subgroups of patients (table 1), within which homogeneity was
apparent both visually on the dendrogram (figure 1A) and in terms of the gain in inertia
(appendix p 8). Patients in cluster one (n=205) were diagnosed slightly younger on average
(median age 48 years [IQR 35-61]) than those in the other clusters, and had low symptom
burden (median ESSPRI score 5 [IQR 3-7]) and low systemic disease activity (median
ESSDAI score 2 [1-4]), but a high proportion had B-cell activation hallmarks: an active



biological ESSDAI domain (124 [60%] of 205 patients), high 1gG concentrations (108
[53%]), presence of rheumatoid factor (113 [55%]), low C4 concentrations (53 [26%]), and a
higher frequency of presence of anti-SSA (171 [83%]) and anti-SSB (95 [47%] of 202
patients) antibodies. This cluster was named B-cell active disease with low symptom burden
(BALYS).

Paris-Saclay cohort ASSESS cohort
Total cohort BALS HSA LSAHS pvalue Totalcohort BALS HSA LSAHS pvalue
(~534) {n=205) (n=160) (n~169) (>3  (n-186)  (n-158)  (ne5Y)
Age at dizgnasis, years* 54(43-64)  48(35-61) 53{43-63) 57(50-65)  «0-0001F  53(44-60) S1(3859) S4(46-61) 53(48-58) 003t
Sex* <0-0001% 0033
Female 502(34%) 205(100%)  128{80%) 169 (100%) 370(94%) 169(91%)  150(%5%) 51(100%)
Male 32(6%) 0 32 (20%) 0 25 (6%) 7 (%) 8(5%) 0
Race* <0-0001% -
Black B(6%) 0 B21%) 0 = = = 2
Asan 34(6%) 30(15%) 43%) 1] - - - -
White 457 (87%) T75(85%) 123 (77%) 1649 (100%) S = = &
Ever smoker 104 (19%) 36(18%) 2 20%) 36(21%) 0603 105 (27%) 57 (28%) 41(26%) 12 (24%) 0904
Patient-reported cutcomes
Pain (VASorVNS)*§ 51020-77) 37(10-60) 52 (20-78) 67(48-80)  «0-0001% 5@7) 4(2-6) 6(3-8) 6(4-7) <00001+
Fatigue (VAS ceVNS)*§ 62 (40-80) 49(20-70) 61388 76(60-87)  <0-0001% 6(4-8) 5(3-8) 7(5-8) 7(6-8) <000011
Overall dryness (VAS or VNS)*'S 61 (40-77) S13+72) 66 (46-80) 65 (47-80)  <0-0001% 6(47) S(37) 6(5-8) 6(5-7) <00001F
ESSPRI score§ 6(47) 53-6) 6(47) 7(5-8) <0-0001% E(47) 5(3-6) 6(57) 6(5-7) <00001+
Systemic manifestations according to ESSDAI dornains
Corstitutional® 6(1%) 0 6(4%) 0 0-00079  16(4%) 0 16(10%) i <00001#
Lymphadencpathy* 29 (5%) 2(1%) 27 (17%) 0 <0-0001F  12(3%) 0 12 (8%) 0 <00001#
History of iymphoma 24 (4%) 3(1%) 19(12%) 2(1%) <0-0001F  18(5%) 2(1%) 16(10%) 0 <0000
before indusion
Glandular® 152 (28%) 78 (38%) 4 (29%) 7(16%) <0000 47 (12%) 24(13%) 18(11%) 5(10%) 0809
Articular® 76 (33%) 58(28%) S8 (36%) 60(36%) 0-204 73 (18%) 33(18%) 32(20%) 8(16%) 0708
Cutaneous* 143%) 0 14(9%) 0 <000019 16 (4%) 1(1%) 15 (0%) 0 <0000
Pulmorasy* 21(4%) 0 21(13%) 0 <0-0001% 57 (14%) 5(3%) 52(33%) 0 <000019
Renal* 3(1%) 0 32%) 0 0-0279 1 (3%) 0 1(7%) 0 00001
Muscufar 2{<1%) 0 1(1%) 1(1%) 0529 13(3%) 4(2%) 6(4%) 3(6%) 0308
Peripheral nervous system* 20(4%) 0 20(13%) 0 <0-0001F  38(10%) 4(2%) 34 (21%) 0 «00001%
Central nesvous system 1{<1%) 0 1(1%) 0 0-309 8(2%) 4(2%) 4(3%) 0 080%
Haematological® 78(15%) 29(14%) 34 (21%) 15 (9%) 0-0063F  62(16%)  32(17%) 20(18%) 1(2%) 0029
