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BIOLOGICS EVOLUTION

Sulfasalazi | Canakinumab
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(1930s) NSAIDs Methotrexate Gollmunab
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CAUSES OF HOSPITAL MORTALITY IN PATIENTS WITH RA AND
SLE IN A UNIVERSITY HOSPITAL: 1998-2015 ANALYSIS

Table 1. Hospital admissions and deaths per year. Data are n (%). Table 2. Montality causes in rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE). Data are n (%).
Rheumatoid Arthritis Systemic Lupus Erythematosus Etology RA.n=24 SLE.n= 191
Hospital Admissions, Deaths. Hospital Admissions, Deaths,
n =467 n=24 n= 863 n=191 Acute respiratory failure 7(29.1) 46 (24)
: Sepsis, unspecified 6(25) 39(20.4)
1598 6 (13 0 1922) o (3{'6’ Other sudden death, cause unknown 4(16.6) 27(14.1)
1999 12(2.6) 3(25) 38 (4.4) 6(15.8) Alveolar and paristoalveolar conditions 0(0) 17 (6.2)
2000 22(47) 0(m 21 (24) 4(19) = - ’ Zon
2001 14 (3) 0(0) 36 (4.2) 5(13.9) Cardiac u'mductmn disorder. unspecified 0(0) 947 l]
2002 17 (3.6) 0 (0) 22 (2.5) 2(9.1) Systemic mflammatory response syndrome of mfectious
2003 26 (5.6) 0 (0) 65 (75) 22(338)  0tiginwith organ failue 0(O) 1)
2004 33(7.1) 1 (3.03) 40 (4.6) 9(225) Cardiogenic shock I (4.1) 7(36)|
2005 28 (6) 1 (3.57) 64 (7.4) 32(50) Actdosis v +(2)
2006 27(5.8) 0(0) 39 (4.5) 7(17.9) Prneumonia, unspecified 0(0) 4(2)
2007 34(73) 0(0) 33(3.8) 9(27.3) Hypovolemic shock 0(0) 4(2) ]
2008 40 (8.6) 2(5 49 (5.6) 19(38.8) “Tacterial menmmgils, unspecilicd U S19)
2009 28(6) 00) 53(6.1) 8 (15.1) Disorder of central nervous system, unspecified 0(0) 3(1.5)
2010 24(3.1) 72947 60(7) 10(16.7) l Endocarditis, valve unspecified 0(0) 3(15 l]
ig:: {;‘ :;:: "(‘)b((;);' ;(l) Z;Z: :; : :??: TICUITIOTITIS TTOMT 100U Ang VoI T STy
TR TR g B S Chronic Kidney discase 0(0)
2013 41 (8.8) 6(14.63) 88(10.2) 15(17) 2 : e
2014 40 (8.6) 3(5) 66 (1.6) 16 (24.2) Histc l_&smml.\. uns ‘ccmcd 00
2015 17 (3.6) 0(0) 19 (4.5) 3 (1) Other lipid storage disorders 0(0)
Cardiac arrhythmia, unspecified 1 (4.1)

Cerebrovascular diseases 2 (8.3)
LRCO i Al cntion of rupture (XN
Pulmonary edema 0(0)
Other diseases of jaws 0(0)
| Dilated cardiomyopathy 00)
Hypertensive encephalopathy 00) 1 (0.5)
Interstitial pulmonary disease, unspecified 1 (4.1} 0 (0)

lCcnicul disc disorders 2(83) 0 )

David Vega-Morales J Rheumatol. 2018




RA and CV-risk and cytokines

TRADITIONAL RISK FACTORS
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Cumulative survival

Association between serum IL-6 tertile
and CVD mortality

0.99 Tertile 1
0.98 -
=1 Tertile 2
0.97
P E—
Tertile 3
0.96 —
0.95
0.94 P < 0.001 for trend
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Days of follow-up

In hospitalised patients with coronary
artery disease, increased serum IL-6
was statistically significantly associated
with all-cause and cardiovascular
mortality

Su D et alMediators Inflamm. 2013;2013:726178
Enagland BR et al, BMJ. 2018:361:k1036. Published 2018 Apr 23.



DM & RA

Prevalence of diabetes in patients with RA
25 A

B Controls MW RA

20 A

15 -

Prevalence of diabetes (%)

Crane 2015 Siebert2016 Ursini2016 Ruscitti 2017 Albrecht 2018

Crane MM, et al. Arthritis Care Res 2015,67:1646-55; Siebert S, et al. RMD Open 2016;2:e000267; Ursini F, et al.
Medicine (Baltimore) 2016;95:e2552; Ruscitti P, et al. Medicine (Baltimore) 2017;96:e7896; Albrecht K, et al.
Rheumatology (Oxford) 2018;57:329-36; Wild S, et al. Diabetes Care 2004;27:1047-53. Curtis J R et al, Arthritis
Care & Research Vol. 70, No. 11, November 2018, pp 1694—-1699
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ROLE OF IL-1 ON METABOLISM RELATED SYNDROMES: DM1e2

DM?2 Insulino-resistenza e insufficienza delle cellule beta Treatment of type 2 diabetes by targeting interleukin-1:
pancreatiche, le cui cause hanno componenti infiammatorie. a meta-analysis of 2921 patients
Fig. 1: Model for targeting IL- 13 in islets of patients with type 2 diabetes.
g <)
IL-1P decreases ——
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» py and Induces
: ; Poetipopon = /6‘9“ etal.  Rigker et al. N S
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DM1 risultati contrastanti. Marc Y. Donath et al, Nature Reviews Immunology (2019)

Yachana Kataria et al, Seminars in Immunopathology 2019



Mellitus

'Liﬁ Anakinra
(™

-

Defective intracellular trafficking of cholesterol
Expression of adhesion molecules

Leukocyte recruitment and extravasation
Impaired reactivity

Inflammation

Oxidation

Disfunzione vascolare IL-1-mediata e sua inibizione da
parte di IL-1Ra anakinra. Nelle cellule muscolari lisce
vascolari (VSMC), IL-1PB sinergizza con il elevati livelli di
glucosio extracellulare (HG) per esacerbare lo stimolo pro-

inflammatorio.

IL-18 Anakinra
IL-1R +

IL-1 and CV RISK

IL-13 Inhibition in Cardiovascular Complications Associated to Diabetes
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¢ Anakinra
e
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Cytokines (TGFB), ECM, ANP, BMHC,
IL- 18, TNFa, p53, Bak v INOS, Ca*'ATPase, PLB

COX2, PLPA2
VCAM1, Chemokines (MCP-1)
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Attivazione di IL-1B nel danno cardiaco. Dopo un danno
cardiaco come AMI o | / R, I'esacerbata espressione di IL-1B puo
indurre I'attivazione di NFkB e AP-1 e il conseguente aumento
dei geni proipertrofici, contrattili, inflammatori, apoptosi /
necrotici e fibrotici per le risposte autocrine e paracrine. Questi
effetti sono rinforzati nel miocardio diabetico e possono essere
stimolati dalla segnalazione di TNFa e TLR.

Concepcion Peir6 et al Front Pharmacol. 2017



CHANGE IN HbAlc SARILUMAB-INDUCED

TARGET MONARCH
A 0.3 4 B 0.3

£ 024 . 3 0.2 -

g 015 o g 01

£ 00; £ 00

§ 017 £ 01

5 02; 3 027

§ '03 " 5 .03 3

o °0.4 o - .04 .

s 05 - } . Between treatment

g ; Difference from 0.5 1 difference = -0.11

g 0.6 4 placedo =-0.3 S 064 p=0.0478

« 07 1 p=0.0035 g ' Between treatment

§ .08 - Difference from w 071 difference = -0.41

& ' placedo =-0.78 & -08 p=0.0192

E .09 {— Pucesos OMARD p<0.001 €

- 1.0 { = Seriumab 150mg q2w + DMARD - 0.9 4 Adalimumabd 40 mg Q2w

1‘1 — Sardumad 200 mg q2w ¢+ OMARD - «1.0 { = Sarumab 200mg q2w
Baseline Week 12 Week 24 -1.1
Baseline Week 12 Week 24
Placedbo+ DMARD n=31 n=31 n=20
Adatmumad n=17 n=16 n=14

Sarilumad 150mg " - -
+ DMARD n=26 n=26 n22 Sarilumab n=11 n=11 n=8

Reduction in HbA1lc in patients with RA and diabetes (per ADA criteria: baseline fasting glucose 27 mmol/L or
baseline HbAlc 26.5%; American Diabetes Association, Diabetes Care 2018;41(Suppl.1):S13-27

Genovese MC, et al, Annals of the Rheumatic Diseases 2019,;78:1128-1129.



