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Avouac J, Allanore Y. Cardiovascular risk in rheumatoid arthritis: effects off&tfidrugs. Expert
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Rheumatoid arthritis (RA) is characterised by the presence of an
Inflammatory synovitis accompanied by destruction of
A joint cartilage
A Bone

Destruction of cartilage matrix results predominantly from the
action of connective tissue proteinases released by RA
synovial tissues, chondrocytes, and pannus tissue

Several lines of evidence in RA and in animal models of arthritis

support a role for osteocl/asts in the pathogenesis of bone
erosions

Gravallese EM. Bone destruction in arthritis. Ann Rheum Dis. 2002 Nov;61 Suppt@:ii84
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as a result of increased production of (  RANKL) in the bone
marrow , which activates osteoclast to

~

A resorb bone and
A  cause erosions

A osteoblasts are stimulated by GNF- a, it guides the
expression of RANKL.

A  TNF - a directly activates the macrophages,  which are the
antecedents of osteoclasts, and finally guides the
differentiation of macrophages into osteoclasts




Activated Osteoclasts at Work

For educational purposes only. Not for distribution. For exUS use only. 327519
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Treatment with TNFbp completely prevented

A bone loss
A increase in both osteoclast formation & bone resorption

Induced by OVX

Kimble RB, Bain S, Pacifici Rhe functional block of TNF but not of-8_prevents bone loss
in ovariectomized mice. J Bone Miner RE397 Jun;12(6):9351.
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Redlich K, Hayer S, Ricci R, David JP, Tohida&tad M,Kollias G, Steiner G, Smolen JS, Wagner EF, Schett G (2002)
Osteoclasts are essential for TRphamediated joint destructiod. Clin Invest 110:14191427
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Bone Loss in Patients With Rheumatoid Arthritis

Results From a Population-Based Cohort of
366 Patients Followed Up for Two Years

Glenn Haugeberg,' Ragnhild E. @rstavik," Till Uhlig,' Jan A. Falch,” Johan I. Halse,’
and Tore K. Kvien'




Bone Loss in Patients With Rheumatoid Arthritis

Results From a Population-Based Cohort of
366 Patients Followed Up for Two Years
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Bone Loss in Patients With Rheumatoid Arthritis

Results From a Population-Based Cohort of
366 Patients Followed Up for Two Years
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Over the next 12 months, bone mineral density loss  was greater
In patients with rheumatoid arthritis compared with controls;
significantly so for early disease

A -2.4[0.8]vs -0.6[0.4] g/cm2, p < 0.05 in the spine
A -4.3[0.8]vs -0.4[0.5] g/cm2, p < 0.001 in the trochanter

Generalised bone loss in patients with early rheumatoid arthriiugh AK, Lilley J, Eyre S,
Holder RL, Emery PLancet. 1994 Jul 2;344(8914):Z8
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van Staa TP, Geusens P, Bijlsma WJ, Leufkens HGM, Cooper C
(2006) Clinical assessment of the long -term risk of fracture in
patients with rheumatoid arthritis. Arthritis Rheum 54:3104 383112

Orstavik RE, Haugeberg G, Uhlig T, Mowinckel P, Falch JA, Halse Ji
et al (2004) Self reported non -vertebral fractures in  rheumatoid
arthritis and population based controls: incidence and relationship

with bone mineral density and clinical variables. Ann Rheum Dis
63:177 9182

Huusko TM, Korpela M, Karppi P, Avikainen V, Kautiainen H,Sulkava R
(2001) Threefold increased risk of hip fractures with rheumatoid
arthritis in Central Finland. Ann Rheum Dis 60:521 8522
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A Womenvyounger than 50 years of age at RA diagnosis (304
women; mean age at diagnosis, 39 years) were more likely

than their counterparts without RA to have their first new
fracture even before age 50

A Men with RA were also at increased risk for fractures, but
that risk was not evident until they were older than age 50

Shreyasee AmjnAmerican College of Rheumatology 2011 Annual Meeting;
Abstract #1632. To be presented Monday November 7, 2011.
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Anakinra
Abatacept
Rituximab
Tocilizumab
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Concise Report

Increase in bone mineral density of patients with
rheumatoid arthritis treated with anti-TNF-«
antibody: a prospective open-label pilot study

U. Lange, J. Teichmann', U. Miiller-Ladner and J. Strunk
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Increase in bone mineral density of patients with
rheumatoid arthritis treated with anti-TNF-x
antibody: a prospective open-label pilot study
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Rheumatology 2005;44:1546—1548
Advance Access publication 1 November 2005

Concise Report

doi:10.1093/rheumatology/kei082

Increase in bone mineral density of patients with
rheumatoid arthritis treated with anti-TNF-«
antibody: a prospective open-label pilot study

U. Lange, J. Teichmann', U. Miiller-Ladner and J. Strunk

Tasce 1. Changes in DX A parameters dunng the study penod

Baseline  After 12 months P
BMD left femoral neck [E.-'-:_ml} 0E4 +£0.33 095015 0,001
T-score left femoral neck (g/em™) —0.93+1.06 =0.77£097  0.001
Z-score left femoral neck (g/em®) —024+0.77 016068  0.010
BMD L1-4 1.07+0.14 1.10+£0.23  0.001
T-score L1-4 —092+£108 071107 0.001
Z-score L14 —058+123 049114 0.001
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The effect of infliximab on bone metabolism markers
in patients with rheumatoid arthritis