Biclogical® 266 (S0%) 124 (60n) 95 (59%) 47(28%) <0-0001F 146(3%) 71(38%) 72 (46%) 3(6%) «00001§
ESSDAI scoee 2(+-5) 2(1-4) 6(3-10) 2(03) «0:00014  3(2-8) 2(1-4) 8(3-13) 0(0-2) <0001+
Paraclinical parameter
Lymphocyte count (G/IL)S 2(+-2) 2(1-2) 2(1-2) 2(1-2) 0-0231 1(1-2) 1(1-2) 1(1-2) 2(1-2) 0051%
lgGoncentration>15g/L* 203 (38%) 108 (53%) 64 (40%) 31(18%) <0-0001F 147 (37%) 91(43%) 55 (35%) 12%) <0000ty
Monoconal gammopathy* 44(8%) 20(10%) 22 (14%) 2(1%) 0-0001F  44(11%) 8(4%) 35(22%) 1(2%) <00001§
Rheurnatoid factor* 234 (44%) 113 (55%) 71{44%) 50 (30%) <0-0001F 122 (31%) 60(32%) 50 (32%) 12 (24%) 0479
Anti-SSA antibody* 368 (69%) 171(83%) 101 (63%) 96 (57%) <0-0001F 232 (59%) 126 (68%) 85 (54%) 21(41%) 00008Y
Anti-S58 antibody* 182530 (34%) 95202 (&%) 42160 (26%) 457168 (Z7%) <0-0001F 132(33%) 76 (41%) 48 (30%) B(16%) 00019%
Anti-RNP antibody* 153%) 0 15 (9%) 0 <0-00019 5{1%) 0 5(3%) 0 00284
Anti-centromere antibody* 20 (4%) 0 20(13%) 0 <0-0001% 9(2%) 0 0(6%) 0 00007%
Anti-DNA antibody* 29(5%) 23(11%) 53%) 1(1%) <0-0001F  38(10%) 25(13%) 13(8%) 0 00020:
Cryoglobulinaemia® 1002%) 0 10 (6%) 0 <0-0001 57 (14%) 24(13%) 27 (17%) 6(12%) 0469
Low (4 concentration® 92 (17%) 53(26%) 28 (18%) 1[7%) <0-0001F  72(18%) 38(20%) 34(22%) 0 00014%
Data are median (102}, n (%), or n/N (%), Pescentages might not total h d owing to roundi ,mulnmmm:mmmsssmmmspgmsﬂmm
Actiity Index. ESSPRI- EULA R Sjogren's Syndrome Patient Reported Inde. EUIAD-EuwpsnAl: fAssociations for ¥ qy. HS A high systemic duease activity, LSAHS-low systemic disease activity
and 2 high symptom busden. RNP-riboruch in. SSA=Sj d A wamnvw:w:mvwmm “Wariables induded in the multiple
oonspovduum and the hieracchical dwnmrgVLS mmyla for the Pans-Saday cohort and VNS scores for the ASSESS cohort. +Knuskal Wallis mnk sum test. $Feher's exact test. SDataon
ilable for 529 (99%) of 534 patients in the Pare-Saday cohort and 383 (97%) of 395 patients in the ASSESS cohort. Of the patients in the ASSESS cohort, pain VNS was avaiable for
366 (935), ﬁbgueVNSferSSG {93%), overall dryness VNS for 357 (90%) and ESSPRI score for 361 (91%). fPeamon's” test.
Table 1: Main characteristics of patients with Sjogren’s disease in cach of the derived dusters




Cluster two (n=160) had a higher proportion of men (32 [20%]) than other clusters, with
high symptom burdens of dryness and fatigue but lower levels of pain (median VAS for pain
52 [IQR 20-78]). Patients in this cluster had high systemic disease activity (median ESSDAI
score 6 [3-10]), as evidenced by lymphadenopathy (27 [17%]); cutaneous (14 [9%]),
pulmonary (21 [13%]), or peripheral nervous system (20 [13%]) involvement; the frequent
presence of autoantibodies other than anti-SSA or anti-SSB (15 [9%] with anti-RNP and 20
[13%] with anti-centromere antibodies); and cryoglobulinemia (ten [6%]). This cluster was
named high systemic disease activity (HSA).

