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Systemic autoimmune diseases
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Moroni L et al. Geoepidemiology, gender and autoimmune disease. Autoimmunity reviews



Systemic autoimmune diseases

1. Challenging to diagnose

Heterogeneity of the
clinical phenotype

2. Challenging to treat
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Connecting the dots
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Autoinflammatory Mixed- Autoimmune
RMDS pattern RMDS

Spondylarthritis Rheumatoid Systemic sclerosis
arthritis

Schnitzler Oligoarticular Polyarticular Mixed connective
syndrome Juvenile idiopathic Juvenile idiopathic Tissue disease
arthritis arthritis

Giant cell arteritis ANCA-associated Idiopathic
vasculitis Inflammatory
myopathies
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Behcet disease Systemic lupus
erythematosus

Adult-onset Still
disease
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Disease activity

Low activity

Sjogren's syndrome

Lymphoma

Onset

(]

Diagnosis

Time

Pilar Brito-Zerdn et al Sjogren syndrome Nat Rev Dis Primers. 2016



Why Sjogren’s Syndrome

SS can present either alone (primary) or in
the context of another systemic
autoimmune disorder (secondary)

DERMATOMYOSITIS/
POLYMYOSITIS



OPEN Prevalence of Sjogren’s syndrome
in the general adult population
in Spain: estimating the proportion
of undiagnosed cases
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2) Sjogren's syndrome is a common
disease and may be undiagnosed



The pathophysiology of SS is complicated and not well understood

Salivary epithelia cells
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ABSTRACT NUMBER: 1904

IL-6 Receptor Inhibition in Primary Sjogren Syndrome :
Results from a Randomized Multicenter Academic Double
Blind Placebo-controlled Trial of Tocilizumab in 110 Patients
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Inefficacy of Infliximab in Primary Sjégren’s Syndrome

Interleukin-1 Inhibition and Fatigue in Primary Sjogren’s
Syndrome - A Double Blind, Randomised Clinical Trial

Katrine Braekke Norheim'*, Erna Harboe', Lasse G. Goransson'”, Roald Omdat"?

Results of the Randomized, Controlled Trial of Remicade In Primary Sjdgren's
Syndrome (TRIPSS)
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Etanercept in §jogren’s Syndrome

A Twelve-Week Randomized, Double-Blind, Placebo-Controlled
Pilot Clinical Trial

RESEARCH ARTICLE

Rituximab Effectiveness and Safety for
Treating Primary Sjogren’s Syndrome (pSS):
Systematic Review and Meta-Analysis

Randomized Controlled Trial of Rituximab and
Cost-Effectiveness Analysis in Treating Fatigue and
Oral Dryness in Primary Sjogren’s Syndrome

Francine Bertolais do Valle Souza'*, Gustavo José Martiniano Porfirio?, Brenda Nazaré
Gomes Andriolo’, Julia Vajda de Albuquerque’, Virginia Fernandes Moga Trevisani®™*®




A variety of Systemic Clinical Manifestations

Non-specific (e.g Raynaud, fatigue, arthralgias) ‘

/

airways disease)

Peri-epithelial (sialadenitis, interstitial renal disease, PBC, small ‘

/ J Extra-epithelial (Immune-complex mediated) ‘

B-cell lymphomas ‘

F N Skopouli et al Clinical evolution, and morbidity and mortality of primary Sjégren's syndrome. Semin Arthritis Rheum. 2000



" *Standardized Incidence Ratios

Zinzaras E, et al. Arch Inter Med 2005



Mortality in SS with or without lymphoma

Ovutcome

Observed/Expected
deaths

SMR (exact 95% Cl)

Follow up, person
years
Excess Deaths due to
Lymphoma

SS patients
without
Lymphoma (531)

SS patients with
Lymphoma (53)

41/37.89

3.25 (1.32 to 6.76) 1.08 (0.79 to 1.45)

556 1912

1.58 /1000 person-years

Theander Ann Rheum Dis. 2006



Sjogren’s unmet needs

Q To stratify patients according to their basic characteristics
d Development of lymphoma
d Gender
O Age
d Histologic features

0 Presence of autoantibodies
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HarmonicSS

Networking and Optimizing the Use of
Population and Patient Cohorts at EU Level

HARMONIzation and integrative analysis of regional, national and
international Cohorts on primary Sjogren’s Syndrome (pSS)
towards improved stratification, treatment and health policy
making




The consortium
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Multi-level development of the HarmonicSS project