E. Torikai, Y. Kageyvama, M. Takahashi, M. Suzuki, T. Ichikawa,
T. Nagafusa and A. Nagano
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The effect of infliximab on bone metabolism markers
in patients with rheumatoid arthritis

E. Torikai, Y. Kageyama, M. Takahashi, M. Suzuki, T. Ichikawa,
T. Nagafusa and A. Nagano
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EXTENDED REPORT

Evaluation of bone mineral density, bone
metabolism, osteoprotegerin and receptor activator
of the NFkB ligand serum levels during treatment
with infliximab in patients with rheumatoid arthritis

M Vis, E A Havaardsholm, G Haugeberg, T Uhlig, A E Voskuyl, R J van de Stadt, a B
B A C Dijkmans, A D Woolf, T K Kvien, W F Lems 9 JLINE

Ann Rheum Dis 2006;65:1495-149%. doi: 10.1136/ard 2005.044178




Evaluation of bone mineral density, bone
metabolism, osteoprotegerin and receptor activator
of the NF«B ligand serum levels during treatment
with infliximab in patients with rheumatoid arthritis
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Research article

A 1-year case-control study in patients with rheumatoid arthritis
indicates prevention of loss of bone mineral density in both

responders and nonresponders to infliximab
Hubert Marotte!, Beatrice Pallot-Prades?, Laurent Grange3, Philippe Gaudin3, Christian Alexandre?2

and Pierre Miossec!
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A 1-year case-control study in patients with rheumatoid arthritis
indicates prevention of loss of bone mineral density in both

responders and nonresponders to infliximab
Hubert Marotte!, Beatrice Pallot-Prades?, Laurent Grange3, Philippe Gaudin3, Christian Alexandre?2
and Pierre Miossec!
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Long-term effects of infliximab on bone and cartilage
turnover markers in patients with rheumatoid arthritis

F Chopin,' P Garnero,” A le Henanff,” F Debiais,* A Daragon,” C Roux,® J Sany,’
D Wendling,® C Zarnitsky,” P Ravaud,” T Thomas'

Ann Bheun is M008:67:353-357. doi:10.1136/ard 2007 076604




Long-term effects of infliximab on bone and cartilage
turnover markers in patients with rheumatoid arthritis

F Chopin," P Garnero,* A le Henanff,? F Debiais,* A Daragon,” C Roux,® J Sany,’
D Wendling,® C Zarnitsky,® P Ravaud,” T Thomas'
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A N-terminal propeptide (PINP), => bone formation

A serum C-terminal cross -linked telopeptide of type |
collagen (CTX-1), a marker of cathepsin K -mediated bone
collagen degradation => systemic bone resorption

A serum C-terminal cross -linked telopeptide of

type | collagen (ICTP), an index of matrix metalloprotease

(MMP) mediated type | collagen degradation => preferential joint
metabolism

A urinary CTX-/I biochemical markers of cartilage degradation




Long-term effects of infliximab on bone and cartilage
turnover markers in patients with rheumatoid arthritis

F Chopin," P Garnero,* A le Henanff,? F Debiais,* A Daragon,” C Roux,® J Sany,’
D Wendling,® C Zarnitsky,® P Ravaud,® T Thomas'
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Infliximab inhibits bone resorption by circulating
osteoclast precursor cells in patients with
rheumatoid arthritis and ankylosing spondylitis

M Gengenbacher,' H-J Sebald,” P M Villiger.” W Hofstetter.* M Seitz’

Amn Rheum Dis 2008:67:620-624. doi10.1136/nd. 2007 076711




Infliximab inhibits bone resorption by circulating
osteoclast precursor cells in patients with
rheumatoid arthritis and ankylosing spondylitis

M Gengenbacher," H-J Sebald,? P M Villiger* W Hofstetter,* M Seitz?
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Infliximab BEST

A After 1 year of follow -up in the BeSt study, we did not find
differences in BMD loss between the four treatment
strategies, including

A high doses of corticosteroids

~

A anti-tumour necrosis factor -alpha

G¢l-egksel M, et al . Changes in bone mine.]
rheumatoid arthritis. Ann Rheum Dis. 2008 Jun;67(6):823




Changes in hand and generalised bone mineral N

density in patients with recent-onset rheumatoid \%

arthritis R 4
M Giiler-Yiksel,' C F Allaart,” Y P M Goekoop-Ruiterman,’ J K de Vries-Bouwstra,? i
J H L M van Groenendael,® C Mallée,* M H W de Bois,” F C Breedveld,’ Fort | |

B A C Dikmans,*® W F Lems®®

A After 1 and 2 years, there was significant BMD loss in all
locations

A with significantly greater BMD loss in the hands than
generalised BMD loss in the hip and spine.