A PartsSaclay cohort (n=534) B ASSESS cohort (n=395)

00—

Haight

HSA
n~160) (n=169) (n=205)

Figure 1: Dendrogram of identified dusters

Custers identified in the Paris-Sackry cohort {A) and the ASSESS cohort (B). Horizontal branches represent the combination of two clusters, and vertical branches the
degree of dissimilarity between combined clusters. The areas enclosed within the dotted fines represent the three groups after truncation. ASSESS-Assessment of
Systernic Signs and Evolution of Sjogren’s Sy ndrome. BALS=B-cell active disease and low symptom burden. HSA «high systemic disease activity. LSAHS~low systemic
disease activity and high syrmptom burden

Cluster three (n=169) included patients with a high reported burden of subjective symptoms
(median ESSPRI score 7 [IQR 6-8]) but low systemic disease activity (median ESSDAI score
2 [0-3]). Most disease activity involved the articular (60 [36%]), glandular (27 [16%]), and
biological (47 [28%]) ESSDAI domains. This cluster was named low systemic disease
activity with high symptom burden (LSAHS). Notably, all 33 (100%) Black patients within
the Paris-Saclay cohort were in the HSA cluster. 30 (88%) of 34 Asian patients were in the
BALS cluster and four (12%) were in the HSA cluster.

24 (4%) of the 534 patients in the Paris-Saclay cohort had a history of lymphoma; of these, 19
(79%) were in the HSA cluster, three (13%) were in the BALS cluster, and two (8%) were in
the LSAHS cluster.

We next analysed the ASSESS cohort, using the same variables as for the Paris-Saclay cohort
with the exception of race. Similarly to the Paris-Saclay cohort, this analysis also resulted in
three distinct subgroups of patients (table 1), within which homogeneity was apparent both
visually on the dendrogram (figure 1B) and in terms of the gain in inertia (appendix p 8).

The three clusters obtained were similar to those of the Paris-Saclay cohort in terms of
characteristics, and were also termed BALS, HSA, and LSAHS. The LSAHS cluster of the
ASSESS cohort contained a smaller proportion of patients (51 [13%] of 395) than the
analogous cluster in the Paris-Saclay cohort (169 [32%] of 534). Men in the ASSESS cohort
were grouped into the BALS (17 [9%] of 186) and HSA (eight [5%] of 158) clusters. The



difference in ESSDAI scores across clusters was greatest in the ASSESS cohort (median
ESSDAI scores BALS 2 [IQR 1-4], HSA 8 [3-13], and LSAHS 0 [0-2] in the ASSESS
cohort; BALS 2 [1-4], HSA 6 [3-10], and LSAHS 2 [0-3] in the Paris-Saclay cohort).
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Figure 2: Evolution of disease activity and patient-acceptable sy mptom state over § years in each cluster of the ASSESS cohort
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dizease and low symptom burden. ESSDA = EULAR Sjogren’s Syndrome Disease Activity indec. ESSPRI-EULAR Sjogren’s Syndrome Patient Reported Index.

EULAR=~ European Alliance of Associations for Rheumatology. HSA= high systemic disease activity. LSAHS «low systemic disease activity and high symptom burden.

222 (56%) of 395 patients in the ASSESS cohort received hydroxychloroquine, with a
similar proportion receiving the drug in each cluster. However, only a few patients (six [12%)]
of 51) from the LSAHS cluster received immunosuppressive drugs, whereas patients in the
HSA cluster were more frequently treated with glucocorticoids (56 [35%] of 158 patients) and
more frequently had a history of treatment with rituximab (12 [8%]) than those in other
clusters (appendix p 4).

Follow-up ESSDAI scores were available for 361 (91%) of 395 patients in the ASSESS
cohort at the month 12 visit, 323 (82%) at month 24, 313 (79%) at month 36, 299 (76%) at
month 48, and 291 (74%) at month 60. Changes in disease activity levels in each cluster over
the 5-year follow-up period are shown in figure 2A. No substantial change was observed in
the LSAHS cluster (p=0-17, comparing inclusion and month 60), whereas systemic disease
activity levels improved in the HSA cluster (p<0-0001) and worsened in the BALS cluster
(p=0-041). Details of the systemic manifestations between inclusion and 5 years in the BALS
cluster are shown in the appendix (p 5). At the 5-year follow-up visit, 46 (25%) of 186



patients in the BALS cluster, 81 (51%) of 158 in the HSA cluster, and eight (16%) of 51 in
the LSAHS cluster had moderate to high systemic disease activity levels (p<0-0001).
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Figure 3: Kaplan-Meier plot estimating the risk of incident lymphoma in each cluster of the ASSESS cohort
p-value was calculated by log-rank test. ASSESS=Assessment of Systemic Signs and Evolution of Sjgren’s Syndrome.
BALS=B-cell active disease and low symptom burden. HSA=high systemic disease activity. LSAHS=low systemic
disease activity and high symptom burden. Shading represents the 95% Cls.

