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Meplypappa opAlag

* [Mapayovteg kivbuvou (risk factors) yia tnv epdavion tng vocou

e KAaoolkol mapdyovteg Kokncg ekfaong tngvooou (poor prognostic factors)
OTIWC TOUC YVWPL(OUE LEXPLOAUEPO OTTO TUXOLOTIOLNUEVEC LEAETEG,
KateuBuvtrpLec odnyiec Kkal KOOPTEC acBevwv.

* Nea epyaldeio katnyoplomoinongvooou-acOevwy Kal eKTipnong ktvduvou
KAKNC EKBaoNC , UTTOTPOTIWYV Kol BEATIOTWY BEPATIEVTIKWY ETTAOYWV

1. Disease multi-trajectories
2. Molecular portraits and genomics/transcriptomics/RNA-sequencing
3. Artificial intelligence and deep machine learning



MNapayovtec kwvduvou (risk factors) yia tnv epdavion tng vooou

Sex

* Approximatelytwo-thirds of individualswho develop RA are women . The
cumulativerisk of developing RA in adult population has been estimated at 3.6% for
women and 1.7% for men

Family History of RA

* Thereisan increased prevalence of RA in those families with an 40-50% risk for
seropositive RA, being strongest in first-degree relatives (FDRs)

Auto-Antibodies

* The presence of different auto-Absin serum can be detected years before RA
disease onset . Several longitudinal studies have linked the presence of ACPA to the
onset of clinical arthritis

Novella-Navarro et al. Risk Factors for RA Development. Frontiers in Medicine 2021



Risk factors for RA

Environmental factors Host factors
1 Neurclogical & Psychiatric
Major?;:cc;:::?gr |synovial sympathetic/sensory ratio
. . tsystemnic sympathetic tone
Dose-response effect Microbiota N— PTSD, depression, (schizofrenia)
Interaction with SE 8 Periodontitis, F: ginghvalis = i Sleep disorders
g 3 Gut dysbiosis, Prevotella spp. Allergic & Respiratory P
Airborne agents L~ i QLDSF:: da"ggtg:; Neuroendocrine
Silica - ma,
i . L 3 LHPA axis / relative adrenal insuf.
Inorganicitextile _dust@ " Diet tMelatonin, tprolactin, taromatase
Air pollution? = R i Immune-mediated Low vitamin D?
- oc meat, sugar, sodlUm 18D, Type 1 diabetes, MS? Obesity, hyperlipidemia, (statins)
- EF';I g g:'t;blee] Thyroid (Hashimoto, Graves) : :
/ Cnffeel?, (aleohol) Vitiige, alopecia areata Hormonal & Reproductive

Muliparity? (breastfeeding)? OC?
Early menopause, pusrparium
anti-oestrogens (Alftamaxifen?)

4 Genetic

Infectious agents Ahly -
Parvovirus B19, HCV, EBV? rea
(GIGU infection)? gy
HLA-DRBT1 ! shared epitope
Socioeconomic non-HLA genes (e.g. PTNP22)

/

\ Low socioeconomic status

R soral sy Llif:;itsfle e Blue collar jobs, pesticide
AR e e Repetitive workload, work stress

FIGURE 1 | Summary of risk factors for the development of rheumatoid arthritis. Factors that are associated with decreased risk are represented in brackets. Factors
for which evidence is conflicting and uncertainty remains are followed by a question mark. Al, aromatase inhibitors; COPD, chronic obstructive pulmonary disease;
EBV, Epstein-Barr virus; FLS, fibroblast-like synoviocyte: Gl, gastrointestinal; GU, genitourinary; HCV, hepatitis C virus; HDAC, histone deacetylases; HLA, human
leukocyte antigen; HPA, hypothalamic-pituitary-adrenal; IBD, inflammatory bowel disease; IncRNA, long non-coding BNA; miBNA, micro RNA; MS, multiple sclerosis;
QC, oral contraceptives; PBMCs, peripheral blood mononuclear cells; PTSD, post-traumatic stress disorder; SE, shared epitope.

