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Terminology

Clinical practice guidelines as "statements that include

recommendations, intended to optimize patient care, that are informed by a
systematic review of evidence and an assessment of the benefits and harms of alternative care options

Precision medicine, sometimes known as "personalized medicine" is an
innovative approach to tailoring disease prevention and treatment that
takes into account differences in people's genes, environments, and
lifestyles.
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Organs

Autoabs
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Potential tailored treatments

Joints
Lungs

Cyclic citrullinated
peptide (CCP)
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Epigenetics Genetics

Baseline differential DNA
methylation patterns:
Sites located near ADAMTSL2, BTN3A2

and LRPAP1
Micro-RNAs:
miR-146a-5p (TNFi), miR-125b

Metabolomics o = Transcriptomi

. ; : < ~ Baseline expression of:
Amino acids (e.g. lysine, (< CD11c, DER1

glutamine, tyrosine, ‘ > Type | IFN response genes (e.g. IFI6,
phenylalanine) e; G| MX2, OASL, BATF2, LAMP3, CD83)
Lipid-related compounds (e.g. 2 Genes involved in the inflammasome,
sn1-LPC, ethanolamine, choline) P B cells, T cells and NK cells

Proteomics

CCP & Rheumatoid factor
Antibodies to citrullinated vimetin,
CPSF6, HNRNPA1, DNAJB1

CXCL13, sICAM3
TCPH, SELENOP, MAP2K3, CLTC

Mo evéLad£pouv Ta « SAKTUALKA QUITOTUTIWHLOTAL» TOU aoBevoug



Box 1| Current and emerging approaches for molecular
characterization of patients with systemic autoimmune
rheumatic disease

Current

Autoantibodies

Clinical imaging

Clinical lab testing: complement levels and split products
Soluble mediators: cytokines, chemokines, and soluble
receptors

Transcriptomics: molecular signatures

Genetics: disease-associated variants

Immunophenotyping: flow cytometry

Tissue histology

Emerging

Genetics: genetic load, polygenic risk scores, extended HLA
haplotypes

Transcriptomics: cell-specific expression/signatures (scRNA-
seq)

Immunophenotyping: single-cell proteomics (CyTOF), pro-
teogenomics (CITE-seq), repertoire immunomics
Perturbomics (multi-omic evaluation after stimulation or
other perturbation conditions)

Spatial tissue analytics: multiplex tissue imaging (CODEX,
serial IHC)

Imaging mass cytometry (Hyperion, [onPath)

Epigenomics (sorted cell and single cell): DNA methylation,
histone modification, chromatin conformation (ATAC-seq),
protein-DNA interactions (CUT&RUN)

Mass spectroscopy (biofluid) and imaging mass spectrom-
etry (tissue): proteomics, metabolomics, lipidomics, and
glycomics

Environmental factors: microbiomics, exposomics




A Precision medicine vs guidelines
'
'

All patients with RA '

Drug therapy
Guidelines

All receive the

based on cost-
. same treatment

' effectiveness

Therapeutictarget

Precision Medicine Genetics I . . . ' TNFi
. =
. =
' Epigenetics — = CD20
Ve &
20
Transcriptomics — S ' ' ' . IL-6
. 8 receptor
.ﬁ
' ' ' Proteomics — P ' i ' i JAK/STAT
' . Clinicaland v T-cell
lifestyle — “c8ll co-
stimulation

Figure | lllustration of how personalized medicine approaches using biomarkers and clinical predictors of treatment outcome can be applied to select a therapeutic target
with an increased likelihood of response for the individual patient.