2016 EUROPEAN GUIDELINES ON CARDIOVASCULAR DISEASE
PREVENTION IN CLINICAL PRACTICE

Time since diagnosis: 5-10 years
<1 year Recommendations Class* | Level® Ref<
10.0 4 10.0 7
275 7.54 The use of a 1.5 factor risk multiplier
8 50 K ' 5.0+ _ for CV risk in rheumatoid arthritis
< - | | ' : . lla 177
3 2.5+ I 254 l should be considered, particularly if
c . . e ’ .
j:i 0.04 004 ™ disease activity is high.
0 - =
E 1-<5 years >10 years The use of a 1.5 risk multiplier for
g il o CV risk in immune inflammatory
§ 7'5 | 25 ‘ diseases other than rheumatoid b 177
. [ ] arthritis may be considered on a =
5.0 ; 5.0 4 e e
| patient-by-patient basis, depending
2.5 I l 257 I on disease activity/severity.
0.0 —. - 0.01 = =

1997-2002 2003-2006 2007-2010 2011-2014 1997-2002 2003-2006 2007-2010 2011-2014

' Rheumatoid arthritis . General population

Piepoli M F et al, European Heart Journal (2016) 37, 2315-2381
Holmqvist M, et al. Ann Rheum Dis 2017;76:1642-1647



RA and CV-risk

3;: % 5 1 Relative risk of a future
-g % cardiovascular event
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Relative Risk of Cardiovascular Events among Apparently Healthy Postmenopausal Women According to Base-Line Levels

of Total Cholesterol and Markers of Inflammation.
Ridker PM et al, N Engl ] Med. 2000;342(12):836-843



SARILUMAB vs ADALIMUMAB - circulating biomarkers analysis

Adgz Qab 40 mg g2w M Sarilumab 200 mg q2w

A MOBILITY (+ MTX) TARGET (+ csDMARDs)2  MONARCH (monotherapy)?
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Gabay et al. Arthritis Research & Therapy (2020) 22:70 1.

Median percentage changes from baseline in biomarkers through week 24 Genovese MC, et al. Arthritis Rheumatol 2015;67:1424-37
2. Fleischmann R, et al. Arthritis Rheumatol 2017;69:277-90; 3.

Burmester G, et al. Ann Rheum Dis 2017,;76:840-7.



TESSUTO ADIPOSO e REUMATISMI INFIAMMATORI

Leptin Adiponectin oo Leptin
S N L TNFa Ad'ponm‘--t.m Thrombus §or
g | y . / e /:\’) : Adiponectin
§ A i 7 2 / 4 N B
'y \‘ / o hrou l ‘J ‘.\
| ED ] w{ Adhesion molecules l [ Ardhesion molecules I ".UF—D-—O-LSSC.%O? . ‘ ‘-‘. ) — / \
X / , L 4 - <> » .o Sy ‘\\ .
1 7 ' ; S S, L e <>
: M'CP:! ’ ‘n 'i ’ e ' » “\ “‘ Macrophage Endothelial cell Ca;‘!_io;vl—:cyte Fibroblast
! v gs i ' %\ '.:' W, VCAM-1 | TNFe | TNFo §
U Y : b .- e
; ‘ \‘%.-T/ '|| § oo :;f::::):;;‘::‘:‘ :c:-:'lk colhs 1
: : IL-6 ~— —_— —
TNFa Adiponectin [ Protection against tissue injury (heart, vasculature, and lung)
e Effetto pro-inflammatorio in AR (isoforma
Leptin N e s Y { r HMW)
N e  |L-6, VEGF e MMP-1/13 nei fibroblasti
sinoviali, condrociti, cell endoteliali, linfociti
LDL particle % Monocyte Foam coll - SMC 0 PAAT . e . . . .
oxLOL ® e * Aumentata in liquido sinoviale in AR
Cholestorol | @ Macrophage () Lymphocyte @ Necroticcelis  FG Thrombus « Livelli plasmatici correlano con s-PCR
* Effetto anti-inflammatorio su endotelio e fagocitosi . Associazione con progressione danno

* I Citochine anti-inflammatorie: IL-10 e IL 1-RA
* Regola insulino-resistenza e protegge da aterosclerosi

ra d 108 rafl co Wolf et al. Biochem. Biophys. Res. 2004

Liu et al. Int Immunopharmacol. 2015
Cao et al. Autoimmunity 2016



TESSUTO ADIPOSO e REUMATISMI INFIAMMATORI
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* Up-regulation in pazienti con AR erosiva
Lee et al. Z Rheumatol 2016 Associazione con durata di malattia e DAS-28

Tousirot et al. Life Sci. 2015



ALTRE ADIPOCHINE e AR

e CHEMERINA: Adipociti, liguido sinoviale, endotelio sinoviale in AR;
Attivita infiammatoria stimolata da TNF-a e INF-y—=> produzione
sinoviale di IL-6, CCL2 e MMP-3; marker di attivazione endoteliale,
angiogenesi e aterosclerosi in AR

* RESISTINA: tessuto adiposo e macrofagi attivati (IL-1, IL-6, TNF-a,

LPS); insulino-resistenza; funzione endoteliale (TNICAM-1); livelli
sinoviali T~ in AR

* VISFATINA (Pre B-cell colony enhancing factor): Leucociti—=> Tessuto
adiposo viscerale; fibroblasti e macrofagi—=2> TMIL-6, IL-8, MMP-1/3 e
TNF-a; livelli sierici e sinoviali associati con s-FR, attivita di malattia
e progressione radiografica

Carrion et al. Int J Mol Sci. 2019;

Lee YH et al. Int ] Rheum Dis. 2018;
M?%Donald et al. Int J Mol Sci. 2019;

Fatel et al.Adv. Rheumatol 2018;

Tolusso et al. Expert Rev Clin Immunol. 2016



ALTERAZIONE DELLASSETTO LIPIDICO IN AR

Dislipidemia precede manifestazioni cliniche
Diminuzione paradossa di LDL in AR attiva

 TNF-alpha e IL-6 = foam-cells = piccole LDL

ossidate o acetilate = M aterogenicita
MHDL pro-infiammatorie (fibrinogeno, SAA ecc.)

OBESITA’ E AR

Neutrofili: TML-8* articolare in topi early collagen-
induced arthritis (CIA) obesi

Macrofagi: TN infiltrazione tissutale (M1) in obesita

Linfociti T: T nel grasso viscerale degli
obesi—=>differenziazione TH-17 patogenica (IL-1, IL-
6, IL-23)
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. »
Inflammatory cell
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Robertson et al. Nat. Rev. Rheumat 2013
Myasoedova et al. Ann. Rheum. Dis. 2010
Kim et al. Ann. Rheum. Dis. 2016;

Lee et al. Arch. Pharm. Res. 2013;

Endo et al. Mol. Life Sci. 2017



METABOLIC EFFECT OF RA THERAPY:
altered adipokine levels and insuline sensitivity

IFX { resistina
Anti-TNF I adiponectina in alcuni studi
= leptina

J Leptina/adiponectina (marker di resistenza all’insulina e s. metabolica)
in corso di bDAMRDs

DAMRDs+corticosteroidi nel primo trimestre migliora la sensibilita
all’insulina e la dislipidemia

Anti TNF 1 sensibilita all’insulina

Kerekes, G. at al. Nat. Rev. Rheumatol. 10, 691696 (2014); published online 5 August 2014,



THE LANCET, Ocrouns 18, 1878,

ON THE

NERVOUS MIMICRY OF ORGANIC

DISEASES,

Delivered at- St. Bartholomew’s Hospital,

By Sir JAMES PAGET, Barr, F.R.S,

CONSULYING SURGEON TO THE HOSPITAL,

Ammals of the Rhaumatic Msearar 1997:562326-329
Prevalence of low body mass in rheumatoid

arthritis: association with the acute phase response

R Munro, H Capell
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Figure 2 Arm muscle and fat area percentiles versus normal controls.