Epigenetic

DNA methylation (PEMCs, FLS)
Histone modification (HDAC)

miRMA (-155, -146a), IncRMA (HOTAIR)

Frontiers in Medicine | www.frontiersin.org 2 November 2021 | Volume 8 | Article 689698

Novella-Navarro et al. Risk Factors for RA Development. Frontiers in Medicine 2021



Napayovtec Kivduvou (risk factors) yia tnv epdavion tng vooou

Smoking

*  Smoking is the most important environmental risk factor for RA development. The
association between smoking and RA presents an OR > 2, and smoking is estimated
to account for approximately 20-30% of the environmental risk for RA

Periodontal Disease

* Periodontitis (PD), is a disease that is more frequent in subjects with RA than in
healthy populations and P. gingivalis is the main causative agent of PD. It is the only
bacterium known expressing peptidyl arginine deiminase (PAD) enzyme necessary
for protein citrullination

Silica/DustInhalation

* Multiple studies have demonstrated an association between exposure to
occupational silica/dustand RA, mainly in ACPA positive RA .

1.Novella-Navarro et al. Risk Factors for RA Development. Frontiers in Medicine 2021
2.JM Kroese etal. Oral microbiome in early RA . Arthritis and Rheumatology 2021



Modifiable

Cigarette smoking

Overweight/obesity

Low fishintake

Periodontitis

Clinical Application

Strongevidence supports an association of
smoking with RA development . After
twenty years of smoking cessation, RA risk
returnsto the risk of a non-smoker,
suggesting modifiability

Increased body massindex, inflammation,
and RA are linked by a variety of
mechanisms, including adipokines and
chemokines .Several studies associate
overweight and obesity with RA
development

Oilyfishintake has a protective effect for
RA, perhaps due to omega-3
polyunsaturated fatty acids

Periodontal disease has been consistently
associated with RA . Porphyromonas
gingivalis, a bacterium that causes
periodontitis, may mediatecitrullination of
peptidesthatleadstothe development of

RA-related autoimmunity

Modification of RA risk-
related behaviours

Sparks JA, et al. Arthritis Care Res (Hoboken). 2018
Sparks JA, et al. Personalized risk estimator for rheumatoid arthritis

(PRE-RA) family study .Contemp Clin Trials. 2014



Clinical Application

Table 6 Core risk factors for development of arthritis in individuals at risk of RA according to population

At-risk population Subpopulations Core risk factors for arthritis
Asymptomatic at-risk Relatives of RA probands Serum ACPA level+RF
individuals

Indigenous at-risk populations

ACPA + individuals identified by
population screening

MSK symptoms without ACPA + withMSK symptoms
arthritis

ACPA+/RF + with arthralgia

Clinically suspect arthralgia

Early clinical arthritis Palindromic rheumatism

Undifferentiated arthritis

Serum ACPA level+RF

MSK symptoms

Subclinical joint inflammation on US

Subclinical joint and tendon inflammation on MRI

Serum ACPA level+RF
MSK symptoms
Subclinical joint inflammation on US

Serum ACPA levelRF
MSK symptoms
Subclinical joint and tendon inflammation on MRI

Serum ACPA level+RF
MSK symptoms

Serum ACPA level+RF

MSK symptoms

Subclinical joint inflammation on US

Subclinical joint and tendon inflammation on MRI

Close follow-up and
serology profile of
patients with suspected
inflammatory arthralgia

_ Use of more advanced
imaging techniques
(MRI+U/S) for selected
patients

ACPA, anticitrullinated protein antibodies; MSK, musculoskelstal; RA, rheumatoid arthritis; RF, rheumatoid factor; US, ultrasound.

Mankia K, et al. RMD Open 2021
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FIGURE 4 | Different imaging diagnostic techniques for RA.




Ultrasound

First author

Sample size

Duration of follow-up

Subjects recruited

Main results

us Nam JL'®

Van Beers-Tas
MH™

Filer A

Sahbudin I”!

