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Spondyloarthritis

Psoriatic Arthritis

SpA: Overlapping entities

AS  Ankylosing spondylitis
PsA DPsoriatic arthritis
USpA Undifferentiated SpA
ReA Reactive arthritis

SIBD SpA pe IBD

A \



Psoriatic arthritis

Epidemiology

¢ Inflammatory arthritis

» Affects
v ~1-3% white Caucasian
v 0.1-0.3% American/ African-American

v ~30% of patients with psoriasis

» DPsoriasis usually (~70%) precedes of arthritis

» 30-50 years old
+ ¥=4

Chandran et al J Autoimmun 2010



Psoriatic Arthritis

Patterns of disease

+ Heterogeneous disease
¢ Asymmetric oligoarthritis
¢ Predominantly distal interphalangeal disease
¢ Peripheral polyarthritis (rheumatoid-like)
¢ Dominant axial disease (sacroiliitis/spondylitis)

o “Arthritis mutilans” (a mutilating type of disease - digits)

Eder & Gladman Curr Rheum Rep 2013



Psoriatic Arthritis

Common Findings

+ Other common findings

¢ Enthesitis (entheses:
tendon/ligament attaches to the
bone)

o Dactylitis - sausage-shaped
swelling of digits

¢ Nail involvement

¢ Radiologically

+ juxta-articular new bone
formation and erosions

WWW.cri-net.com

Brockbank JE Ann Rheum Dis 2015



Psoriatic arthritis

...or psoriatic disease

+ Metabolic component + Inflammatory Bowel Disease
¢ Diabetes (11-20%) + Crohn (not for UC)
o Obesity (16-60%) ¢ Risk Ratio

+ Associates with PsA development + Vs Healthy: 2.96 (1.40 - 6.00)

and worse prognosis + Vs Psoriasis 3.60 (1.83 - 7.10)
¢ Hypertension/CVD (28-47% /21- + Ocular manifestations
62%) ¢ Risk Ratio
+ @ CVDrisk + Vs Healthy: 3.35 (2.21 - 5.70)
v Does not fully explained by classic + Vs Psoriasis 2.13 (1.40 - 3.24)
CVD risk factors

¢ Mental disorders

+ Depression (9-27%)

. o Charlton R et al Ann Rheum Dis 2018

* AnXletY (6'37 A’) Kimball AB | Am Acad Dermatol. 2008 McDonough E et al | Rheum 2014
Krishnadas R Brain Behav Immun 2016 Khraishi M et al Clin Rheum 2014

Nikiphorou E, Fragoulis GE Ther Adv Musculoskelet Dis. 2018 Husted JA et al Arthritis Care and Res 2014



Psoriatic arthritis (PsA)

Pathogenesis

+ Genetic factors
+ Environmental factors
¢ Microbiome

+ Mechanical stress




PsA pathogenesis
Genetics HLA

+ HLA-B27
¢ In about 20% of PsA W

¢ Associated with

~EETE- S - F = k=
+ Axial disease
PsA rs2275913 rs763780
» Dactylitis
AS rs2275913 rs763780 rsd4819554  re1004819° rs1884444 184129267 rs6871626 rs2310173°
r1s12141575 511209026 rs6556416

. rs10889677% 1
181495965°

E UVeltIS rs6677188¢ 1
18220181 1
rs2201841° 1
rs11805303 |

» Poor prognosis reriss: |

rs924080°

rs11209032* rs7517847
rs1735018
rs76418789

Queiro R Rheumatology (Oxford) 2016
Rauner N et al. | Rheum 2009
Aschermann S Joint Bone Spine 2006

McGonagle D et al Ann Rheum Dis 2019 Neerinckx B et al RMD Open 2017



PsA pathogenesis
Genetics.....and non-HLA

(Fene

PsA

+ Genetic factors HLA

PSORSI
. . . HLA-C*0704
® OUtSlde HLA - mamly mn HLA-C*1203
HLA-B27
pathways HLA-BS7
HLADQAI
HLA-B13
+ [EN HLA-BOR
HLA-B37
HLA-B38

# TNF HLA-B39

HLA-DRB 1%04

+ 1L-23/-17 i
S0C81
RMNF114
[FIH1
MDAS
DDX58
TYE2

IL-23/17 signalling
IL-23A (p19)
IL-12B (p40)
IL-23R
TYK2
JAK2
STAT3
TRAF3IP2
: 50CSI
(modif )Cafaro G, Mclnnes IB Clin Rheum 2018 ETS1