Box 1| Current and emerging approaches for molecular
characterization of patients with systemic autoimmune
rheumatic disease

Current
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Recommendation

EULAR recommendations for the management of
rheumatoid arthritis with synthetic and biological
disease-modifying antirheumatic drugs: 2022 update



( A
Phase |
No contraindication for methotrexate Clinical diagnosis of Contraindication for methotrexate
Rheumatoid Arthritis'
\_ Y,
Combine with short-term ‘
Start a glucocorticoids n Start leflunomide
methotrexate® (reduce and stop as or sulfasalazine
rapidly as possible)
Improved
at 3 months
and achieved target at Yes,
6 months??
Conti Dose reduction in
ontinue sustained remission*
p No <
Phase Il
Poor prognostic factors present Poor prognostic factors absent
(RF/ACPA, esp. at high levels;
high disease activity; early joint damage;
failure of 2 2 csDMARDs)
Add a bDMARD®; ] Change to or add a second
Consider use of a conventional synthetic DMARD
JAK-inhibitor l _ _
) Leflunomide, sulfasalazine,
GRlY aflar riek stsessrant® J alone or csDMARD combination”
(plus glucocorticoids)
Improved
at 3 months
and achieved target at Yes, _
6 months?* _ Dosamaduction/
Continue > |ml mcrea_sef‘ in
sustained remission*
> No <
Phase Ill J
Improved
Change the bDMARD **or at 3 months
g N — ; Yes
JAK-inhibitor® and achieved target at
6 months??
Dose reduction /
Continue |r1ter\_.'al |nct9&:_53fun
No sustained remission*
- J




Articles I

latpikr) AkptBeiag pe Baon tov Loto (avoocodatvotumo) kat Oxt ta guidelines

Rituximab versus tocilizumab in anti-TNF inadequate *®

responder patients with rheumatoid arthritis (R4RA):
16-week outcomes of a stratified, biopsy-driven,
multicentre, open-label, phase 4 randomised controlled trial

Frances Humby, Patrick Durez, Maya H Buch, Myles | Lewis, Hasan Rizvi, Felice Rivellese, Alessandra Nerviani, Giovanni Giorli, Arti Mahto,
Carlomaurizio Montecucco, Bernard Lauwerys, Nora Ng, Pauline Ho, Michele Bombardieri, Vasco C Romado, Patrick Verschueren, Stephen Kelly,
Pier Paolo Sainaghi, Nagui Gendi, Bhaskar Dasqupta, Alberto Cauli, Piero Reynolds, Juan D Caiete, Robert Moots, Peter C Taylor,

Chrisfepherj Edwards, John Isaacs, Peter Sasieni, Ernest Choy, Costantino Pitzalis, on behalf of the R4RA collaborative group Lancet 2021




212 patients assessed for eligibility

22 excluded
> 9 did not meet inclusion criteria
6 declined to participate
7 did not respond
v
190 provided informed consent
23 excluded
> 10 did not meet inclusion criteria
6 declined to continue
7 forother reasons*
h 4

| 167 underwent synovial biopsy I

>

3 did not meet inclusion criteria

h 4

l 164 randomly assigned

3 did not receive the study drug
2 declined to continue
1lost to follow up

v

| 79 B-cell poor patients

v

| 64 B-cell rich patients

v

| 9 germinal centre positive patients

-

| 9 with unknown histology |
38 received 41 received 33 received 31 received S received 4 received 6 received 3received
rituximab tocilizumab rituximab tocilizumab rituximab tocilizumab rituximab tocilizumab
3 discontinued 1 discontinued 2 discontinued 1discontinued
before before before before
week 16 week 16 due week 16 due week 16 due
2 toxicity to toxicity to toxicity to toxicity
related side- related side- related side- related side-
¥ effectsor ™ effects or > effects or > effects or
adverse adverse adverse adverse
events events events events
1patient
decision
h r A r A r r h 4
38 completed 38 completed 32 completed 29 completed 5 completed 4 completed 6 completed 2 completed
treatment up treatment up treatment up treatment up treatment up treatment up treatment up treatment up
toweek 16 toweek 16 toweek 16 toweek 16 toweek 16 to week 16 toweek 16 toweek 16
Figure: Trial profile

*Six patients did not have suitable joints at biopsy and one for clinical reasons unrelated to rheumatoid arthritis.