Zufferey P22

»  US-defined synovial thickening
. power Doppler signal

. tenosynovitis
. bone erosion

Important considerations

136

163

58

107

80

Median 18.3 months

Median 12 months

18 months

18 months

Mean 18 months

Musculoskeletal symptoms,
ACPA positive,
no clinical synovitis

Arthralgia,
RF or ACPA positive,
no clinical arthritis

symptom duration </= 3 months

symptom duration </= 3 months

Polyarthralgia,
no RF or ACPA,
no clinical synovitis

Clinical synovitis at least one joint,

Clinical synovitis at least one joint,

Doppler signal and erosion over hand and
foot joints associated with development of
inflammatory arthritis

Synovial thickening of hand joints
associated with development of clinical
arthritis

Synovial thickening of wrists and MCPJ,
and power Doppler signal of MTPJ
predictive of RA

Tenosynovitis of digit flexor predictive
of RA

Synovial thickening of hands, elbows and
knees predictive of RA

predictive value for inflammatory arthritis

1. The subclinical inflammation detectable by US might be a late feature in the development of

inflammatory arthritis.

2. The narrow window between the detection of US abnormalities and clinical arthritis might not allow
any meaningful intervention

3. Lastly, itis also not clear which and how many joints need to be imaged for optimum predictive

accuracy.

Ho So et al. Rheumatology and Immunology Research 2021



MRI

Di Matteo A= 419 Median 41.4 months Musculoskeletal symptoms, Bone erosion in > 1 hand or foot joints, and
ACPA positive, bone erosion with synovitis in foot joints
no clinical synovitis predictive of inflammatory arthritis
MRI Tamai M# 129 12 months Undifferentiated arthritis Synovitis and bone marrow edema or

erosion over hand joints in conjunction of
autoantibodies predictive of RA

JiL® 31 Median 15 months Undifferentiated arthritis Synovitis and bone erosion in writs
associated with the development of RA

Van Steenbergen 150 Median 6.3 months Arthralgia of small joints <1 year, MRI inflammation score (sum of synovitis,
HWwW?ze no clinical arthritis, bone marrow edema and tenosynovitis)
suspected to progress to RA by over hands and feet predictive of
rheumatologists inflammatory arthritis
Wouters F*2 490 Progressors: median 1.2 Arthralgia of small joints <1 year, Bone erosion in hands and feet associated
months, no clinical arthritis, with development of inflammatory
Non-progressors: suspected to progress to RA by arthritis, but not after adjustments for age
median 8.6 months rheumatologists and MRI inflammation
Synovitis
Tenosynovitis could predict the development of inflammatory arthritis.

Bone marrow oedema

Due to the relatively long scanning time and limited access the use of MRl is generally
recommended only in difficult patient cases at least for the management of early arthritis.

Ho So et al. Rheumatology and Immunology Research 2021
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RA complexity and heterogeneity

Pre RA

Seronerative versus Seropositive

Early versus established

Erosive versus non erosive

With or without extraarticular manifestations
Difficult to treat RA

NIRRA versus PIRRA
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Prognostic factors

Prognostic factors are used for RA diagnosis, treatment decisions, and prognosis of
disease severity. So far, there is no uniform definition of poor prognostic factors.

Prognostic factors are used as inclusion criteria in randomized controlled trials.
They are defined heterogeneously and the relevance of a single or combined
presence of poor prognostic factors remains unclear.

Factors that are used predominantly for treatment decisions are:

high disease activity

early presence of erosions
autoantibody positivity
extraarticulardisease
functional decline (HAQ score)

Albrecht and Zink Arthritis Research & Therapy (2017)



Table 1 Identification of poor prognostic factors in randomized trials and observational cohort studies

Poor prognostic factor Outcome Study type Refererices
Increased DAS28 or single components Radiographic progression RCT, cohort [7,9,11,15]
Absence of remission Cohort (12 42]
Increased MBDA Radiographic progression RCT, cohort (21, 23]
Presence or high titers of RF and/or ACPA Radiographic progression RCT, cohort (7,9 32]
Absence of remission Cohort [42]
Presence of erosions Radiographic progression RCT, cohort [9,11,14,32]
Increased HAQ Absence of remission Cohort [12, 44]
Functional limitation RCT [13]
Smaking Radiographic progression RCT [15]
Delayed diagnosis/treatment initiation Absence of remission Cohort [16]
Ultrasound Doppler activity Radiographic progression Cohort (24, 25]
Absence of remission
MRl bone edema Radiographic progression RCT, cohort [26-28]
Genetic predisposition (relatedness) Radiographic damage Cohort [29]