374 wave/level

A 214 \wave/level

1st wave/level

Harmonized research

Spontaneous multicenter data from the
: research data (e.g. UPAHI consortium (e.g. clinical
Single center research group) phenotyping of SS)

data (e.g. UoA)



Sjogren’s unmet needs

d To stratify patients according to their basic characteristics
d Development of lymphoma
d Gender
O Age
d Histologic features

0 Presence of autoantibodies

1st wave/level



4 Sjogren’s Syndrome associated lymphoma patients: histologic subtypes

mMALT m®mDLBCL m®mNODAL m®Tcelllymphomas ™ Follicular ®mLPL ™ CLL
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Chatzis LG et al manuscript under preparation



Females/Males 8/113 7/83 11/0
Age at lymphoma diagnosis (median) 58 (29-82) 57 (29-82) 71 (43-81) 54 (36-79)
Disease duration from SS onset to lymphoma diagnosis (median) 8 (0-37) 7 (0-37) 14 (0-25) 13.5(1-20)
Disease duration from SS diagnosis to lymphoma diagnosis (median) 4 (0-30) 3.5 (0-30) 8 (0-21) 6.5 (0-20)
ECOG PS 1,0 % (no) 96.6% (115/159) 100 (92/92) 100 (11/11) 50% (4/8)
B symptoms 6,8% (8/118) 4,4% (4/92) 9%  (1/11) 12,5% (1/8)
Nodal involvement 35,9% (42/117) 22,2% (20/92) 91% (10/11) 100% (8/8)
Extranodal involvement 83,8% (98/117) 100% (92/92) 45,5% (5/11) 0% (0/8)
Bone marrow involvement 23,9% (28/117) 20%  (19/91) 27,3% (3/11) 25% (2/8)
Bulky disease 0,8% (1/119) 0% (0/92) 18,2% (2/11) 0% 0
Splenomegaly 11,8% (14/119) 56% (5/92) 18,2% (2/11) 75%  (6/8)
Ann Arbor stage

I 54 52 2 0]

Il 23 18 4 0]

I 10 0] p 6

v 31 21 3 P

Chatzis LG et al manuscript under preparation



Overall survival

100 —— Malt
T —— DLBCL
'2 1 L L | I | |
- —— NMZL
>
(72}

2 50
G) 1 | | | |
o
[}
o
0 1 1 | 1 | | 1
0 10 15 20 25 30 35 40
v Time (years)
10-year OS Malt DLBCL NMZL
79.140 40.909 46.875

Event free survival

100 —— Malt
‘_§ —— DLBCL
S —— NMZL
>
9]

2 50 1171
w I_I_I_‘—I_l_l_l_l
o
)
D_ | | | |
OI 1 | 1 1 |
0 5 10 15 20 25 30
"Time (years)
10-year EFS  Malt DLBCL NMZL
45.552 24.242 31.250

Chatzis LG et al manuscript under preparation




Sjogren’s unmet needs

d To stratify patients according to their basic characteristics
d Development of lymphoma
d Gender
O Age

d Histologic features

0 Presence of autoantibodies

214 \wave/level



Sjogren Syndrome
does not respect
gender equality




Sjogren Syndrome
does not respect
gender equality







Sjogren’s Syndrome: Clinical and serological associations according to gender (UPAHI)

1987 PATIENTS / 96 MALES
Female : Male ratio = 20:1
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Chatzis LG et al Sjogren's Syndrome: The Clinical Spectrum of Male Patients. J Clin Med. 2020



P=0.01
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P=0.001

10/191 Female

Chatzis LG et al Sjogren's Syndrome: The Clinical Spectrum of Male Patients. J Clin Med. 2020



Sjogren’s Syndrome: Clinical and serological associations according to gender (UPAHI)
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Lymphoma

Purpura

Cryoglobulinemia

SGE
Low C4

Regression
Prominent feature Odds ratio p-value CI low CI upper
coefficient
Lymphadenopathy ) 6.549 0.0003* 2.456 17.482
SGE 0.689 2.006 0.129 0.853 4.724
Anti-La 0.682 1.989 0.11 0.884 4.477

Low C4 (< 20mg/dl) 0.465 1.599 0.337 0.629 4.069
Monoclonal
0.537 1.728 0.512 0.353 8.592
gammopathy

Chatzis LG et al Sjogren's Syndrome: The Clinical Spectrum of Male Patients. J Clin Med. 2020