H R4RA KALWVIKN OOKLUN

»YUVOALKA 164 aoBeveic pe pevpatoeldn apbpitida umoBARBnkav oe
Boyia apBpikou apBpLkol vypou mpPLv Ao th Bepareia Ko
TaélvopnOnkav LoToAoyLKA eite WC PpTw)OL o B-kUTTOPA ELTE WG
rnAovolol o€ B-kutTapa

»YTN OUVEXELQ, Kataveundnkav tuxaio otnv opada tocilizumab n otnv
opada rituximab), pe LotoAoyikn Taélvounon we nopayovia
oTpwWHATONOLNONC

»Metad tnv taévounon pe aAAnAouyia RNA, To ToocooTto amokpLonc

CDAI50% ntav onpavtika vpnAotepo otnv opada tou tocilizumab oe
oUyKpLon HE TNV opada tou rituximab



2 UVETIELEC

* H kAwikn dokiur) R4RA avtutpoowmevEL Eva 0pOCNUO OTh
LnxowvLotikn dltepevvnon o€ emnimedo Lotol acbEveLOC TNG OXEONC
HeTaéL Tou TpoTou 6pAonc Tou PpapUAKOU Kol TNEG KALVLKAG
QTIOKPLONC

e Y& oUyKpPLON UE TNV TPEYOUOO KALVIKN TtpooEyyLon, tTo R4RA delyvel otL
o€ aoBeveic pe yapnAn n amovaoia vrtoypadnc ekppaonc B-
AepdoKuTTAPWY oToV apBpLko Loto pe aAAnAouxion RNA, n Bepamneia
e avaotoAn tou umtodoxea IL-6 SnAadn pe TooAllov papmn— eivor
QVWTEPN ATO TN O0TOXEUon B-Aepdokuttapwyv He rituximab
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OPEN ACCESS

EULAR recommendations for the management of
psoriatic arthritis with pharmacological therapies:
2023 update

Laure Gossec © ,"? Andreas Kerschbaumer @ ,? Ricardo J O Ferreira @,
Daniel Aletaha @ ,* Xenofon Baraliakos @ ,° Heidi Bertheussen,’
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Phase |
(ciinical diagnosis of active PsA |
T
N v v v v
Polyarthritis (>4 swollen joints) [ Monololigoarthritis ] [ Enthesitis' ] [ Pre y axial ] [ opnt shin of ]
with or without dactylitis
_poor prognostic factors present
b3 I Consult &
r dermatologist
[ Nsw-xmwww'](---------- —)[N“D-tbulmmoﬂlmdm']
Achieve Achieve
target® within Yes target® within Yes
4 weeks 4 weeks
~ No No Z
Phase Il |
s> | Start methotrexate'*
or another csDMARD
—
Continue®
¥4
> Enthesitis )
Phase Il e
N2
Start bDMARD: Start bDMARD:
TNFior IL-17i or IL-12/23i or IL-23p19i IL-17i or TNFi
considering relevant considering relevant
Consider use of a JAK-inhibitor only after ider use of a JAK-inhibitor only after
risk assessment” risk assessment”
| Continue® I
\ 4
= =
Phase IV Arthritis and/or enthesitis 1 Predominantly axial di
S Switch to another bDMARD* Switch to another bOMARD
(within or b L ) or JAK ' | (within or between classes of TNFi or IL-17i4)
or JAK-inhibitor”
Yes -l
Continue® l
J




Phase Il

Start methotrexate'*
or another csDMARD

d

Y Switch to another bODMARD*
(within or between classes) or JAK-inhibitor”

Improved®
at 3 months

l

Switch to another bDMARD
| (within or between classes of TNFi or IL-17)
or JAK-inhibitor”

\
(G P
Enthesitis
Phase Il
l Predominantly axial disease
¥
Start bDMARD: Start bDMARD:
TNFi or IL-17i or IL-12/23i or IL-23p19i IL-17i or TNFi
considering relevant considering relevant
non-musculoskeletal manifestations* non-musculoskeletal manifestations*
Consider use of a JAK-inhibitor only after Consider use of a JAK-inhibitor only after
risk assessment” risk assessment’
( Yes 1
\ 4
P =\
Phase IV Arthritis and/or enthesitis 1 Predominantly axial disease