EE N
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Eg i i O
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PsA pathogenesis

Environmental factors _
e

+ Environmental factors
¢ Microbiome
+ HLA-B27 Tg mice or SKG mice

¢ IBD-like, psoriasis-like rash, arthritis, sacroiliitis

+ Lees pronounced in germ free conditions
+ Psoriatic arthritis Vs Healthy individuals

¢ { Akkermansia/Ruminococcus/Coprococcus

Scher | et al Arthr Rheum 2015
Taurog ] et al JEM 1994



PsA Pathogenesis

Mechanical stress

+ Innormal tendons

¢ Tenocytes

» control extracellular matrix by
producing collagen or degrading it via
proteases

¢ are notoriously mechanosensitive
» transcription factors

v scleraxis and mohawk

v drive expression of mechanical
stress-activated genes

+ Invitro

¢ stretching of tendon and ligament stromal
cells induces the production of an array of
pro-inflammatory mediators,

» Chemokines, cytokines and
complement factors

Steady state

Transcription
factors

* Scx

* Mkx

Growth factors

* TGFB
« CIGF

Periosteal cell

Mechanoinflammation

LT cell
Matrix proteins Lipids {
« COL-I * PGE, @
* COL-Ill _ =
* COMP Cytokines iy
s TNF i 0
A *IL-17 e
[\ *IL-8
Complement
factors
*C3

J= : : ( ' )
Mechanostress 4’2@ ‘ S
/ ( ‘v, ) - J ’
|

Matrix enzymes
* MMP1
* MMP3

Chemokines
¢ CCL2
* MCP1

Growth factors
* NGF
* VEGF

Schett G et al Nat Rev Rheum 2022



PsA Pathogenesis

Mechanical stress

+ Mechanical stress

“unloaded mice”: less enthesitis

¢ PPsA studies

* 9-25% injury preceded

» Koebner-phenomenon analogy

+ Joint/bone injury

¢ DPsoriasis patients

Table 2 HR of incident psoriatic arthritis (PsA) by trauma exposure among patients with psoriasis

Cases of PsA, N

IR0 000 person-years
HR (95% C1)

Multivariate HR (95% CI)*

Trauma exposure

Unexposed

745

22.0 (21.0 to 24.0)
1.00 (reference)
1.00 (reference)

All

65

30.0 (26.0 to 34.0)
1.34 (1.15 to 1.56)
1.32 (1.13 to 1.54)

Joint
122
35.0 (29.0 to 41.0)
153 (1.22 10 1.92)
150 {1.19 to 1.90)

Bone

56
280 (21.0 to 37.0)
1.45 (1.05 to 2.01)
1.46 (1.04 to 2.04)

Merve

15
30.0 {17.0 to 49.0)
1.71 (0.B9 to 3.28)
1.66 (0.B4 to 3.29)

Skin

63
23.0(17.0 to 29.0)
093 (069 to 1.26)
091 (067 to 1.23)

Scarpa R et al Ann Rheum Dis 1992
Taurog | et al JEM 1994
Thorarensen SM ARD 2017



PsA Pathogenesis
The IL-23/1L-17 axis

Some of them, in an IL-23 =
independent manner!! o

IL-23

IL-17A
Innate cells Adaptive cells
ILC3 yaT INKT MAIT Thi7 CDa+T T
\ )

|

McGonagle D et al Ann Rheum Dis 2019 Inflammatory cytokines, chemokines, RANKL, cell activation
Sieper | et al Nat Rev Rheum 2019
Siebert S, Fragoulis GE, Mclnnes IB EULAR online course 2016




PsA Pathogenesis

Bone formation

T RANK
ﬁ
@ e Orsteoclast
ILe23  mmmmmss s ms s sms s *  precusorcell Pre-osteoclast Orsteoclast

W |

1O T cell T, 17 cell l
ll ; Wint signalling
MSC proliferation and osteoblast
| and differentiation diff erentiation
. . MSC O — Committed osteablast

MSC
proliferation

Pre-osteoblast

!