Sjogren’s unmet needs

d To stratify patients according to their basic characteristics
d Development of lymphoma
d Gender
O Age

d Histologic features

0 Presence of autoantibodies

214 \wave/level



Sjogren’s Syndrome: patients with early or late disease onset (UPAHI)

1997 pSS patients

m < 35years
> 65 years

m 36 - 64 years

Goules A et al. Primary Sjogren's Syndrome of Early and Late Onset: Distinct Clinical
Phenotypes and Lymphoma Development Front Immunol. 2020



Sjogren’s Syndrome: patients with early or late disease onset (UPAHI)

pSS patients % 1997/379 (19% < 35 years)
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Goules A et al. Primary Sjogren's Syndrome of Early and Late Onset: Distinct Clinical
Phenotypes and Lymphoma Development Front Immunol. 2020



Sjogren’s Syndrome: patients with early or late disease onset (UPAHI)

PSS patients %

100 P = 0,044 > §5 years
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60
40
20
0

Clinical & laboratory features

Goules A et al. Primary Sjogren's Syndrome of Early and Late Onset: Distinct Clinical
Phenotypes and Lymphoma Development Front Immunol. 2020



Sjogren’s unmet needs

d To stratify patients according to their basic characteristics
d Development of lymphoma
d Gender
O Age

Q Histologic features

Q Autoantibodies profile

214 \wave/level



1997 SS
Harmonized

patients
N

1171 Excluded

1 Not been subjected to an
826 SS pOTlenTS LMSG biopsy or had a FS<1 or

FS>1 the biopsy was evaluated
using other histologic
classifications (etc. Tarple

208 Excluded
. Disease duration <1 year
618 SS pOhenTS from SS diagnosis to
lymphoma diagnosis or last
follow up

560 SS non 58 SS
lymphoma Lymphoma
patients patients

Chatzis LG et al A biomarker for lymphoma development in Sjogren's syndrome: Salivary gland
focus score. J Autoimmun. 2021



PATIENTS FOCUS SCORE ALLOCATION
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Chatzis LG et al A biomarker for lymphoma development in Sjogren's syndrome: Salivary gland
focus score. J Autoimmun. 2021



FCBF-based multivariable logistic regression analysis results with lymphoma as an outcome in 618 SS
patients with FS>1.

Regression

Prominent feature* coefficient Odds ratio p-value Cl low Cl upper
Cryoglobulinemia 1.73 5.928 0.021 ** 1.457 24.558
SGE 1.577 5.078 0.008 ** 1.849 13.975
Focus Score 0.27 1.316 0.049 ** 1.034 1.677

Focus score as Lymphadenopathy WEE 2.239 0.29 0.661 7.713
a continuous Age at SS diagnosis 10.033, 0.967 0.146 0.935 1.0

variable Autoimmune thyroiditis  -0.046 0.995 0.701 0.323 3.081
correlated Dry mouth 0.387 0.995 0.654 0.258 9.679

(]
I n d e p e n d e nI"y * The strongest potentially independent variables identified by the FCBF algorithm to construct the logistic

wi-l-h Iym p h o m q regression model, after analysing initially the following features included in the unified dataset: Gender, Age at

SS, Dry mouth, Dry eyes, Anti-Ro, Anti-La, ANA, Focus Score, history of SGE, history of generalized

d eve I o p m e n‘I' Lymphadenopathy, Rheumatoid Factor, monoclonal gammopathy, Low C4(<20), Arthralgia-myalgia, Arthritis,
Raynaud, Palpable purpura, Myositis, PNS-vasculitic, CNS involvement, Liver involvement — autoimmune

hepatitis, Liver involvement- PBC, Lung involvement — interstitial disease, Lung involvement — small airway
disease, Interstitial renal disease, Kidney involvement -GN-biopsy, Autoimmune thyroiditis, Cryoglobulinemia.

**< 0.05 (95% confidence interval): final independent lymphoma associated factors

Chatzis LG et al A biomarker for lymphoma development in Sjogren's syndrome: Salivary gland
focus score. J Autoimmun. 2021



NUMBER OF LYMPHOMAS/NON-LYMPHOMAS AND MEDIAN TIME TO LYMPHOMA DIAGNOSIS PER FOCUS
SCORE GROUP

3<FS<4 4<F5<5 5<F5<6

Median time to lymphoma diagnosis

D 3 4,5

Lymphoma Non lymphoma

Chatzis LG et al A biomarker for lymphoma development in Sjogren's syndrome: Salivary gland
focus score. J Autoimmun. 2021