1/8 sottopeso vs 1/20

Results—13% of the RA group fell into the
lowest Sth centile for BMI for the general

population. The loss of body mass was
greater for lean tissue than fat, with over
507% of the RA group Ialling into the [owest
10th centile of a reference population for
the upper arm muscle area. Female
patients who lost greater than 15% of their
initial weight had _higher health assess-
ment questionnaire (HAQ) results than
the rest of the group (p=0.020). In female
patients there was a significant correla-
tion between reduced fat free mass and the
acute phase response (ESR p=0.016 and
CRP p=0.003)

Conclusions—There is an increased
prevalence of low body mass, greatest for
lean tissue, in the RA population. In the
female group there was an inverse relation
between the acute phase response and fat
free mass. Female patients with RA who
lose a significant amount of weight are
more disabled as assessed by HAQ.




J Bheurmatal. 1992 Oct 130103150510,

Rheumatoid cachexia: depletion of lean body mass in rheumatoid arthritis. Possible association
with tumor necrosis factor.

Roubenoff R’ , Boubenoff BA, Ward LR, Holland Sk, Hellrmann DB,

RESULTS: YWhen compared to United States population norms, 16 of the subjects (67%) were cachectic. In regression models, lean body mass
(LEM] was inversely associated with the number of swaollen joints (p = 0.025]). Elevated ThE-alpha was found in 3 of & flaring patients vs 0 of 18
patients with less active disease (p = 0.001). These 3 were all cachectic, while the 2 flaring patients without detectable THNF had normal LEM (p
< [1.04). Among the whale group, there was a trend toward increasing disability with decreased LEM after adjusting for joint pain and disease
duration (p < 0.07).

J Clin Invest. 1994 Jun;93(R)2379-86.

Rheumatoid cachexia: cytokine-driven hypermetabolism accompanying reduced body cell mass in
chronic inflammation.

ng/mi

Rouhenoff B! , Roubenoff BA, Cannon JG, Kehayias JJ, Zhuang H, Dawson-Hughes B, Dinarello CA, Bosenberg IH.
Editorial 2 : A— -
Rheumatoid cachexia: a complication of rheumatoid arthritis e ; Z
moves into the 21st century g 2
Ronenn Roubenoff!:2 S . g

Loss of fat-free mass and higher fat mass are = é
each associated with greater disability in RA [7], and low 9 é
body weight (that i1s, both fat and fat-free tissue) in patients : s é
with RA is associated with threefold higher mortality [8]. 5f g
Thus, rheumatoid cachexia may be an important contributor é
to increased morbidity and premature mortality in RA. For example, the inflammatory o o T:“ 1 L 0

cytokmes. tumor necrosis factor CNF)-G and ' IL-1 B. are  piure 2. Production of TNF-x (leff) and IL-18 (right) in subjects
centrally involved in the pathogenesis of RA, but, in addition,  with RA (open bars) and in controls (hatched bars) with increasing

these cytokines exert a powerful influence on whole-body concentration of LPS (nanograms per milliliter). Significant differ-

- : : ences between RA and control cells were seen for TNF at all four
protein and energy metabolism. Other sarcoactive molecules | /1 € .\ & @ and for IL-1 at 1 and 10 ng LPS only. *P < 0.05;

include IL-6, IFN-y, transforming growth factor-B1, and MyoD ssp < g01.




Blockade of tumour necrosis factor-o in rheumatoid arthritis:
effects on components of rheumatoid cachexia

G. S. Metsios' ™, A. Stavropoulos-Kalinoglou'?, K. M. J. Douglas®, Y. Koutedakis®, A. M. Nevill',
V. F. Panoulas’, M. Kita® and G. D. Kitas'?

Tase 2. Mean+s.0. and differences in the studied body composition and
disease-related vanables between the three different times of assessment

Dopo 12 settimane di terapia anti-

Time-1 Time-2 .
Baseline (2 weeks) (12 weeks) P TNF nessun cambiamento
Body composition assessment ionifi i i i
Weight (kgg 794 4+£156 B80.4 4+16.2 78.8 +16.6 =>0.05 Slgnlflca.UVO nel RRE (dlSpendIO
BMI (kg/m-) 28.3+37  286+38 28.1+4.1 ~0.05 energetico a nposo) o hella FFM
Total body fat (%) 388475 365469 3604+L74 =0.05
Truncal fat (%) 359467 37.446.53 36.7+6.4 0.036 (massa muscolare magra).
FFM (kg) 5094+ 127 5054124 5114125 =0.05
RA-related assessments
CRP (mg/) 33.74+£344 17.74£119 15.34+ 189 =0.05
ESR (mm/1st h) 41.74+£256 2214169 18.34+ 154" 0.002
HAQ 1.83+£0.3 1.544+0.3" 141404 <0.001
DAS28 566+£0.7 4644+06" 3.594+0.7" <0.001
TNF-a (pg/mi) 38.1+41.1 22.24+26.8 8.9+ 10.2° 0.024

P=lavel of significance between times of assessment using repeated-measures ANOVA.
Difference from baseline assessment: **P < 0.001 and "P < 0.05.

Rheumatology 2007:46:1824- 1827
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Obesity in autoimmune diseases: not a passive bystander.

versini W' Jeandel P2, Rosenthal B2, Shoenfeld ¥7.

erythematosus (SLE), inflammatory bowel disease (IBD), multiple sclerosis (MS), type-1 diabetes (T10), psoriasis and psoriatic arthritis (FsA),

relationship between obesity, adipokines - namely
leptin, adiponectin, resistin, visfatin - and various immune-mediated conditions, including rheumatoid arthritis (FA), systemic lupus

and thyroid autoimmunity (TAD, especially Hashimaoto thyroiditis (HT). The strongest levels of evidence support an increased risk of FA (OFE=1 2-
247, M35 (OFE=2), psoniasiz and PsA(OR=148-6.46) in ohese subjects. A higher risk of IBED, T10 and TAl iz also suggested.

. Moreover, ohesity
WOrsens the course of BA, SLE, IBD, psoriasis and PsA, and impairs the treatment response of BA, IBD, psoriasis and PsA. Extensive clinical

data and experimental models demonstrate the involvement of adipokines in the pathogenesis of these autoimmune diseases. Ohesity appears

to be a major environmental factor contributing to the onset and progression of autoimmune diseases.

L'OBESITA IN RA E STATA TROVATA
PREVALENTE NEL 18-31% DEI PAZIENTI, NEL
COMPLESSO LEGGERMENTE MAGGIORE
RISPETTO ALLA POPOLAZIONE GENERALE.
UNA CONDIZIONE DI SOVRAPPESO E STATA
RILEVATA IN PIU DEL 60% NEI PAZIENTI RA

Gremese et al. Front lmmunol. 2014 &: 576,
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FIGURE 1 | Distribution of BMI categories among an Italian cohort of
adult Jutoimmune disease patients
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Body mass index distribution in rheumatoid
arthritis: a collaborative analysis from three

large German rheumatoid arthritis
databases

Table 2 Distribution of the body mass index (BMI) by sex and age groups (%)

Cohort BMI Females Males
kg/m?) 40-<55 55- <70 >70 Total 40-<55 55- <70 >70 Total
CAPEA <185 10 10 29 14 09 08 06
185 to <25 404 342 331 363 357 248 320 306
25 to <30 327 346 425 358 438 520 450 472
230 260 302 216 265 196 224 230 217
RABBIT <185 26 1.7 20 21 05 07 05 06
185 to <25 432 372 382 396 300 272 339 293
25 to <30 208 353 368 336 455 467 499 468
>30 244 258 23 248 24 253 158 233
NDB <185 20 12 24 18 10 03 07 06
185 to <25 489 406 408 428 354 254 348 313
25 to <30 260 343 365 330 439 498 484 478
>30 231 239 203 224 197 244 160 202
DEAS <185 11 14 12 12 03 01 05 03
185 to <25 549 434 36.7 457 344 269 286 208
25 10 <30 299 368 399 352 494 519 528 514
230 14.1 184 222 179 159 211 182 185

i pz AR erano significativamente piu
obesi dei controlli

Albrecht et al. Arthritis Research & Therapy (2016) 18:149
DOI 10.1186/513075-016-1043-9

Shudy
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Lahiri ot al., 2014, UK
Harpsoa ot al., 2014, Denmark
Wasley &t al., 2013, Sweden