(@)

Veale D et al Lancet 2018 Orsteablast
Gravallese E & Schett G Nat Rev Rheum 2018




I1.-23
Evidence for PsA

w
+ In

¢ Entheses
¢ Spine
¢ Bowel
¢ Joints

¢ Skin



Psoriatic arthritis
Enthesitis

» Enthesis organ “synovio-entheseal
concept”

+ Could enthesis be the start of A (Ariyiosis)
everything?? . &—/&:__ Osteoproliferation ::___:: \
— " Enthesis g

) ) i MU — ] Ry % /
+ T-cells at the sites of tendon insertion — L 'L-zef**/'"ﬂamma“ﬂ" SN
. Gut microbiome TNE L_j o f
into bone (entheses) 3 1237 ,ZML_H,.H,.M.OSS o
HLAE27 UPH >’T|L‘2goug° cos B Bone fusion
¢ express IL-23 receptor ¢ coa-
Biomechanical | RORt
¢ respond to systemically-administered e

IL-23 to produce IL-17, IL-22 and IL-6

Lories | and Mclnnes IB Nat Med
2012
Sherlock JP Nat Med 2012




Psoriatic arthritis
Enthesitis

& Mechanosensation and immune activation b Innate inflammatory response
Triggers PGE2 Vasodilation

* Mechanical stress

* Disturbed barrier function |73
* Infections —_— 4 ’
-

ILC3:  y8Tecells ILC3s Y8 Tcells
Activation

Effector cells

Bone

Bone marrow

+ PGE2
¢ Response to mechanical stress

¢ Mesenchymal cells - COX2
expression

¢ Induces IL-17 expression

Schett G et al Nat Rev Rheum 2017




Psoriatic arthritis
Enthesitis

€ Mesenchymal proliferation d New bone formation
* Hedgehog
_@ « PTHrP
_
* Wnts
ﬂ « BMPs
MSCs Osteoblast' 'Bone Hypertrophic
chondrocyte

-

Schett G et al Nat Rev Rheum 2017




SpA
IL-23 in the spine/bowel

+ Spine

A .. *a_pat. 0017 gﬁ
o 1 IL-23 facet SpA > OA 83 o 2
gg 4 ig
¢ myeloid CD14+ cells expressing IL-23 35 i
in spinal entheses obtained from g8 .
. o« e c 01 QN
healthy individuals am Lk | Ee
a
A IL-23p19
p<0.05
> Bowel 5’00' T p<0.01
¢ By infiltrating monocytes sg”' -
5.0
¢ Paneth cells £
E 2.5+
0.0 B2
c AS Normal ASacute ASchronk

Appel H et al Arthr & Rheum 2013
Siebert S et al Ann rheum Dis 2018
DG McGonagle et al ARD 2019
Bridgewood C et al Ann Rhem Dis 2019



Psoriatic arthritis

[L-23 in Synovium and Skin

+ Similarities & differences

¢ TNF pathway, VEGF, y -
TGF-p1 and IL-6 ! L =
#+ More activated in b ._ é_
synovium . .o
) S
o IL-23/-17 axis §| e

+ More active in the
skin

n
*
ek
i
O Skin
' B Synovium

IL-23A IL-17A IL-17F

Th17

Belasco | et al Arthr Rheum 2015




Perturbations
in the gut
community
composition

(DYSBIOSIS)

PsA pathogenesis

activation of

IL-23-
dysregulation p,rOd ucing
of the gut Immune

epithelial cells
barrier . .
resident in
the lamina
propria

activate IL-23-
responsive
cells such as
MAIT cells,
type 3 innate
lymphoid cells
(ILC3) and y&
T cells

The microbiome (gut-joint axis)

circulate
away
from the
gut and
migrate
to the
entheses
and
synovial
tissues

inflammatory
responses

Schett G et al Nat Rev Rheum 2022




PsA Pathogenesis
Could all start from IL-237

+ Transgenic expression of IL-23 in mice

B p19 pdo
0.03- 0.0159 ——
© 0.02+  0.0104
i uj
oc (1
0.01+ 0.005 5
0.00- 0.000 -
WT K23 WT K23
p19/p40 I6{&E, lSars
expression weeks

in the ears

Chen L et al, Sci Rep 2020



IL.-23 mice model

PsA features & cytokines expression

. Bone Er:::_sicm . G Dactylitis
o4 ! s : Synovial Proliteration ' —
3 .S, : " bl o ! i
T 3 L] [ TIT 4 e .g |m—|
g 2 E (2] 3 - - L L] L L]
g &e 3
_'g 1 5 o _?2
I g 21
0 21 T
I 0
Joint Destruction 1]
o? , Enthesitis
g Nn.S. . o 4 n.s.
= 3 n.s. .= =] I n.s. .
g 2 ?' . § 3 n.s. -e seee
=4 1 B n.s.
E 1 I"I.S-i 'gug s i . T
.j_:u- % 1 = - LT -
WT & 10-1516-2020-30 30+ = 0
Weeks after TAM
IL-23 IL-22 IL-17
40 n.s. 10= ax 10
s - . ®E
* g .
30 . 5 . E". n.s
—_ a® * — = B+ .
E . E E
20 o - E
o . . 0507 4 o
A Cot o s T -
10 0.25- 2] e "o ®
BN
0 T T T 0.00 "ﬂl T T 0 T T T
WT Bwk 20wk WT Swk 20wk WT Swk 20wk