R=-0.32,p=0.015

2.0 7.5
Fecus Score at SS Diagnosis

Pearson

Sequential algorithm for fime interval from SS until ymphoma

diagnosis for each FS threshold

FS range P Value®
FS=2 vs FS<2 0795
FS=3 vs FS<3 0,0956
FS24 vs FS<4 0,0080
FS=5 vs FS<5 0,0857
FS=6 vs FS<6 0,1820
FS=7 vs FS<7 0,2004
FS=8 vs FS<8 0,2004
FS=9 vs FS<9 0,1716
FS=10 vs FS<10 0,9005
FS=11 vs FS<11 0,9146

Chatzis LG et al A biomarker for lymphoma development in Sjogren's syndrome: Salivary gland
focus score. J Autoimmun. 2021



Comparison of time to Lymphoma developement

KA P I_A N Focus score == FS<4{N=526) FS>=4(N=89)

MEIER
ANALYSIS:
TIME TO
LYMPHOMA
BIV/XCINONN
BETWEEN
PATIENTS
WITH FS<4
COMPARE 10 15 20 25 30
DTO Time to Lymphoma or censoring (years)
PATIENTS
WITH FS=4

Probability of not having Lymphoma

Number at risk

FS<4(N=526)1{ 526 311 175 81 31 5 1
a9 49 22 11 5 1 0
0 5 10 15 20 25 30

Time to Lymphoma or censoring (years)

Focus score

Chatzis LG et al A biomarker for lymphoma development in Sjogren's syndrome: Salivary gland
focus score. J Autoimmun. 2021



Lymphoma associated risk factors in high (24) and low (<4) LMSG FS subgroups of SS patients

FCBF-based multivariable logistic regression analysis results with lymphoma FCBF-based multivariable logistic regression analysis results with lymphoma as
as an outcome in low Focus Score group. outcome in high Focus Score group.

Regression Odds

Prominent feature* :sg::;::;z: ::::’ p-value Cllow  Clupper Prominent feature* R cient - “rafio p-value Cllow  Clupper
Cryoglobulinemia Cryoglobulinemia 0.917 2.571 0.421 0.288 24.681

fazs 3.92 0,147 o) SDO N P Low serum C4 T 383  0.147 0701 21575
SGE 3.92 5213 0.02 ** 1541 17.779 SR:I?:an:atT;::actor 1.027 2.877 0.282 0.484 17.654
Lymphadenopathy 0.788 232 035 0493 11281 en|argz,§ent dpta 234 R N
Age at SS diagnosis -0.037 0964 0236 0.92 1.01 Focus score 0.333 1.409 0.035** 1.104 1.803
Gender 3 el RN TG B :\z‘;i:;::rlw e 1399 0779 0142 15134
Autoimmune thyroiditis gog 1.051 0.736 0.283 3.956 Raynaud’s phenomenon 545 1.75 0.561 0.321 9.746
**<0.05 (95% confidence interval): final independent lymphoma associated factors **< 0.05 (95% confidence interval): final independent lymphoma associated factors

SGE Focus score




Second biopsy: history of SGE, at

9 years

Second biopsy: All patients at 4

years

Chatzis LG et al A biomarker for lymphoma development in Sjogren's syndrome: Salivary gland
focus score. J Autoimmun. 2021



Sjogren’s unmet needs

d To stratify patients according to their basic characteristics
d Development of lymphoma
d Gender
O Age

d Histologic features

d Autoantibodies profile

214 \wave/level






Peripheral nervous
Involvement

Control
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Peripheral nervous
Involvement
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Ro(-), La(-), Rf(-), Ana(-)



4pl negative Control
72 patients P=0.007 72 controls

R O (_) I_C| (_) Rf (_) An q ( -) Chatzis LG et Combined seronegativity in Sjogren’s Syndrome Under review
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Lymphoma

Control
077 | Control

Ro(-), La(-), Rf(-). Ana(-)



Sjogren’s Syndrome: different pSS groups prompting evaluation for lymphoma development

Lower risk [ Increased risk




Sjogren’s Syndrome: different pSS groups prompting evaluation for lymphoma development

Lower risk Increased risk




Sjogren’s Syndrome: From the era of biomarkers towards Precision Medicine

Clinical, laboratory indices, genes
and proteins of interest

Definition of disease-associated
markers

Genomics, proteomics, transcriptomics,
metobolomics e.t.c

Definition of biomarkers

Functional interactions,

time/host/environment-depended on/off
signals

Definition of procedures

Hardware

Software

Precision Medicine
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