Growsan et al, 2013, USA i §
Rosoll of ol 2008, Swoden
Rodriguaz of al, 2000, UK ~=
Padersen et al., 2008, Denmark —
Uhlig of al. 1000, Norway <
Symmons ot al . 1987, UK
Hellovaara et al, 1863, Finland < @—1—
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* in presenza di fattori di rischio le donne obese
hanno una piu elevata probabilita di sviluppare AR

* in particolare se BMI>30 e sieronegative per

ACPA

* nel gruppo obeso vi era minore probabilita di
raggiungere una remissione, il mantenimento
della remissione indipendentemente dall’'uso di

DMARDs, steroidi e bDMARDSs
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AGURE 2. Adqusted rdative risks of rheumatad arthritis for obesity compared to normal weight,
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Lu etal, 2014, USA 118(098.1.42) 82
Lahiri et al, 2014, UK 121(095,1.54) 71
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Wesley ot al, 2013, Sweden 08091, 105 104
Rosell et al, 2009, Sweden 103055, 1.13) 102
Rodriguez et al, 2009, UK 058 (083 1.18) &
Pedersent et al,, 2004, Denmark 1160097137 a6
Corhan et al, 2002, USA 102{082,1.27) 76
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FAIGURE 4. Adjusted relative risks of rheumatoid arthritis for every 5ka/m? increase in body mass index



High Body Mass Index Negatively Impacts Time to
Achieving Sustained Remission in Early Rheumatoid
Arthritis: Results from a Multicenter Early Arthritis Cohort
Studv

TABLE 1: Multivariate Analysis about the Relationship between Time to Sustained
Remission and the Variables of Interest using Cox Regression™

pz obesi e sovrappeso hanno minore probabilita di
raggiungere remissione sostenuta rapidamente cosi
come PDN nel primo trimestre N elevato di
comorbidita;

MTX primo trimestre, peso normale e DAS28 < 3.2
correlano con maggiore probabilita di remissione
sostenuta

Hazard ratio Estimate
Parameter s 95% Confidence Interval p-value
Estimate

BMI Overweight vs Normal 0.75 0.59 0.97 0.03
BMI Obese vs Normal 063 (048 082 0.0008
HAQ-DI 0.81 065 101 0.06
Pain(0-10) 0.99 094 104 074
TASIS 32y Gmenths 421 333 532 <0.0001
(Yesvs No)
Age 1.00 099 1.00 022
Gender (Female vs Male) 0.80 0.63 1.00 007
Ethnicity

- . ; 0.72 051 1.02 0.06
(Non-Caucasian vs Caucasian)
Education ~high school 1.61 1.00 258 0.05
Neaver/Ex smoker 1.35 099 184 006
Symptom Duration 1.00 1.00 1.00 088
CRP 1.01 1.00 101 0.14
Number of co-morbidities 0.91 009 098 0.007
MTX 1°* 3 months 1.40 1.05 187 0.02
Steroids 1*' 3 months 0.76 06l 095 0.01

Kaplan-Meier Curve

Probability not Achieving Sustained Remission

0.2 +

I I | 1 1 I I 1

0 3 6 9 12 18 24 36
time

Nommal ———: Obesg — - — ()\'cn\'ciw

Arthritis Rheumatol. 2015; 67 (suppl 10).
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A high body mass index has a protective effect on the amount of joint destruction in small joints

in early rheumatoid arthritis.

RESULTS: Obhesity did not influence the likelihood of developing RA. In hoth BA cohorts, the BMIwas inversely correlated with the Sharp-wan der
Heijde score after 3 years' follow-up (r=-0.15, p = 0.025 for the Leiden EAC and r=-027, p=0.001 for the replication cohort). Linear regression
analyses in both cohorts showed that the BMIwas independently and inversely associated with the level of joint destruction in anti-CCP-positive

patients with B4, but not in ant-CCP-negative patients.

The Association of Body Mass Index (BMI) and Radiographic
Progression of Joint Disease in Rheumatoid Arthritis (RA)

Association of BMI and radiologic progression of joint disease in RA

Multivariate Logistic Regression Model*®

BMI (underweight vs. Obese)

BMI (Normal vs. Obese)

BMI (Overweight vs. Obese)

DAS28-CRP4 (continuous)

Anti-CCP Positive

*adjusted for age and gender

**test for trend of BMI group and radiologic progression p=0.0006

Odds Ratios

4.85

3.99

1.65

1.28

1.85

Confidence Intervals

1.34-17.53**

1.76-9.05

0.68-4.02

1.08-1.51

0.96-3.57

Pz sottopeso e normo peso 4* probabilita di
progressione radiografica



Examining the Obesity Paradox in Patients
With Rheumatoid Arthritis

Linda Peckel ) . . . I
Having a high BMI [body mass index] may increase the likelihood of

developing RA in those who are genetically susceptible, and decrease the likelihood of achieving
sustained remission for those with active RA

At the same time, however, patients with obesity also have a lower risk for mortality from RA than
patients of normal weight. In what is widely known as the “obesity paradox. patients with RA with a

BMI >30 kg/m? live longer than patients with BMI <30 kg/m?.1:2
this paradox may be due to rheum

cachexia, whereby the ratio of fat to lean body mass is altered by RA disease activity.

there is a clear effect on damage mediated through impact and weight that can accelerate

joint damage

Weight Loss, the Obesity Paradox, and the Risk of Death in

Rheumatoid Arthritis
Rate of change in BMI over the previous interval and nisk of subsequent d

Rate of change in BMI (no. of observations) Risk of death P

Figure 1.
Lowess curve illustrating the mean body mass index and 95% confidence interval prior to
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Years Prior to Death or Data Extracti

No weight loss (8,000)

0—=2 kg/m? loss/vear (6,541)
2-3 kg/m? loss/year (1,067)
=3 I-:g.-'m:'-' loss/year (1.421)

1 (reference)

1.12(0.85-1.49) 0.4
1.65(1.09-250) 002
249(1.73-3.57) =0.001

the date of death in patients who died compared with those who survived to the date when

the database was queried.

Arthritis Rheumatol. 2015 July ; 67(7): 1711-1717. doi:10.1002/art.39136.



Rheumatoid arthritis and metabolic
syndrome

Kerekes, G. et al. Nat. Rev. Rheumatol. 10, 691-696 (2014); published online 5 August 2014;

M circonferenza vita

ALTERAZIONI QUANTITATIVE

* AR preclinica e early: profilo tipico della sindrome metabolica
(Col tot =/*; LDL e TGD 1, HDL )

* AR consolidata: |, grasso bianco s.c., * grasso viscerale
* AR attiva: ' LDL e colest tot

ALTERAZIONI QUALITATIVE

* Modifiche fenotipiche LDL = Lipoteina (a), una particella LDL
legata all'apolipoproteina A, & un fattore di rischio moderato
indipendente per CVD (piu sensibili a stress ox) che risulta T
™ nei pz AR.

» Alterata distribuzione delle subfrazioni HDL con MHDL2 da
iper TGD e ' HDL3 a aumentata clearance; pro-inflammatorie

* Alterazioni della funzione HDL: difesa dell'ospite vs funzione
metabolica

 { potere anti-ox

Kerekes, G. et al. Nat. Rev. Rheumatol. 10, 691696 (2014); published online 5 August 2014;

, IA, alterata glicemia a digiuno o insulino-resistenza e dislipidemia

tt Substantial increase
t Increase

= No change

} Decrease

}4 Substantial decrease

Early RA
t Subcutaneous fat mass
t Visceral fat mass
= Muscle mass
t BMI
Presence of clinical activity
Moderate or high level
of inflammation
Increasing joint destruction
t TG
t TC
t LDL cholesterol
} HDL cholesterol
t piHDL, sdLDL, Lp(a)

LI IRV S BTN R N

Pra-RA

{ Subcutaneous fat mass

t Visceral fat mass

= Muscle mass

t BMI
Lack of clinical activity
Low level of inflammation
Little or no joint destruction

t1G

tTC

t LDL cholesterol

} HDL cholesterol

t piHDL, sdLDL, Lp(a)

1/= Leptin:adiponectin ratio

B

Highly active, therapy-resistant RA
J} Subcutaneous fat mass
t Viscaral fat mass
}} Muscle mass
H BMI
High clinical activity
High level of inflammation
Aggressive joint destruction
TG
}TC
} LDL cholesterol
| HDL cholesterol
t piHDL, sdLDL, Lpia)
{ Leptin:adiponectin ratio