K23 K23 K23




1L-23

Initiation but not perpetuation of disease

Anti-IL-23R prevented initiation of spondylitis Anti-IL23R failed to suppress spondylitis
and arthritis development in HLA-B27tg rats and arthritis in HLA-B27tg rats

A A
oay o]} 7] oo a 23,25 [ 50 55 )
! ! I T I ! 7 T
1. sacrifice experiment immunization i sacrifice experiment
start anti-IL23R e T ot M.Aub/IEA start anti-IL23R

orchiectomy orchiectomy - 50% arthritis micre-CT

immunization arthntis and histological analysis histoloqical analysis
M.ILbAFA spondylitis onset 3 X incdence o L
B J 100
100
" p<0.001 p<0.001 - vehice =12 p=0.061 %1 p=0.136 - vohicla n=7
. 50 80 = all 23R n=12 P 80 80 - FIL23R n=10
% 60 % 0 E 60 é 0
H g
S 4 ; 4« ; 40 2 %0
® 20 20 20 20
W M. WD W R . WM W o ° 4 e o m» e
days post immunization days post immunization days post immunization days post immunization
¢ 12 08 e 6 15
- 0 : " kB - wehice n=T
& .| AUC p=0.001 z AUC: p=0.030 - vehicle n=12 § ] Auc p-0a09 E | AUC p=0283
s 10 kS + allZIR n=12 = 9 = alL23R n=8
= 06
§ 3 i g 4 iu
6 = 04 g E
" -7 c "
® I . 1 § A 4
£ 4 T *’*’*v— 1l f/ 29 74+ Lot TN — =05
E AT 2 A § AT B TR
£ ! ; 1 i |4 :
04 il * 0.0 - By 0¥— L
0 10 20 30 40 0 10 20 0 40 o 10 b » “ o 1o 0 % “

days post immunization days post Immunization days after start treatment days after start treatment




PsA

Pathogenesis overview

P
Yo
Genetic L 1) 9 Vw"&
background ® <
HLA-B27 x

synovial
membrane

More common
Gut Microbiome

McGonagle D et al ARD 2019 (modif froimy Sicverr 5, rragoulis GE, Mclnnes IB EULAR online course 2016
Bridgewood et al ARD 2019 Gravallese and Schett Nat Rev Rheum 2018




Psoriatic arthritis

Treatment options

+» NSAIDs

+ Glucocorticoids
» Conventional synthetic DMARDs

¢ Methotrexate, Leflunomide, Sulfasalazine, Cyclosporin

» Targeted synthetic DMARD
¢ Apremilast (PDE4 inhibitor) and JAK-inhibitors
» Biologic DMARDs (“Biologics”)



Current and novel treatment options for PsA

TNF Inhibitors
Adalimumab

Certolizumab ”_-12/”_-23 Inhibitors Kinase Inhibitors
Infliximab Guselkumab Tofacitinib
Golimumab . IL-17RA Inhibitors
|L-17A.InthItOI’S Brodalumab(?) PDE4 Inhibitors
. . . Ixekizumab Apremilast
Co-stimulation Inhibitor p

Secukinumab

i -

Abatacept

..

1"‘ Th17 cells
aB T cells
yd T cells IL-17A
Activated Innate Target cell

dendritic cell

PDE4, phosphodiesterase type 4; Th17, T helper 17 cell.
Adapted from Nestle F, et al. N Engl J Med. 2009;361:496-509;
Kopf M, et al. Nat Rev Drug Discov. 2010;9:703-718; Garber K. Nat Biotechnol. 2011;29:563-566




anti-INF

Mode of action

~ Cytokine—Receptor Interact

Normal interaction

Inflammatory
Cytokine cytokine

receptor

Neutralization of cytokines

Soluble Mom_)clonal
receptor S antibody

~ No signal



Anti-1L-17

Mode of action

IL-17F

ao

4 “_'17 fa mlly ||.-17:5.-17F

IL-17E _ILA7C IL7A IL-178

e 6 members which share similar structure ¥4 Q%0 Q0 Q™0

+ IL-17A and IL-17F: the most well characterized ‘ . ‘ . na
[ ] m :