RHEUMATOLOGY

O ri g i n al a rt i C I e doi:10.1093/rheumatology/key069

Precision medicine using different biological
DMARDs based on characteristic phenotypes of
peripheral T helper cells in psoriatic arthritis

Ippei Miyagawa’', Shingo Nakayamada', Kazuhisa Nakano', Satoshi Kubo’,
Shigeru Iwata', Yusuke Miyazaki', Maiko Yoshikawa', Hiroko Yoshinari' and

Yoshiya Tanaka'

Miyagawa et al Rheumatol 2018



Precision Medicine
Stratification (divide into subgroups)
and use of targeted therapy

IL-17 IL-12/23(p40) TNF orIL-17 TNF
inhibitors inhibitor inhibitors inhibitors

& ii"i‘; | '
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use of targeted therapy




Standard biologics therapy (Guidelines) vs Strategic Biologics Therapy

Precision Medicine
Stratification (divide into subgroups)
and use of targeted therapy

Stratification based on ¢ peripheral immune
proportion of Activated Th1 and Th17 cells cell Phenotyping
(immunological characteristics)

L l |

activated Th17- Activated Th1- activated Th1/Th17- Activated Th1/Th17-
dominant type dominant type high type low type
IL-17 IL-12/23(p40) TNF oriL-17 TNF
inhibitors inhibitor inhibitors inhibitors
| l

use of targeted therapy Miyagawa et al Rheumatol 2018



PsA was classified into four types by peripheral blood lymphocyte analysis

Th1/Th17 cell (CD3/CD4 gated)

= A Th17 12.8% A

| Activated Thl 5.21%, <} Activated Th17 0.86%

CCR6

CD38

CXCR3

46%

Ih17 2.05%

CCR6
CD38

HLA-DR

Activated Th17 1.38%

Z 2
o a
] &
S HLA-DR
° A
W e
o e g | Activated Th10.94% | Activated Th17 031%
: .
: © Th119%
- ®
-4
3 8
o S
HLA-DR

CXCR3

Twenty-six patients with PsA were classified into the following four types according to the phenotype of CD4'T cells
in peripheral blood: (A) activated Th1-dominant (6 cases); (B) activated Th17-dominant (10 cases); (C) activated .
Th1/Th17-high (4 cases); and (D) activated Th1/Th17-low (6 cases). Results are representative of each group. Miyagawa et al Rheumatol 2018



Fic. 1 Study design

Enrollment (n=64)

random allocation

Flow cytometry-based strategic
bDMARDs treatment group

Standard bDMARDs

(n=26) treatment group (n=38)

Adalimumab n=18 (47.4 %)
Infliximab n=12 (31.6 %)
Secukinumab n=1 (2.6 %)

Ustekinumab n=7 (18.4 %)

Treatment with bDMARDs

for 6 months

Adalimumab n=8 (30.8 %)
Infliximab n=1 (3.8 %)
Secukinumab n=12 (46.2 %)
Ustekinumab n=5 (19.2 %)

Discontinuation(n=2) Discontinuation(n=7)

Non responder Infusion reaction

ADA n=2, IFX n=1, UST n=1

SEC n=1
remission Completed (n=24) Completed (n=31) Non responder
SEC n=1 ADA n=1, UST n=1

Assessment of clinical efficacy and lymphocyte phenotype Herpes zoster and breast cancer

IFX=1

Miyagawa et al Rheumatol 2018



Results

* The therapeutic efficacy of strategic biologics therapy was
compared with that of standard biologics therapy.

* The therapeutic efficacy was higher in the strategic
bDMARDs treatment group than in the standard bDMARDSs
treatment group, indicating the value of precision medicine
in the selection of specific bDMARDs in the treatment of
PsA.
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Flow cytometry
based strategic
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tandard bDMAR Dy

treatment group
(n=38)

Flow cytometry
based strategic
bDMARDs treatment
group (n=26)
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What is Autoprediction?