Well-controlled RA
} Subcutaneous fat mass
t Visceral fat mass
} Muscle mass
= BMI
Controlled clinical activity
Low level of inflammation
Little joint destruction
t1G
t 1C
t LDL cholestarol
't HDL cholesterol
|} piHDL, sdLDL, Li{a)
= Leptin:adiponectin ratio

Obese RA
= Subcutaneous fat mass
t Visceral fat mass
} Muscle mass
t BMI
Maderate clinical activity
Moderate level of inflammation
Little joint destruction
=TG
=TC
= LDL cholesterol
} HDL cholesterol
t piHDL, sdLDL, Lp(a)
t Leptin:adiponectin ratio




Table 1 | Independent effects of various RA-related factors on lipid levels
Factor Cholesterol Triglycerides References
Total LDL HDL

Patientrelated

Obesity and/or metabolic t t | t 6,8,11,15,18,20
syndrome

Sedentary lifestyle t t A t 68,18

Ageing | } t } 8

Smoking = = 3 - 8
Disease-related

Acute high-grade inflammation bor= bor= | t 1682351
Chronic high-grade inflammation | { | } 68,2351
Rheumatoid cachexia } } | W 6,11,12,15,16
Treatment-related

Highdose, longterm t t | t 6,8
corticosteroids

Low-dose corticosteroids = = f = 6.8
Methotrexate tor= tor= ¢ = 8,29,49
Sulphasalazine t = t = 8,29,49
Hydroxychioroquine bor= lor= for= lor= 8,49

Biologic therapies t t f t 6.8,10,39,45,46 48,50

Abbreviations: =, no change; 1, increase; 4, decrease; W substantial decrease; RA, rheumatoid arthritis.

Kerekes, G. at al. Nat. Rev. Rheumatol. 10, 691-696 (2014); published online 5 August 2014,



METABOLIC EFFECT OF RA THERAPY: rheumatoid cachexia and obesity

TNE-i IL-6 & JAK-i

Rheumatoid cachexia can persist in patients Particularly pronounced increases in cir-
receiving biologic therapy even after the culating lipid levels have been associated
improvement of arthritis symptoms. In a with the anti-IL-6R antibody tocilizumab
study of 20 patients with RA and 12 healthy and the Janus kinase inhibitor tofacitinib.>#7
individuals, anti-TNF therapy in the RA However, according to the lipid paradox, the

elevations in lipid levels observed during
treatment with these agents, as well as with
anti-TNF biologic therapies, might reflect
their potent suppressive effects on CRR4%

group resulted in an improvement of physical
activity and protein intake but not in energy
expenditure or lean body mass.* Further
prospective studies in this field are needed.

Treatment with anti-TNF agents and other )
biologic therapies may result in elevations of

lipid subfractions

Indeed, some investigators
reported that although short-term ang;mp ApoB:ApoAl ratio, a biomarker used for
treatment increased lipid fractions (includ- ([~ CVD risk stratification, remained unchanged
ing total cholesterol, triglycerides, LDL in most treated patients with RA %

cholesterol and HDL cholesterol levels),
the atherogenic index—defined as the total
cholesterol:HDL cholesterol ratio—remained
unchanged.®*

Kerekes, G. et al. Nat. Rev. Rheumatol. 10, 691-696 (2014); published online 5 August 2014;
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Impact of obesity on the efficacy of different biologic agents in inflammatory diseases: A
systematic review and meta-analysis.

" S N

Shan J', Zhang J?.

Table 1 . - -
Characteristics and main findings of included studies: obesity and clinical response to anti-TNF agents in AS or axSpA patients.
Parients Groups (n) Reported outcomes Study design
Refs Rheumatic  Obese Female BMItiming Therapy: Obese  Over Normal Clinical Other Clinical response Type of Duration
disease(n) & R anti-TNF weight  weight response was assessed by study [months)
agent(n)
Ottaviani et al, AS(155) 245 6.7 Baseline IFX 38 54 63 BASDAISO%" BASDAIZOY BASDAIZOX'  BASDAISO response  Retrospective 6
2012 (26| rate (¥}and cohort
BASDAIZ0%;
BASDAI70%*
Obese 265" 412% 59%
Overweight’ 48.9%° 7.2% 29 8%’
Normal 77.6%° 84.5%" 48.3%"
weight”
P<0.001" £<0.001" P<0.001°
Rosas et al., 2017 AS(57) 263 35 At ADA (57) 15 25 17 Obese | Blood ADL BASDAl inddex and  Cross- -
|27 treatment Achieving levels | the ASDAS ESR sectional
BASDAL < 4 P-0.032 index* study
(P=0.05) Anti-ADL
Achieving Abp=0.13"
ASDAS = 2.1
(P=0.02)
Gremese et al. Axial SpA 135 306 Baseline IFX{104) 23 55 92 BASDAISOX BASDAISO response  Retrospective 12
2014 25| (170) ETA(3Y1) Obese: rate %y cohort
ADA (35) 30.4%;
Overweight:
54.5%;
Normal
weight:
72.8%
P<0.001"
Micherali et al,, Axial SpA 14.1 78 Baseline IFX{137) 88 204 332 ASAS40W BASDAISOR' ASDAS<2.1% BASDAISD response  Retrospective 12
2017 | 28] (624) ADA(215) rate (%) cohort
ETA (167) ASAS40 response
GOL(105) rate (%)
ASDAS ESR index*
Obese’ 29%° 338 25%
Overweight” 34%’ 40%° 41%
Normal 447 48%° 56%
weight”
P=0.02" P=0.06° P<0.001*

AS: ankylosing spondylitis; axSpA: axial spondyloarthritis; ASAS: Assessment in SpondyloArthritis International Society: ASAS40: 40% improvement according to ASAS; BASDAL Bath ankylosing spondylitis disease activity index:
BASDAIS0: 50% improvement according to BASDAL; anti-TNF agents include infliximab (IFX), adalimumab (ADA), etanercept (ETA), certolizumab (CTZ) and golimumab (GOL).

* Significant difference between groups.



IMPATTO DEL BMI SULLA RISPOSTA AGLI ANTI-TNF
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Figure 2. Percentage of Disease Actiwity Score In 28 joints
Figure 1. Percentage of Disease Activity Score in 28 joints (DAS28) remission in obese and nonobese theumnatoid arthritis
(DAS28) remission at the 12th month of anti-tumor necrosis patients treated with adalimumab (ADA), etanercept (ETA), and
factor e: therapy in rheumnatoid arthritis patients according to body infliximab (IFX). None of the obese patients responded to IFX.
mass index (BMI) categories. EMI = body mass index.

Aliment Pharmacol Ther. 2017:46:883-891.
Jamacad Dermatol. 20019 A0g 7. pii: S0190-9622{19324938-3. doi: 101016/).jaad. 2019.07.103.
J Dermatal. 2018 Sep;45(93:1130-1134. doi: 1011111 346-8138.14526.

Clin Rheumatal. 2017 Dec; 3601 2 26559-2665. dai: 10.1007/510067-017-3788-1.
Arthritis Care Ees iHohoken), 2013 Jan;B5017:94-100. doi: 10.1002facr21 TGS,
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1.1.1 Anti-TNF agents

lannone 2015 1" 66 4 117 464%

Gremese 2013 10 66 184 675 536%
Subtotal (95% C1) 132 692 100.0%
Total events 2 228

Heterogenelly: Tau®= 0.00; Chi*= 0.07, df= 1 (P= 0.80); F= 0%
Test for overall effect Z= 397 (P « 0.0001)

1.1.2 Abatacept
DAgostino 2017 85 433 262 1023 923%
Gardelte 2016 8 39 19 102 7.7%
Subtotal (95% CI) a2 1125 100.0%
Total events 103 280

Heterogenelly: Tau™= 0.00; Chi*= 062, df= 1 (P= 0.43); F= 0%
Testfor overall eflect Z=132(P=0.19)

1.1.3 Tocilizumah
Gardefte 2016 7 25 30 80 382%
Pers 2015 13 32 7T 175 61.8%
Subtotal (95% CI) 57 265 100.0%
Total events 20 101

Heterogeneity. Tau®= 0.00, Ch*= 0,16, df= 1 (P= 0.89), F= 0%
Test for overall effect Z=0.31 (P=0.76)

1.1.4 Rituximab

lannone 2015 1 15 3 24 100.0%
Subtotal (95% C1) 15 24 100.0%
Total events 1 3
Helerogeneity: Not applicable

Testfor overall effect Z=1.73 (P = 0,08)

Odds Ratio Odds Ratio
0.3310.16,0.70) ——
0.3810.19, 0.76} ~i—
0.36 [0.21, 0.59] G
0.8210.62,1.07)

1.20 }0.48, 3.05)

0.84 [0.65, 1,09]

0.78 10.29, 2.07]

1.0010.47, 2.16)

0.91[0.50, 1.66]

0.1410.02, 1.29) .