Follow-up ESSPRI scores were available for 326 (83%) of 395 patients in the ASSESS
cohort at month 12, 308 (78%) at month 24, 295 (75%) at month 36, 283 (72%) at month 48,
and 261 (66%) at month 60. The proportion of patients with patient-acceptable symptom
states (ESPPRI score <5) in each subgroup over the follow-up period is shown in figure 2B.
In the BALS cluster, the proportion of patients with an ESSPRI of less than 5 was
significantly lower at month 60 (67 [36%] of 186 patients) than at inclusion (92 [49%] of 186;
p<0-0001). Conversely, no substantial changes were observed in the HSA cluster (35 [22%)]
of 158 patients at month 60 vs 38 [24%] of 158 at inclusion; p=0-86) or the LSAHS cluster
(five [10%] of 51 patients at month 60 vs seven [14%)] of 51 at inclusion; p=0-58).

In the 180 months after inclusion in the ASSESS cohort, 11 (3%) of 395 patients were
diagnosed with lymphoma, after a median of 42 months (IQR 14-103); 46 (12%) patients
died before a diagnosis of lymphoma, and 338 (86%) were censored at their last-follow-up
visit. Cases of lymphoma occurred in both the BALS cluster (five [3%] of 186 patients;
diagnosed after a median of 70 months [IQR 42-104]) and the HSA cluster (six [4%] of 158
patients; diagnosed after 23 [13-83] months; log-rank p=0-016; figure 3). No cases of
lymphoma occurred in the LSAHS cluster.

We compared our clusters with the symptom-based subgroups described by Tarn and
colleagues,7 assessed by the NSST, on which data were available for 316 (80%) of the 395
patients from the ASSESS cohort (figure 4). Patients in the low symptom burden subgroup
(N=63) were split between our BALS (47 [75%)] of the 63) and HSA (16 [25%]) clusters, with



none in the LSAHS cluster. Patients in the high symptom burden, pain dominant with fatigue,
and dryness dominant with fatigue subgroups were present in all three of our clusters.

Discussion

We used an unsupervised clustering method, based on symptoms and clinical and biological
manifestations, to distinguish three homogeneous subgroups of Sjégren’s disease—BALS,
HSA, and LSAHS—in two independent cohorts of patients. These clusters had different
prognoses in terms of the risk of systemic and symptomatic evolution and of incident
lymphoma. Notably, lymphoma occurred later in the BALS cluster than in the HSA cluster.
We found a poor correlation between this new classification and a previous symptom-based
classification.7

Our results have similarities to the subgroups described in previous studies. Beydon and
colleagues18 reported that patients of African ancestry had higher disease activity with more
systemic complications, as measured by the cumulative ESSDAI score (7-5 vs 4-0, p=0-002),
than White patients. Such patients are highly represented in our HSA cluster. Two studies
found that patients with anti-centromere20 or anti-RNP21 antibodies had higher systemic
disease activity than those without—consistent with the grouping of patients with these
antibodies exclusively in our HSA cluster. However, these studies did not use unsupervised
clustering methods, instead using supervised analyses that focused on the comparison of
manifestations according to a single characteristic or factor.

Over the past 5 years, attempts have been made to stratify patients with Sjogren’s disease
using unsupervised clustering; however, the stratification methods used were based only on
subjective symptoms (appendix pp 6-7).7,8,22—24 In an international, cross-sectional study,
Gairy and colleagues22 used latent class analysis to identify five distinct clusters: two were
characterised by a low burden, with or without articular involvement; one by a moderate
burden consisting of fatigue, pain, and joint discomfort; and two clusters showed multi-organ
involvement, with differing levels of burden (one moderate and one high). A symptom-based
cluster analysis using five common symptoms (pain, fatigue, dryness, anxiety, and
depression), conducted on data from the UKPSSR,7 identified four subgroups and was
confirmed in two independent validation cohorts: one from Norway and the ASSESS cohort
in France.7 Notably, reanalysis of data from the JOQUER trial after stratification of patients
into these four subgroups suggested a treatment effect with hydroxychloroquine in the high
symptom burden subgroup and with rituximab in the dryness dominant with fatigue subgroup,
compared with placebo.7,25 In addition, clear differences in transcriptomic and serum
proteomic profiles,7 as well as differences in health-related quality-of-life outcome measures,
were observed between the four subgroups.26 However, these stratifications were also based
only on symptoms and did not include all aspects of Sjogren’s disease. We found that the
correlation between the subgroups from the UKPSSR and our obtained clusters was poor, as
patients from the high symptom burden, dryness dominant with fatigue, and pain dominant
with fatigue subgroups were present in each of our three clusters. This finding is consistent
with the poor correlation between patient-reported outcomes and systemic disease activity.9
These two stratification approaches could be complementary, and both should be considered
in clinical trials and daily practice depending on which question is to be addressed. Symptom-
based classifications might be a useful tool to identify which patients are more likely to
consult health services or have an impaired quality of life, whereas the stratification we