¢ and five receptors (IL-17RA to IL-17RE) g
. . B SEFIR .I' L APRE a

+ Canform heterodimers [y 1LA7RB [} IL17RE IL17RA [T ? ILA7RB 2 ? IL-17RD

IL-17RA IL-17RA 4 -'IRAFG
Traras |

o]
A K

¥

i,

¢ Under normal conditions protects from
fungal infections

TAK1
mRNA stabilization m

Earans

7

transcription of target genes

Brembilla et al. Front immun 2018
Fragoulis & Siebert Oxford Textbook in Rheumatology (In Press)



Anti-1L-23

Mode of action

+ Engagement of IL-23 with
the IL-23R

¢ Signalling, mainly through
JAK2 and TYK2

*

*

Phosphorylation of STAT3

Subsequent expression of the
transcription factor RORyt and production

of IL-17

Fragoulis GE & Siebert S, Musc Care 2022 (in press)




Apremilast

Mode of action

Fragoulis GE, Mclnnes IB
(Oxford Textbook of Psoriatic
Arthritis, 2018)




JAKi

Mode of action

s b U
T CD CD SN TDED
9% 990 o 0o %o ©°
JAK inhibitors
Tofacitinib (JAK3/1>2)
Baricitinib (JAK1/2)
Filgotinib (JAK1)
Upadacitinib (JAK1)
Others

Teng MWL et al Nat Med 2015
Fragoulis GE et al Rheumatology 2018 (In Press)




JAK-inhibitors in PsA/SpA
Why?

——ﬁ

IL-7,

+ Cytokines involved in this IL-23/IL-17 iz g 22
axis exert their function through the % .‘0 °0

ru-unm 1. ye  IL-22R1 IL-10RB
TYK2 JAKL JAKL  TYK2

JAK/STAT pathway IL-6R ﬁlso lemJ
+ Polymorphisms in JAK2 and TYK2 have K‘.ii
stara

STAT1
been reported in association with S — sTAT3
STATS
aXSpA = Th17 Th17/ILC3/y8T

differentiation

Sﬁfef?"t'a"°“ Bone, synovial fibro-

. . a . 4-—/ > blast and keratino-
» Animal studies s [ e crepeson
STAT3
Transcription

+ Ex-vivo data

Dendrou et al Sci Transl Med. (2016)
Fragoulis et al JACI 2021
Hammitzsch et al Front Imm 2020



Animal models
The A-20 knock-out example

+ A-20 Knock-out mice

¢ A-20 negative regulate NFkB

>

-o- tofacitinib
-=- placebo

] ¥ ¥k

j

¢ SpA like enthesitis/arthritis

._|

¢ Treatment with Tofacitinib

Clinical scores
~N

Histological scores
9 -
o o
L

+ U disease activity,

+ U inflammation of the synovial—-
entheseal complex

De Wilde et al Ann Rheum Dis 2017



Ex-vivo data

+ CDATcells
¢ AS, PsA, RA

# JAKinibs { responses IL-17A, IL-17F, IL-22

# in cultured CD4 T cells under Th17-promoting conditions (PBMC or synovial fluid)

PBMCs Synovial fluid
AS PsA RA

150 7 ==E 150 Ak

150 7 2==

100 o -

18

100 o =

14

IL-17A (pg/ml)
2
L A L

50

o

o

% IL-1TA compared to contral
% IL-17A compared to contral
% IL-17A compared to confrol

(modified from) Hammitzsch et al Sci
Rep 2018




Safety & Co-morbidities

Should be also considered... I

+ Inflammatory bowel disease, Uveitis

¢ Contra-indication
* Anti-1L-17

+ Etanercept

+ Cardiovascular disease

+ Mental-health disorders

Whitlock SM et al | Am Acad Derm 2018

Feagan BG et al Lancet 2017
eagan chab e Sharma S et al Best clin Prac & Res Clin Rheum 2018



Inflammatory bowel disease
The IL-17 story

+ Anti-IL-17 & Inflammatory bowel
disease

¢ RCTs in Crohn disease: negative

¢ Pathogenetic mechanisms

» Candida growth (IL-17 fungal
protection)