0.14 [0.02, 1.29) -

0.005 0.1 1 10
Favouwrs [non-obese] Favours [obesaj

200



b obese non.obese Odds Ratio Odds Ratio

1.2, TNF agents
lannone 2015 28 66 80 117 1000% 034018 0.64] t
Subtotal (95% Cl) 66 117 100.0%  0.34 (0.8, 0.64]
Total events 28 80
Helerogeneity. Not applicable
Test for overall efflect Z = 3.38 (P = 0.0007)
1.2.2 Abatacept
Gardette 2016 8 39 18 102 202%  1.20(0.48, 3.05) o
Marlettes 2017 41 155 179 480 70.8% 0620042 093} . 2
Subtotal (95% C1) 194 590 100.0%  0.75[0.42, 1.36) =
Totai events 49 197
Heterogeneity: Taw® = 0.09; Chi*= 1.65, df= 1 (P = 0.20); F = 38%
Test for overall effect Z = 0.04 (P = 0.35)
1.2.3 Tocizumab
Gardette 2016 1125 38 90 100.0%  1.08[0.44, 2,63 t
Sutitotal (95% C1) 25 90 100.0%  1.08[0.44, 2.63)
Total events 1" 38
le Not micahlo
Test for overall effect Z= 0.16 (P = 0.87)
1.2.4 Rituximab
tannone 2015 4 15 16 24 1000%  0.180.04,0.75) .
Subtotal (95% Cl) 15 24 1000%  0.18[0.04,0.76)
Total events 4 16
Heterogeneity. Not applicable
Test for overall effect Z= 2.35 (P = 0.02)
0.005 01 1 10 200

Favours fnon-obase] Favours fobasa)



C Age
Sex
Race
Region

Weight

BMI, Ab and SARILUMAB

Odds ratio (95% Cl) for ACR20 response by subpopulation at week 24.
Sarilumab 200 mg g2w vs. adalimumab 40mg g2w in MTX-IR/INT patients.
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l Wit
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Smoking history

Duration of RA

RF
ACPA

Baseline CRP

Baselino ESR

Prior csDMARD

MTX history

Baseline glucocorticold use
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Genovese et al. Arthritis Research & Therapy (2020) 22:139



BMI and SARILUMAB

Sarllumab better Placebo better

< -
BMI <25 kg/m? (n=354) - — =

BMI 225 to <30 kg/m”* (n=365) ‘ e

BMI 230 kg/m? (n=343) Kk =

Prior biclogic use (n=296) : - ,

No prior biologic use (n=767) S— T

CRP leval 15 mg/L (n=550) "

CRP level >15 mg/L (n=513) ; = ¢

Duration of RA <3 years (n=267) T R

Duration of RA >3 to €10 years (n=416) AP RTR

Duration of RA >10 years (n=380) I . v s
Smoking history (n=279) e et S

No smoking history (n=783) P |
Baseline mTSS <25 (n=531) : o wr

Basaline mTSS >25 (n=532) 3 S .

@ Serilurmab 150 mg q2w ve placebo

@ Sarilumab 200 mg q2w vs placebo

8 6 -4 2 0 2
LS mean difference, 95% Cl|

Genovese et al. Arthritis Research & Therapy (2020) 22:139



JAK-I

DASZ8 score <2.6, were 11% for cbhese patients, 24% for overwelght patients, and 20% for normal weight
patients. Theregression model indicated a significant negative effect of cbhesity onlow disease activity
achievement compared with normal weight.

Meitherthe
dosage of JAK inhibitors nor combination/mono-therapy had an effect on treatment response.

Chbesity but not overweight had a negative impact on the achleuement ot
LDA in RA patients treated with JAKI.

ACRARRP 2018



BONE LOSS THROUGH OSTEO-IMMUNE NETWORK

* Thl e Th2 secernono IFN-y e IL-4
rispettivamente portando all'inibizione
dell'osteoclastogenesi.
* Treg = IL-10, CTLA4 (che puo legarsi a
CD80 / CD86 sui precursori degli
osteoclasti) che promuovono lI'apoptosi e
(..*;m I'inibizione del riassorbimento osseo.
l” * Thl7 - citochine osteoclastogeniche
L, (IL-1, IL-6, IL-17, TNF-a), portando cosi a
| una maggiore osteoclastogenesi e
perdita ossea.

Seter i * | linfociti B producono OPG che blocca
I'espressione di RANKL
N P— — * Macrofagi, DC e monociti secernono
~Suily gpeiy é i - TNF-q, IL-1 e IL-6 = osteoclastogenesi
v ™ 2 Treg - Macrophages N osteocyle ® e

4
Y ™ B Nedrozhils WL Cendritic cells )  Daecbizt @ Crondrccyte ®  aaNML

Hamid Y Dar et al, Front Biosci (Landmark Ed) 2018



* © apoptosi degli osteoclasti attraverso la chinasi mTOR / S6

TNF-a

I differenziazione OC tramite attivazione di NFkB pathway da

parte di RANK/RANKL

™ I'espressione di M-CSF e RANKL in diverse cellule bersaglio,

inclusi gli OB, cellule T e B, promuovendo indirettamente la
differenziazione degli OC

I Apoptosi OB
J  differenziazione e attivazione OB tramite NFkp pathway

* sovraregolazione degli inibitori della proteina 1 (DKK1) e della
sclerostina con conseguente inibizione della via della Wnt/[3-

catenina

Vivian K. Kawai et al, 2012



Clinical Rheumatology (2020) 39:167-175
https://doi.org/10.1007/510067-019-04771-3

Effects of 1-year anti-TNF-a therapies on bone mineral density

and bone biomarkers in rheumatoid arthritis and ankylosing
spondylitis
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6 12 50 - EAS
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) 0 4 B o i | e bt i
P1NP procollagen type | N-propeptid 0 6 12
CathK cathepsin K months
T CTX C-terminal telopeptide

DKK-1 Dickkopf-1
ORA+AS  5OST sclerostin
CRA PTH parathyroid hormone

HAS

OC/CTX

No relevant change
OPG/RANK-L

With respect to the RANKL pathway, in the full cohort or
in RA or AS patients, SRANKL and OPG levels did not show
any differences during anti-TNF therapy. In addition, Ca, P,
vitamin D3 and PTH levels also did not change during the 1-
year period (data not shown).

K. Gulyas et al. 2019



Curr Opin Rheumatol. 2012 Scptember ; 24(5): 576-585. doi:10.1097/BOR.0b013e¢328356d212.
Effects of Anti-Tumor Necrosis Factor a (anti-TNF) agents on * Tp convenzionale I perdita ossea mani vs

Bone gruppo 4
Table 3 Median (IQR) BMD change in the hands, hip and spine, in percentages of baseline, in the four
treatment groups after 1 and 2 years of follow-up * Questa differenza e rimasta significativa
Sequential Initial combination  Initial combination . . . e e .
@_) meonotherapy Step-up combination with prednisone  with infliximab dopo aggiustamento per antiriassorbitivi, ma
(group 1) therapy (group 2) (group 3) {group 4) . ”, |' . tat
BMD loss in hands e Scomparsa quando nell analisi e stato
After 1 year 26 (-S54w 08 -17(-51w-01) -0B(-221003 -03(-28w05 jncluso il cambiamento nell'attivita della
After 2 yaars -36(-68to —14) —-33(-68tc —-02) —14(-54t0 —-0.1) —-16(-47tw 0.3) .
BMD loss in hip malatt|a .
After 1 year -16(-351 1.1) -0.4(—-2.7 to 2.3} -10(-4610 1.7) -06(—-27 1w 2.1)
After 2 ysars -1.1{—29 10 2.0) -0.2(—26t0 2.3} ~0.2(-2610 3.2) -06 [—-33 1w 2.0)
BMD loss in spine . . .
After | ye:rp -0.2(—-28 t0 2.0) -1.1(-251t 1.4) -10(-27 0 1.8) -0.1 (-3.11w 1.1) * ProgreSSIOne radlograflca’ pOStmenOpausa €
After 2 years -0.4 (46 0 2.6) -16(—46+t0 1.1) -05(-3910 2.1) -1.0(—-33 1w 1.4) infiammazione erano associati a”a perdita