ACPA anti-citrullinated protein-peptide antibodies, HAQ Health Assessment Questionnaire, MBDA multibiomarker disease activity score, MRI magnetic resonance
imaging, DAS28 disease activity score of 28 joints, RCT randomized controlled trial, RF heumatoid factor

Albrecht and Zink Arthritis Research & Therapy (2017)



Table 3 Treatment recommendations with poor prognostic factors as decision-criteria

Poor prognostic factors

Presence allows for Treatment target

RA state

EULAR [3) Ra, first DMARD failure

ACR [4] Early RA <6 months
Established RA (26 maonths or
1987 ACR criteria)

Italy [5] R&, DMARD failure

France [35] R&, DMARD failure

Germany [34]  RA, 1st DMARD failure

Canada [36] RA

High disease activity, RF/ACPA positivity,
early presence of joint damage

Moderate disease activity + =1 of
functional limitation, extraarticular
disease, RF/ACPA positivity, erosions

High disease activity + one or more of
functional limitation, extra-articular
disease, RF/ACPA positivity, erosions

LD + cne or more of functional imitation,
extraarticular disease, RE/ACPA positivity,
erosions or at least moderate disease activity

1. High disease activity (DAS28 > 5.1 for
=1 months

2. Moderate disease activity (DAS =32) +
ACPA/RF positive and elevated CRP or
ESR, persistence of one or more swollen
joint, bone erosions on X-rays, active
synovitis with power Doppler signal

3. New erosions

Existence or progression of structural
damage, high clinical and/or laboratory
activity, high RF/ACPA titers

High disease activity, RF/ACPA positivity,
early presence of joint damage

Mot further specified

bOMARDs Low disease activity or

remission

csOMARD combination

BOMARD or csDMARD
combination

csDMARD combination,
BOMARD at 3 months

bOMARD

bOMARD

bOMARD

Initial csDMARD combination

ACPA anti-citrullinated protein-peptide antibodies, ACR American College of Rheumatology, CRP C-reactive protein, ESR enythrocyte sedimentation rate,
EULAR European League Against Rheumatism, DAS disease activity score, BOMARD biologic disease-modifying antirheumatic drug, csDWMARD conventional synthetic
disease-modifying antirheumatic drug, RA rheumatoid arthritis, RF rheumatolid factor

Albrecht and Zink Arthritis Research & Therapy (2017)



Phase Il

Poor prognostic factors present Poor prognostic factors absent

(RF/ACPA, esp. at high levels;
high disease activity; early joint damage;

l

ilure of 2 2 csDMARD.
Add a bDMARDS” Change to or add a second
or conventional synthetic DMARD®
a JAK-inhibitor® l Leflunomide, sulfasalazine, —
alone or csDMARD combination®
(plus glucocorticoids)
Improved
at 3 months
and achieved target at Yesy ‘
6 months?® Dose reduction/
. : .
Continue mten@l |ncrea'se. in
sustained remission*
an )

A minimal initial treatment goal of low disease activity is conditionally
recommended over a goal of remission.

Addition of a bDMARD or tsDMARD is conditionally recommended over triple therapy
for patients taking maximally tolerated doses of methotrexate who are not at target.

Smolen JS, et al. Ann Rheum Dis 2020
ACR GUIDELINE FOR TREATMENT OF RA

Arthritis Care & Research
Vol. 73, No. 7, July 2021, pp 924-939



Predicting disease progression and poor outcomes
in patients with moderately active rheumatoid
arthritis: a systematic review

14 studies were prioritized, because they specifically analysed patients with moderate RA.
9 studies reported radiographic progression outcomes for 3241 patients
3 studies reported disease activity progression for 1516 patients, and two studies reported other

relevant outcomes for 2094 patients.