# Occludin traslocation (tight
junction protein)

v Production of IL-17 from Ty0
upon intestinal injury

IL-23 Neutralization
ylinflammation (4Treg cell, | cytokines)
4Barrior Integrity { # Cldnd, occludin locakzation)

IL-17 Neutralization
| Mnflammation (§Treg, 4 cytokines)
wBarries Integrity (yCldnd, cccludin mislocalization)

LUMEN 2
'W/ "
o

y & D
23 2 17 @g Ant-IL-17R
o < ® e ® o ®
. ~ Y
; 7 cell Anti-iL-17
IL-238
Anti-IL-23 6T cel Tha7 cell

Doedhar et al Arthritis Rheumatol. 2016; 68 (suppl 10)
Fobelo Lozano MI | Crohns Colitis 2018

Heuber W et al Gut 2012

Gaffen SL et al Nat Rev Immun 2012

Colombeel JF et al 2013

Whibley N et al Immunity 2015



SpA/PsA and CVD risk

+ Less evidence compared to RA

¢ However.....PsA: worse metabolic profile compared RA
» Many data derived from psoriasis studies

¢ Lack of evidence for newer drugs

Fragoulis et al, Ther Adv M. Dis 2020



PsA
Increased CVD risk

+ SLR
+ 1 CVD morbidity and mortality risk

+ T rates of risk factors for CVD (e.g
hypertension, overweight)

Table 5 Cardiovascular risk factors in PsA

Cardiovascular No of
risk factor studies  Findings
Dyslipidaemia™ B Dyslipidaemia was more prevalent in PsA patients

than in controls!® 24 26 26-30

+  Reduced total cholesterol and HOL-cholesterol
levels? 28 30

* Reduced LDL-cholesterol levels® ¥
+ Increased LOL and triglycerides levels™

Hypertension B Hypertension was more prevalent in PsA patients
than in controls!? 18 24 262824

Obesity or BMI 3 Patients with PsA had higher BMI than controls®* 26 28

Diabetes mellius 4 Diabetes mellitus was more prevalent in PsA patients
than in controls!® 24 22 28

Smoking 3 There was no statistical differences between patients

and controls 242828

*Dyslipidaemia is defined as abnormalities in lipid profile predisposing to cardiovascular
diseases.

BMI, body mass index; HOL, high-density lipoprotein; LOL, low-density lipoprotein; PsA,
psoriatic arthritis.

Jamnitski et al ARD 2013



PsA
Comparable CVD-burden with DM?

+ Study comparing PsA vs RA Vs DM

Table 3. Comparison of comorbidities between psoriatic arthritis, rheumnatoid arthritis and diabetes mellitus patients.

Comorbidity PsA RA DM PsA versus RA PsA versus DM

n=215 n=219 n=215 Crude OR [95% CI) Adjusted OR [95%CI) Crude OR [95% Cl)  Adjusted OR (95% CI)
Smoking 76 (35.4) 62 (28.8) 85 [39.5] 1.35(0.90-2.03] 0.84 [0.57-1.24)
Hyperlipidaemia 101 (47.0] 67 (31.2) 101 (47.0] 1.94 (1.32-2.90] - 1 -
Hypertension 62 [28.8) 51(23.8] 77 [45.1) 1.30 [0.84-1.99] - 0.49 (0.33-0.74] -
Obesity 50 (29.4) 24 (12.8) 79 [36.7) 2.83 (1.65-4.84) 0.72 (0.47-1.10)
Coronary disease 10 [4.7) 10 [4.7] 16 7.4) 1(0.41-2.45] 1.05 [0.31-3.57)* 0.61(0.27-1.37] 0.66 [0.23-1.71)2
Stroke 8 (3.7) 2(0.9) 7(3.3) 412 (0.84-19.4) 5.06 (0.80-32.1)° 1.15 (0.41-3.22) m
MACEs 12 (5.4) 12 [5.4) 22110.2) 1(0.44-2.28] 1.20 [D.40-3.63] 0.52 (0.25-1.08] 0.42[0.16-1.10)=
Osteoporosis 12 [5.6) 24 (11.2) 21(0.9] 0.44 (0.21-1.03] 0.67(0.28-1.464]b 6.22 (1.33-29.2)0 -
Depression® 42 [19.5] 15 (7.0 12 15.6) 3.24 (1.74-6.04] 3.02 [1.57-5.81]¢ 4.11(2.10-8.05) 4.85 (2.37-9.73)4
Malignancy 12 [5.8) 713.3] - 1.76 (0.68-4.55] 1.60 (0.60-4.26)® - -