BMO, banz mineral density.

ossea della mano dopo |'aggiustamento per

Table 5 Demographic and disease related factors associated with BMD loss after 1 year in the hands, hip

and spine derived by multivanate analyses varie covariate
BMD less in hands BMD loss in hip BMD loss in spine

Variabl p coefficient Val P coefficient p Value p coefficient p Val . .

e = L — = s * Post-hoc in base alla risposta tp: 1" dell'osso
Postmenopausal -3.17 0.000 - - - = .. ..
Dorian MTC correlato a remissione clinica,
CAP at basehne -0.025 0.000 - - - - . . |
Afrosions 0-1  —0.12 0.021 -0.18 0.004 - - indipendentemente dall'uso precedente o
BP use 0-1 £ = 2.50 0.011 4.02 0.000 . .

BMD, bone mineral density; BP, hisphosphonatas; CRP, C-reactive protem. Corrente de”a tera pla antI_TN F

Data are adjusted for the significant associations derived from the umivaniate analyses and randomisation betwean the four

treatmant groups. Vivian K. Kawai et al, 2012

M Gu’ler-Yu“kse et al Ann Rheum Dis, 2007



Curr Opin Rheumatol. 2012 Scptember ; 24(5): 576-585. doi:10.1097/BOR.0b013e¢328356d212.

. . @ 100 -
Effects of Anti-Tumor Necrosis Factor a (anti-TNF) agentson =
< 80—
Bone 3
®
g 804 v
3
PREMIER study g
(n=799) § 40 f
0
4 20—
e
I 4 o
Baseline adalimumab Baseline adalimumab Baseline MTX 8 00— ow
plus MTX PREMIER: 274 PREMIER: 257 @ 7 I I I I I
PREMIER: 268 DXR-MCI: 261 {13} DXR-MCI: 246 {11 Q 20 40 60 80 100
DXR-MCI: 261 (7) DXR-BMD: 259 (15} DXR-BMD: 246 {11) = 20—

DXR-BMD: 260 {8)

* MTX+ADA minore perdita ossea della mano vs ADA § 0 = -—h‘-‘:[)
e MTX in monoterapia %

* Perdita ossea correlata con mancato utilizzo di %—m—

adalimumab, eta, infiammazione § £ » Adalimumab

e MTX mono: /P perdita se PCR e/o DAS28 e 5.1¢ WX opmume?

« MTX+ADA | ossea indipendente dall’attivita di :

malattia o PCR Figure 3 Cumulative probability plot: changes in DXR-MCI and

o . . | . . radiographic scores at 104 weeks in PREMIER. DXR, digital x ray
* possibile effetto diretto del TNFa sull'attivazione  rdiogmmmetry; Mcl, metacarpal cortical index; mod Sharp score,

modified total Sharp score; MTX, methotrexate.

d egh OSteOCIaSti Vivian K. Kawai et al, 2012

M Hoff et al, Ann Rheum Dis 2009



Curr Opin Rheumatol. 2012 Scptember ; 24(5): 576-585. doi:10.1097/BOR.0b013e¢328356d212.
Effects of Anti-Tumor Necrosis Factor a (anti-TNF) agents on

Bone

* Dati contrastanti
* Arresto perdita ossea colonna e femore

 BMD J{, nei controlli storici che hanno
ricevuto solo MTX, conservati nei pazienti
IFX+MTX, correlata a risposta al trattamento

e BMD { MTX+pcb vs MTX+IFX, ma correlato a
PCR e danno radiografico

e BeSt: |/ BMD inferiore se concomitanti
bifosfonati (no correlazione con tp anti-RA)

Vivian K. Kawai et al, 2012
Marotte H et al Arthritis Res Ther. 2007
Haugeberg G e al Ann Rheum Dis 2009



A Serum CTX B
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C D

Serum PINP

@B Tocilizumab 4 mg/kg
Bl Tocilizumab 8 mg/kg
[ Piacebo
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IL-6 ANTAGONIST AND BONE LOSS

Serum OC

Wt p—

Ratio between CTX and OC

[ WY g—

Serum MMP3

N *xk .
*kk

[ —

* Stretta correlazione con flogosi
* |L-6/PCR
* Limite: biomarkers vs BMD

Morten A. Karsdal et al, Semin Arthritis Rheum 2012



IL-6 : EFFECT ON BONE METABOLISM

Produzione @ ——
di anticorpi e g b AR
Linfocita B o
, e -
t | Sinoviociti
‘ VEGF
= Formazione
Macrofagi - — del panno
° 1 * I Cellule endoteliali Y
» RANKL —— Danno

o : articolare
@ ' Attivazione osteoclasti

Neutrofili Linfocita T riassorbimento osseo

Osteoblasta t Espressione Pre- Osteoclasta Osteoclasta
e BMSC RANKL osteoclasta multinucleato attivato ~. RANKL

O o
)
L
"
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IL-6 INHIBITORS

Modified Total Sharp Score

Placebo + MTX (n=398)
—&k— Sarilumab 150 mg q2w + MTX (n=400)

Sarilumab 200 mg g2w + MTX (n=399)

Cio-

primary
endpoint

z,:rsl

1.22
0,50t
il
o,5"
.25t
013t
T 1
24 52
Wesk

*paD. 0l vs placebo + MTX;
T P=D.0001 vs placebo + MTX

: EFFECT ON BONE METABOLISM

+MTX 150 mg q2w + MTX 200 mg q2w + MTX.

n(¥) (n=392) (=400 (n=399).
Week 24

No progression 158(39.7%) 185 (46.3%) 226 (56.6%)

P-value vs placebot - NS <0.0001
Week 52

No progression 154 (38.7%) 191 (47.8%) 222 (55.6%)

P-value vs placebo* - 0.0094 <0.0001

91%




SARILUMAB vs ADALIMUMAB on bone resorption

MONARCH (MTX-IR/-INT/-inappropriate)

Bone formation Bone resorption
P1NP Osteocalcin RANKL OPG
o Week 24 Week 24 Week 2 Week 24 Week 2 Week 24
- Bl::3 10.5
g 50 - 22.8 ns Q:) 50 - T
- 40 6 _2 1.5 = -
= 4.9 8
o 30 T Q 30 -
E® 20 Eo 4.4 * 3.3 ns
20 -

ET . | £7 0.9 2.2
o @3 -
29 .| I == 29 | = I I
£ L 1 - + n & J_
o -10 1 - -t -10 - _|_ -~
- - c -
8 20 S 20 - -2.5 4.0

-40 -

40 18.3
B Adalimumab 40 mg q2w (n=154) Sarilumab 200 mg q2w (n=153)

INT, intolerant
*Adjusted p<0.05 versus adalimumab; *Adjusted p<0.01 versus adalimumab (Benjamini-Hochberg procedure)
a. Numeric differences only for osteocalcin.