TaeLe 4 |dentified prognostic factors and reported thresholds for patients with moderate RA

Factor Threshold for progression Sources

DAS28 >4.2 at baseline Kiely et al., 2011 [20]
Nikiphorou et al., 2015 [28]

Presence of anti-CCP antibodies (Presence at baseline) Alemao et al., 2014 [8]

Alemao et al., 2016 [7]

Kroot et al., 2000 [21]

Barra et al., 2013 [10]
PDUS PDUS score >1 at baseline De Miguel et al., 2015 [14]

Abbreviations: DAS28: 28-joint DAS; PDUS: power Doppler ultrasound.

» Three prognostic factors were identified in moderately active RA patients at greater risk of disease progression.

o DAS28 >4.2, anti-CCP antibody presence and power Doppler ultrasound score >1 were identified as indicators
of potential progression.

o Higher-risk RA patients with moderate disease activity may benefit from more intensive treatment strategies.

Christopher J. Edwards et al. Rheumatology Advances in Practice 2019






Disease multi-trajectories

Response criteria based on current versus previous scores irrespective of which
composite score or response criteria are used they only give a snapshot of patients’
health at a specific time-point as they lack the time component.

Longitudinal approach that identifies subgroups of patients while capturing their
evolution across several clinical outcomes simultaneously (multi-trajectories).

Identifying subgroups of patients with similar progression is essential for
understandingwhat hinders improvement.

It is essential to identify such subgroups in order to find prediction factors of disease
evolution or for treatment response



Disease activity trajectories

Method: early-RA cohort BARFOT (n = 2829) was used to identify 24 month post-diagnosis
simultaneoustrajectories of 28-joint Disease Activity Score and its components.

For validation, the early-RA-TIRA-2 cohort (newer), (n = 504) was used.

Results: Three multi-trajectories were identified
v'39.6% of the patientsin the lowest
v'18.9% in the highest (worst) trajectory.

Patients in the worst trajectory had on average eight tender and six swollen joints after 24
months.

Radiographicchanges at 24 and 60 months were significantlyincreased from the lowest to
the highest trajectory.

M Leu Agelii et al. ScandJ Rheumatol 2021



Disease activity trajectories

BARFOT cohort (n = 2838) TIRA-2 cohort (n = 504)
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Months since diagnosis 1 | | | |
Group Percents: 39.6% 41.5% 18.9% 0 5 10 15 20 25

Months since diagnosis

Group Percents: 41.5% 48.8% 9.7%

Estimated trajectories are shown as thick lines with surrounding 95% confidence bands (thin lines). Mean statistics

are shown as dashed lines.
Conclusion: Multi-trajectories constitute a powerful tool for identifying subgroups of RA
patients and could be used in future studies searching for predictive biomarkers for

disease progression.
M Leu Agelii et al. ScandJ Rheumatol 2021



RNA Identification of PRIME Cells
Predicting Rheumatoid Arthritis Flares

* aclinicaland technical protocol for repeated home collection of blood (fingerstick collection
of three drops) of blood at home in patients with rheumatoid arthritis to allow for longitudinal
RNA sequencing (RNA-seq).

* Specimens were obtained during eight flares over a period of 4 years in index patient, as well
as from 235 time points during flares in three additional patients.

* |dentification of transcripts that were differentially expressed before flares and compared
these with data from synovial single cell RNA-seq.

DanakE, et al. NEJM July 16,2020



RNA Identification of PRIME Cells
Predicting Rheumatoid Arthritis Flares

CELLS PREDICTING RHEUMATOID ARTHRITIS FLARES

A Disease Activity over Time B Differential Expression of Genes during a Flare
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Figure 2. Clinical and Transcriptional Characteristics of Rheumatoid Arthritis Flares in the Index Patient.