Fragoulis Ther Adv M Dis 2021



Cytokines and Comorbidities

AP
4B

Release of

* Proinflammatory cytokinesz
* Immune complexes

* Complement components

L1p 1

Cardiovascular risk - the big picture

-6
.:jo

(

Skeletal muscle

-—
o
* | Functional

capacity of muscle
# Insulin resistance

(

Reticuloendothelial
system

‘.--ucl_i.f L
@@
g

Altered lipid levels

(L LDL-C and LHDLC)
and lipid particle
compasition in active
disease*

Vascular tissue

* Arterial wall inflammation

* Endothelial dysfunction

* TBlood vessel stiffness

* Atherosclerosis

* TUnstable coronary
plagues

* Hypercoagulable stats

|

Cardiovascular
disease

= TCRP production

= T Synthesis of
procoagulants
(such a= fibrinogen

)

1

Adipose tissue

X
Altered body
composzition
» T Central fat
deposition
* | Lean mass

Feguson L et al, Nat Rev Rheum 2019



PsA

Adipose tissue - comparable with diabetes

+ PsA (n=26) Vs Healthy (n=130) Vs Diabetes (n=454)

¢ MRI body fat composition

A Weight-to-muscle ratio
#+ 26 PsA /130 age, sex and BMI-matched controls / 454 DM type2

¢ Vs 130 age/sex matched healthy Muscle fat infiltration : Liver fat

+ 1 visceral adipose tissue (VAT) volume [mean 5.89 | (S.D. 2.10 |)] compared Vs
matched-controls [mean 4.34 | (S.D. 1.83 1)] (P <0.001)

+ 1 liver fat percentage [median 8.88% (interquartile range 4.42—-13.18%)]
Vs matched-controls [3.29% (1.98—-7.25%)] (P <0.001).

Abdominal fat index

o Vs 454 DM2 ‘ ——

Fat ratio

Visceral fat index

+ No statistically significant differences in VAT, liver fat or
muscle fat infiltration (MFI) between PsA and type 2 diabetes.

Feguson L et al, Rheumatology (Oxf) 2021



PsA (PsO) - TNFi

clinical outcomes

» Meta-analysis TNFi Vs topical therapy (psoriasis) .

Yaar  Author Foliow_man AR [95% CI} Waight

¢ U risk for all CVD

TNF Inhibiors vs Topicalipnobs therapy

(RR, 0.58; 95 % CI, 0.43 to 0.77; P < 0.001) 2010 Abuabars

- o I
¢ VU risk for MI oa e . cmormom 57
(RR, 073, 95 % CI, 0.59 to 090, P = 0003) 2013 WU 2 . 0.1 (0.41, 0.81) 1234

1
2016  Denish () ] 0,42 (0.3, (.65) 1604

+ Meta-analysis TNFi Vs MTX e (- p =00 <j> cmp@em  mm

THF Inhibitors va Methotrexats traatmeant

o U risk risk for CVD 2010 Awshara 42 - osBs00%y 14

(RR, 0.67; 95 % CI, 0.52 to 0.88; P = 0.003) oo oo N S —
Subtotsl [F = 8.3%, p = 0.337) 4':} 0LET (052, 0.63) 021
o ¥ risk for MI : i ’
oweral [ = 57.3%, p = 0.016) <}r> [LED [0.48, 0.74) 100000
(RR, 0.65; 95 % (I, 0.48 to 0.89; P = 0.007) ST TR e e e “'E : T

Yang ZS et al, Clin Rev All Immun 2016
Roubille C et al, ARD 2015
Lee MP et al, JAMA Dermatol 2019



Effects of IL-17A mAb treatment on atherosclerotic plaques in apoE—/ -

mice.