Gabay C, et al. Ann Rheum Dis 2017;76(Suppl. 2):570

Gabay et al. Arthritis Research & Therapy (2020) 22:70



Rheumatol Int (2011) 31:269-272
Influence of Rituximab on markers of bone remodeling in patients
with rheumatoid arthritis: a prospective open-label pilot study
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Osteoporos Int (2011) 22:3067-3072
Suppression of bone turnover by B-cell depletion in patients

with rheumatoid arthritis
* Significativa {, del riassorbimento osseo dopo 6 mesi da RTX (BCTX), concomitante a {,DAS28.
o I significativo del PINP
* Nessuna variazione significativa nei livelli di osteocalcina o OPG.
e Variazione % vs basale di BCTX in un sottogruppo di pazienti (non trattati con prednisolone o

bisfosfonato) erano significativamente correlati con la riduzione % del DAS28 |
Gert Hein et al, 2011; G. Wheater et al, 2011;



Ann Bheumn Dis, 2012 lan)
Rituximab abrogates joint destruction in rheumatoid A SIEEIOEG Sw—
arthritis by inhibiting osteoclastogenesis '

A_Serum sRANKL B. Serum OPG C. OPG/SRANKL ralio

{rte grated oipﬂcll demlty
- 8 8 8 8

= ** i %
200+ 10
£ 150+ & 8- / E ; ; .
- o™ -
giw o6 . week 0 week 16
: ﬂ" ; 4- | .‘_,_,_.—-—'—‘-‘_‘ E B '
= 40- | v E 800
£ N £ 9. ~ s
3 = 8 - s
g 10' O 0 J .x: 600 -
. ; week 0 week 16 6
b2
] A.Change in SHS after 1 year S 200
o -
- 4 300- = 0-
= - 3 2 week 0 week 16
3.
g g 200+ C Synowial RANKL expression
£ 5 — ———— 0.015- *
8 il ® 1004 g
14 4 “g 0.0101
- - ﬂ' T o- 8
g 0 Total SHS JS!;mre erosion score basclne 1 year o 0005
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dell'espressione di RANKL e ad un aumento del rapporto OPG/RANKL nel siero. Maria | H Boumans. et al. 2012



Ann Rteum Dis 200867 1603-1609. , Initialization b
CTLA-4 directly inhibits osteoclast formation i W e soum
A WT-OCs
z ool
E
g chect:::;l::::ms
8
0 WT osteoclasts
CTLAAIg{ug/mll  © 1 10 100 +100 ug CTLA Ig
B hTNFtg-OCs
400
& 300
€ 200
£
8 100
: Coltura con: 30 ng/ml di fattore stimolante le colonie di
0 hTNF1g osteoclasts . . . .
CTLAlgfug/mll  © 1 10 100 +100 g CTLA4 Ig macrofagi (MCSF) e 50 ng/ml di RANKL per 6 giorni.
c WT-OCs TNFa stimulated Varie dosi di CTLA-4 sono state aggiunte nei giorni 2 e 5.
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@
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E 300 R Soppressione dell’OC-genesi in vitro
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Wigerblad G, ef al. Ann Rheum Dis 2016:75:730-738. Chao-Yi Wu et al int. J. Mot Sci 2020, 27(11), 4015;
Autoantibodies to citrullinated proteins induce Anti-Citrullinated Protein Antibodies In Patients with Rheumatoid
joint pain independent of inflammation via a Arthritis: Biological Effects and Mechanisms of Imnmunopathogenesis

chemokine-dependent mechanism
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Adam et al., Sci. Transl. Med. 12, eaay4447 (2020) A Jak1/2 inhibitor, baricitinib, inhibits

JAK inhibition increases bone mass in steady-state osteoclastogenesis by suppressing RANKL
conditions and ameliorates pathological bone loss by expression in osteoblasts in vitro
stimulating osteoblast function A
Baricitinib
Before treatment After treatment " Vehic'f’ _0:1 HM 1uM ' 45 M

[

'.'x'l'-- ; -;;:.;", K
#1 e
Baricitinib
vehicle 0.1 yM 1M 25uM
#2 '
B *k D . 5000 - * %
= 6000 - F 3
: 2 4000 -
;, 4000 1 ‘g’ 3000 -
= 3 2000 -
Fig. 7. JAKi by tofacitinib induces repair of bone erosions in patients with RA. s 20081 4 & 1000 -
3D HR-pQCT images of metacarpophalangeal joints were generated before (left, e tt 1 o
each) and after treatment (right, each) from patients with RA (n = 2) who received i +P(:E & o8 Be B 4 RANKL - + + + + +
5 mg of tofacitinib twice daily for (top) 4 years and (bottom) 2 years. Scale bars, 5 mm. 'Baﬁ’ciﬁnib’ veh veh 04 1 25 1 Baricitinib veh veh 01 1 25 5
Arrows indicate exemplary regions of erosion where bone formation occurred. (UM) ' o (M)

Murakami K et al. PLoS ONE 12(7): e0181126 (2017)



IMPACT OF BIOLOGICS ON CLASSIC OP SITES

Fic. 2 Comparison of BMD at baseline and 3years later at FN, TH and L1-4 in Group | and Il participants

664 [ * 92 pz b/tsDMARD group (Group |)
o5 e 184 pz csDMARD group (Group Il)
'53 050 1 i * anti-TNF 64.1%, TCZ 13.0%, ABA
s o ] 12.0%, RTX 3.3%, class-switch 7.6%
2 om - = (2 pts TOFA)

1T « No cambiamenti significativi della

:; BMD dpo 3 aa nel gruppo |

s | lﬂ II_I * Riduzione BMD nel gruppo 2

= | P\ r lH , L I'-4 |

Group ‘ l I . | n_ l 1

I, isDMARDs + csDMARD; I, ¢sDMARD; FN, femoral neck; TH, hip (total); L1-4, lumbar spine L1-L4.
** p <001
* p<0.05

Jia-Feng Chen, Rheumatology 2020;59:2471-2480



IMPACT OF BIOLOGICS ON CLASSIC OP SITES

Fic. 3 Difference of BMD between baseline and 3 years later in patients receiving csDMARDs or adding on b/
tsDMARDs, combined AOT use or not
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AOT: anti-ostcoporosts therupy, including bisphosphonate(s), denosumab, raloxifens, teripamtide

AOT, anti-osteoporosts therapy, including bisphosphonare]s), denosumab, raloxifene, wenperatide
I, besDMARDs « osDMARD; 11, csDMARD; FN, femoral neck; TH, 1otal hip; L1-4, lumbar spine L1-1L4

I, isDMARDs = csDMARD; 11, csDMARD; FN, femoml necks TH, hip (totalk; L1-4, lumbar spine L1132
=0 <0001, ** p<001,* p<005

Rispetto al basale, la BMD dei non utilizzatori di AOT nel Gruppo | € rimasta stabile in TH, ma e diminuita sostanzialmente a
FN e L1-4 (P % 0,046, P % 0,004, rispettivamente). Tuttavia, i non utilizzatori di AOT nel gruppo Il hanno dimostrato una
significativa riduzione della BMD a FN, TH e L1-4 (tutti P <0,001) (Fig. 3A). La BMD in tre siti misurati & rimasta stabile o
leggermente aumentata nei partecipanti che hanno ricevuto AOT in entrambi i gruppi, indipendentemente dall'uso di b /

D D.
tsDMAR Jia-Feng Chen, Rheumatology 2020;59:2471-2480
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ABMD, % (IQR), percent change of BMD (second BMD-baseline BMD/baseline BMD in percentage),
median®s (interquartile range), I, HisDMARDs + ¢sDMARD: [, csDMARD
AOT, anti-osteoporosis therapy, FN, femoral neck

ABMD wt TH

ABMD, % (IQR), pereent change of BMD (second BMD-baseline BMD/baseline BMD in

percentage), median® (interquartile range): 1, bisDMARDs + csDMARD; 11, esDMARD .

AOT. anti-osteoporasis therapy. TH, hip (total)

ABMD (%) at L1-4

pforbend 00

ABMD, % (IQR). percent change of BMD (second BMD-bascline BMD bascline BMD in percentage). modian®s

(interquarile range); Group [ bisDMARDs + csDMARD; Growp 11, csDMARD

AOT, anti-osteoporoses therapy: 114, lumbar spene 114

BMD change from baseline at different measured sites in group | and Il, with or without use of AOT.

* La terapia a lungo termine b/tsDMARD aveva un effetto protettivo sulla perdita ossea in tutti i siti misurati.
* | pazienti in terapia convenzionale hanno sperimentato una sostanziale perdita in termini di BMD.
* | pazienti con AR che hanno ricevuto AOT hanno ottenuto un effetto protettivo sulla perdita ossea, indipendentemente da

b/terapia tsDMARD o csDMARD.

Jia-Feng Chen, Rheumatology 2020;59:2471-2480



CONCLUSIONI

* AR malattia sistemica con alterazione di numerose attivita
metaboliche

* 'impatto dei diversi farmaci bDMARDs o tsDMARD sui vari

metabolismi dipende dal ruolo delle citokine target in essi
coinvolte

* |'effetto della terapia antireumatica avanzata e globalmente
positivo sul dismetabolismo a vari livelli, espressione di

regolazione e modulazione sulle alterazioni patologiche AR
indotta