Panel A shows disease activity (measured with the RAPID3 questionnaire; 356 scores included in the analysis) over the course of 4 years
in the index patient. Panel B shows a volcano plot of differential gene expression during flares (46 specimens) and during baseline (33
specimens), with significance (-logg false discovery rate [FDR]) plotted against the log; relative expression (flare:baseline ratio). Gray
points indicate genes with no significant difference in expression between flares and baseline (with FDR >0.1), red indicates genes with
significantly increased expression during a flare (FDR <0.1 and log; expression ratio >0), and blue indicates genes with significantly de-
creased expression during a flare (FDR <0.1 and log; expression ratio <0). Panels C and D show pathways enriched among genes with
significantly increased (Panel C) or decreased (Panel D) expression during a flare relative to baseline. The dashed line represents the

threshold for significance (FDR <0.05, or —log g FDR >1.3). NLS denotes nuclear localization signal.

DanakE, et al. NEJM July 16,2020



RNA Identification of PRIME Cells
Predicting Rheumatoid Arthritis Flares

Longitudinal  genomic  analysis  of
rheumatoid arthritis flares revealed
PRIME( pre-inflammatory mesenchymal
cells ) in the blood during the period
before a flare and suggested a model in
which these cells become activated by B
cells in the weeks before a flare and
subsequently migrate out of the blood
into the synovium.

Joint at Baseline

Unknown triggers :
B-cell activation may be caused by Inflamed Joint

infectious factors, environmental
factors, or endogenous triggers

PRIME cells’

Inflamed
synovium

DanakE, et al. NEJM July 16,2020



Clinical application

* it may become possible to intervene to prevent clinical flares when the

changes associated with flare immunopathogenesis are detected and before
clinical symptoms emerge.

But

* since a small number of patients were studied and medications were not
considered, and it remains likely that distinct cellular and molecular

mechanisms are at play in different subpopulations of patients with
rheumatoid arthritis



Synovial cellular and molecular signatures stratify
clinical response to csDMARD therapy and predict

radiographic progression in early rheumatoid

arthritis patients
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Humby F, et al. Ann Rheum Dis 2019;
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Humby F, et al. Ann Rheum Dis 2019;



How might this impact on clinical practice?

» This study demonstrates that the cellular and molecular
signatures define pathobiological endotypes early in the
disease process, prior to treatment modification, that have
a significant impact on disease prognosis and treatment
outcome.

» This offers the potential for a more accurate patient
stratification of this severe disabling disease where early
disease modification is crucial to life course outcome and
quality of life.

Humby F, et al. Ann Rheum Dis 2019;



Artificial Intelligence and DML

Fic. 6 Cycle of artificial intelligence-supported data management and clinical decision-making in rheumatology

clinical scores, lab analyses,
patient reported outcomes,
motion trackers, wearables, Data Data data storage (e.g. cloud),
transcriptomic/ genetic data, : data safety and privacy,
tissue analysis Collection UERELLEIENA  regulation, compliance
Platform

Clinical : ,
support clinical decision-making, Acssg‘gnce Learning learn to detect, predict, stratify
personalize treatment and monitoring, - System basved on collected experiences,
empowering patients' anatomy, monitor and validate machine-learned
predict treatment response treatment decisions

e Deep learning can assist rheumatologists by disease classification and prediction of individual disease activity.

« Artificial intelligence has the potential to empower autonomy of patients, e.g. by providing individual treatment
propositions.

e« Automated image recognition and natural language processing will be likely to pioneer implementation of artificial
intelligence in rheumatology.

Maria Hugle et al. Rheumatology Advances in Practice 2020



JUUTIEPACOTOL

AUOTUXWC TTAPA TNV CNHLAVTLKN TtpO0od0o otV Katavonon Ko otnv Bepareia
NG Peupatosdbouc ApbBpitdac dev €xoupe ALOTILOTOUC TIPOYVWOTLIKOUG
deiktec €kBaonc kot avtamokplong otnv Beparneia.

Mopd T EVIUTIWOLOKA €UprpaTa arto TG YOVIOLOKEG HEAETEG, TG Bloieg
apBplkol VHEVO OAAQ KL TNV XPoN TEXVNTNC vonpoouvn g Aslimouy ekeivol
oL Plodeikteg mou Ba eival evkoAa OSlabéoipol otov KAWLIKO LaTpO
TIPOKELLLEVOU va yVwpilel TNV €kBaon twv aoBevwyv aAAd Kal tnv PEATIOTN
BeparmevTikn el oyn