.
+ Apo-e -/- mice treated with anti-
IL_l 7 8000 A Lesion area 60 Fractional stenosis Table V. Quantitative tissue PCR results for different cytokines,
4000 p<0.001 T B ZPEO0L. T chemokines, adhesion molecules and transcription factors from the
— i thoracic aorta®
o1 g — 3000
¢ Inhibition of IL-17A £ 5 _ IL-17 mAb-treated Contol p
2000 L 2l =30 l Variable (n= 150 AC, + 8D in = 1) AC,. + 5D value
. . | E Ciie 111 =202 858 + 247 = 0,001
+ 4 atherosclerotic lesion area (p < 1o T 13 Endothelial NO 035 = 0.18 024+010  ns
. . b synthase )
0.001), maximal stenosis (p < 0.001) TR b ated Gom R Y R LCK 3262210 6752400 001
FOXP3 1.06 = 0.43 0.67 = 041 0.006
. . . ILIB 276 £ 193 1.37 = 1.27 0.01
# 4 Celh.llar 1nf11trat10n TNFee 194 + 218 478 + 4.43 0004
16 7846 + 51.30 15727 = 19300 (004
@ . . k MCP-1 (CCL2) 6344 = 2465 6436 = 2874 n.s.
# activation markers on MIP-1a (CCL3) 262094 254 £ 0.86 n.s.
TR2 (TNFREFI4) 0.02 = 0.02 035 = 0.85 0.03
1 1 VCAMI 22.19 = 0.87 6430 = 2802 =0.001
endothelium and immune cells o 219027 G -ZmL <o
IFNy 201 £ 135 141 = 0.85 n.s.
(e-g., VCAM'I) CCLS 3008~ 1824 5257 2496  0.007
CCRS 18.95 = 16.79 57.53 £ 4567 0.1
1 1 bt ® Values are normalized to B-actin and expressed as cDNA copies/I 0D B-actin
* @ CytOklne/ ChemOklne Secretlon copies. All values are shown as mean = SD. n.s., Not significant,

(e.g., IL6, TNFalpha, CCL5)

Christian Erbel et al. | Immunol 2009;183:8167-8175



1L-23

Atherogenesis -

. A WT 2LdiIr* 123+ ->Ldir*
» [IL-23 and its downstream target IL-22 > S o Mocadliaoss
Disease
¢ { atherosclerosis by repressing pro- . :
. . . ML EC Monocytes Atherosclerotic
atherogenic microbiota. B plague
\ Bacterial products
. . Metabolites
+ Inactivation of I1L-23-1L-22: L LPS
v deterioration of the intestinal barrier
E Aorta
v expansion of pathogenic bacteria mb T coz  Cos  Ooit  case  img w7
causing systemic increase in pro- - I T £ "1 Breoue
atherogenic metabolites (e.g LPS, 2 ﬁ i ’l‘ h ﬁ i =
T™ AO) H B N R =
. . . . E 11 Tnf oz Cols Cxcll  Cd36 ling ii17a
#+ Microbiota transfer from IL-23-deficient e B e i
1 W y22 >Loir"

Fold change

mice accelerated atherosclerosis

Fold change
I
n
—H
a
I
a

I

» Microbial depletion or IL-22
supplementation reduced inflammation

and amehorated dlsease' Fatkhullina et al, Immunity 2018
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Psoriatic arthritis

EULAR recommendations

Phase |

[ Clinical diagnosis of active PsA j

Consider consulting a

dermatologist in case of
major skin involvement

T
¥ I N

)

Polyarthritis (>4 swollen joints)

[ Predominantly axial disease ]

[ Mono/oligoarthritis ] [ Enthesitis ]
with or without dactylitis

poor prognostic factors present

—

|

[ NSAIDs +/- local glucocorticoid injections ]

[ NSAIDs +/- local glucocorticoid injections’ J

J

Achieve
target? within
< 4 weeks

Yes —,

J

Achieve
target? within
4-12 weeks

Yes —,

Continue and adapt

No
Phase II ¥

Start methotrexate®
or leflunomide
or sulfasalazine

Improved*
at 3 months
and target? achieved
at 6 months

Yes 1

Gossec L et al Ann Rheum Dis 2020

i | Continue®

Continue and adapt N

_
No
Phase lll J Enthesitis
l Predominantly axial disease
N2
Start bDMARD:
TNFiS or IL-12/238° or IL-17#; ‘ S;;r;ibg“l"l_pﬁg'
if BDMARD inappropriate: start JAKi \[/ (il pralies would e
(Consider using PDEAi in mild disease if P 5
to start a TNFi)
bDMARD and JAKi is inappropriate)
Improved*
l at 3 months
and target? achieved Yes ‘\]/
at 6 months
No
Phase IV Arthritis and/or enthesitis J Predominantly axial disease

l

Switch to another bDMARD’ or JAKi or PDE4i
(within or between classes)

=

|

Improved*
at 3 months
and target? achieved
at 6 months

Yes 1

Continue®

No

l

—

Switch bDMARD within or between

classes of TNFi or IL-17i®

|

Improved*
at 3 months
and target? achieved
at 6 months

Yes 1

Continue®

No