present here could identify patients with high systemic disease activity (HSA cluster) and
those with the highest risks of incident lymphoma (BALS and HSA clusters).
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Figure 4: Proportion of patients in each symptom-based subgroup, assessed
by the NSST, in each cluster in the ASSESS cohort

Datawere available for 316 (80%) of the 395 patients in the ASSESS cohort.
Symptom-based subgroups were described by Tarn and colleagues.” BALS=B-cell
active disease and low symptom burden. DDF=dryness dominant with fatigue.
HSA=high systemic disease activity. HSB=high symptom burden. LSAHS=low
systemic disease activity and high symptom burden. LSB=low symptom burden.
NSST=Newcastle Sjogren’s Stratification Tool. PDF=pain dominant with fatigue.

To our knowledge, our study is the first to identify clusters based on patient-reported
outcomes, objective measures, and biological parameters. Our findings also highlight the fact
that, even in patients who present with predominantly systemic manifestations, the symptom
burden is high and should not be neglected. Overall, these results reinforce the need to
adequately evaluate patient-reported outcomes in all subgroups of Sjogren’s disease,
regardless of systemic activity, as proposed in the Sjogren’s Tool for Assessing Response
(STAR) 27 or the Composite of Relevant Endpoints for Sjogren’s Syndrome (CRESS).28

In addition to describing different subgroups of patients with Sjogren’s disease, we also
assessed their long-term outcomes in terms of systemic activity, symptom evolution, and risk
of lymphoma. Compared with those in other clusters, patients in the BALS cluster were more
likely to reach a moderate to high disease activity state and to experience worsening of their
subjective symptoms over time. Of note, follow-up ESSDAI and ESSPRI scores were
available for only 5 years, and long-term studies would be needed to establish whether more
patients develop widespread systemic disease. This follow-up is ongoing within the ASSESS
cohort. However, we had 15-year follow-up data on the incidence of lymphoma, which
revealed that incident lymphoma occurred exclusively in the BALS and HSA clusters.
Notably, in the BALS cluster, lymphoma occurred later than in the HSA cluster and, after 5
years, systemic manifestations in this cluster tended to be similar to those in the HSA cluster
at inclusion. The BALS cluster could therefore represent an earlier stage of the disease and
carry the risk of progressing towards a more systemic phenotype (HSA).



We acknowledge the limitations of our study. Some data in the ASSESS cohort were missing,
requiring the use of multiple imputations. However, the rate of missing was low (<10%). In
addition, even though we found similar clusters in the two cohorts, the respective proportions
of patients in each cluster were different. These differences can be explained by the
recruitment strategies of each cohort: as the primary goal of the ASSESS cohort was to
establish the risk of systemic changes and the risk factors for lymphomas, patients with low
systemic disease activity were less likely than those with higher activity to be included in this
cohort. Additionally, we did not account for current and previous treatments for Sjogren’s
disease in the analysis, which could have influenced particular manifestations. Nevertheless,
only a few patients were treated with disease-modifying antirheumatic drugs or
immunosuppressants. Furthermore, ESSPRI and ESSDAI scores for individual patients might
vary over time, and an annual assessment of these indexes might not give the full picture of
symptoms and disease progression. Finally, Cox models are subject to built-in selection bias
when calculating hazard ratios.

In conclusion, using an unsupervised clustering method encompassing all features of
Sjogren’s disease, we identified three subgroups with distinct disease evolution and prognosis.
Our study suggests the role of heterogeneous pathophysiological mechanisms within
Sjogren’s disease, and could aid further stratifications of patients with this disease.
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