DEPARTMENT OF RHEUMATOLOGY AND CLINICAL IMMUNOLOGY

AutoPrediction©

A disease-specific, parameter-dependent
algorithm, which predicts customized response

to individualized treatment

Flexible (not all parameters needed to predict

Semi-quantitative

Includes demographic, clinical, laboratory and/or histological parameters
Immunological (autoantibody, serum cytokines, chemokines, cell subsets
(Th1, Th17, Tregs, Bregs etc, surface cell subsets i.e CD24, CD27, CD39)



Systemic Sclerosis

~

87 patients with Systemic Sclerosis, 92 patients with Systemic Sclerosis,
who responded to treament who did not respond to treatment

Serum/plasma
Blood
DNA/RNA
PBMC

Saliva

Urine

Stool Sample

\

534 analytes

(17 autoab specificities,
45 cytokines,

19 angiogenic factors,
17 fibrogenic factors

27 cell-surface markers,
19 chemokines, ...)



Systemic Sclerosis

87 patients with Systemic Sclerosis, 92 patients with Systemic Sclerosis,
who responded to treament who did not respond to treatment

Type of Treatment

IVIG
MMF
CYC
Cyclosporin
MTX
AZT
Rituximab
Anti-TNF
Infliximab

Specific treatment for Pulmonary arterial hypertension, digital ulcers, etc

DEPARTMENT OF RHEUMATOLOGY AND CLINICAL IMMUNOLOGY




DEPARTMENT OF RHEUMATOLOGY AND CLINICAL IMMUNOLOGY

Immunogenetic, Genetic,
Pharmacogenetics,

e 594,322 SNPs (single nucleotide polymorphisms)

Infinium Global Screening Array-24 v2.0 BeadChip,
lllumina



Genetic variation- SNPs

« Single Nucleotide Polymorphism : the most

common form of genetic variation
alelet AATCATGTGTGGCTACTTACTGTCACT

« Change in one nucleotide N
alele2 AATCATGTGTAGCTACTTACTGTCACT

» Usually one common (major) and one rare
(minor) allele

I G/G G/A A/A
i M I I I I O n S Of S N PS acrOSS the genome h':m:f,-?:u: Fc'e"'.'/:vgv.n.: hl:m*{,gu:
» Different effects based on their location
Proximal Core
control elements proToter
(a 2
/\ Start of transcription RNA Poly(lA) site
GC box CAAT box TATA box Int  Exon 1 Exon 2 Exon 3
DNA T s 3 Y\ e '
GGGCGG __ GCCCAATCT TATAAA | Intron Intron ] 4 |
-100 -80 -25 I +1 I I
5 untranslated 3’ untranslated

region (leader) region (trailer)



DEPARTMENT OF RHEUMATOLOGY AND CLINICAL IMMUNOLOGY

AutoPrediction -examples

* Prediction algorithm for response of SSc patients to
individual treatment-

e infliximab (27parameters 14 with positive predictive
value and 13 with negative predictive value



DEPARTMENT OF RHEUMATOLOGY AND CLINICAL IMMUNOLOGY

General Comments

* Less than 30% of the predictive score can be attributed to
autoantibodies (mono or poly-specificity or combination

* More than 40% of the total predictive score is to be attributed to cell-
subset phenotyping

* Less than 20% of the predictive score can be based on serum
cytokines

* Less than 10% of the scoring is due to genotyping



DEPARTMENT OF RHEUMATOLOGY AND CLINICAL IMMUNOLOGY

Example A

Algorithm % prediction (0-92%)= ZxPre-Predict algoritm
(3.2autoabl1)+(9.1autoab?2)-(6.7autoab3)-

(1.2 autoab levels/cut off autoab4)+ .........
(3.1cytokinel)+ (1.7cytokine2)+........ +

(3.9 xCD4+CD27+) (+2.2CD4-CD39+)+ ......

+(9.2 B10)+ (1.3CD4C+D25+).......

Prediction algorithm for response of SSc to infliximab
(27 parameters 14 with positive predictive value &
13 with negative predictive value



DEPARTMENT OF RHEUMATOLOGY AND CLINICAL IMMUNOLOGY

The roadmap to Autoprediction and Precision Medicine is not an easy task