A Initial combination therapy with prednisone or infliximab
were associated with less hand BMD loss compared with
Initial monotherapy

Amn Rheum s 2009:68:330-336. doi10.1136/rd. 2007086348
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Adalimumab

Bone mineral density in rheumatoid arthritis patients
| year after adalimumab therapy: arrest of bone loss

C A Wijbrandts," R Klaasen," M G W Dijkgraaf,” D M Gerlag,' B L F van Eck-Smit,”
P P Tak'

Ann Rhewn Dis 2009;68:373—-376. doi:10.1136/ard. 2008.091611




Bone mineral density in rheumatoid arthritis patients

1 year after adalimumab therapy: arrest of bone loss

C A Wijbrandts," R Klaasen,' M G W Dijkgraaf,? D M Gerlag,’ B L F van Eck-Smit,?
1

PP Tak Ann Bhewn Ois 2009;68:373—-376. dai:10.1136/ard 2008.091611
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Adalimumab reduces hand bone loss in
rheumatoid arthritis independent of clinical
response: Subanalysis of the PREMIER study

Mari Hoff'", Tore K Kvien®, Johan Kalvesten®, Aake Elden, Arthur Kauar‘laugh&. Glenn H.aur;]ralb.:ratrgf"T

BMC Musculoskeletal Disorders 2011, 12:54




Adalimumab reduces hand bone loss in
rheumatoid arthritis independent of clinical
response: Subanalysis of the PREMIER study

Mari Hoff'?", Tore K Kvien®, Johan Kalvesten®, Aake Elden®, Arthur Kavanaugh®, Glenn Haugeberg™”
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The Effect of Etanercept on Bone Metabolism in Patients with
Rheumatoid Arthritis. D, Kida*, Y. Eto*, M. Tsukamoto®, T. Sato®, A.
Kangko®, G Ishihara®, H. Sugishita®, K. Saito®. Department of Orthopedic
surgery and Rheumatology, Mational Hospital Organization Magoya Medical
Center, Nagoya, Japan,

A NTx levels did not differ significantly in 6 months after initial treatment
with ETN

A BAP levels (p<0.01) were significantly increased and higher
pP<0.01) in patients treated with ETN compared to others.

A ETN therapy may not inhibit bone resorption  but stimulate bone formation
In patients with RA.




Etanercept

Clm Bhewmatol (2008) 27:1093-1101
DO 10 1007/ s 10067008087 0-8

ORIGINAL ARTICLE

Reduction of urinary levels of pyridinoline

and deoxypyridinoline and serum levels of soluble receptor
activator of NF-kappaB ligand by etanercept in patients
with rheumatoid arthritis

kagevama Yasunori - Takahashi Masaaki -
Nagafusa Tetsuvuki - Kobavashi Havato - Nagano AKira




ORIGINAL ARTICLE

Reduction of urinary levels of pyridinoline

and deoxypyridinoline and serum levels of soluble receptor
activator of NF-kappaB ligand by etanercept in patients
with rheumatoid arthritis

|

U urinary excretion levels of pyridinoline (PYD)

U deoxypyridinoline (DPD)

U cross-linked N -telopeptides of type | collagen (NTX)

U and serum levels of bone alkaline phosphatase (BAP)

U osteoprotegerin (OPG)

U soluble receptor activator of

at the baseline and at 3 and 6 months after

N F



ORIGINAL ARTICLE

Reduction of urinary levels of pyridinoline

and deoxypyridinoline and serum levels of soluble receptor
activator of NF-kappaB ligand by etanercept in patients
with rheumatoid arthritis

|
A  Reduction of

~

A urinary excretion levels of PYD and DPD

A serum sRANKL levels, with a significant difference at 6
months

A aoa 3GH

A anincrease of serum BAP levels at 3 and 6 months after the
Initial treatment with etanercept
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Etan erce pt o .

Etanercept Normalizes Systemic Bone Metabolism in
Rheumatoid Arthritis Patients

A lower level of serum CTX and sclerostin in RA _ patients than in control
group, which
A suggested slow bone resorption rate coupled with low bone production

A after etanercept use, both serum CTX and sclerostin markedly
increased

A Therefore we conclude that etanercept  stimulates depressed bone
metabolism in RA patients as it suppresses inflammation

Park, et al ;. Arthritis Rheum 2010;62 Suppl 10 :1813
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A Among subjects diagnosed with RA, the adjusted risk of non -
vertebral fracture was similar across persons starting a
TNFi, MTX, or other nbDMARD

Kim SY, Schneeweiss S, Liu J, Solomon [Hifects of diseasenodifying antirheumatic drugs
on nonvertebral fracture risk in rheumatoid arthritis: a populabased cohort study. J
Bone Miner Res2011 Dec 8




abatacept

CTLA-4 directly inhibits osteoclast formation
ONLINE

Roland Axmann, Sonja Herman, Mario Zaiss, Sandra Franz, Karin FPolzer, Jochen
Zwerina, Martin Herrmann, Josef Smolen and Georg Schett

Ann Rheum Dis published online 18 Jan 2008;
doi:10.1136/ard. 2007 080713




ARD CTLA-4 directly inhibits osteoclast formation
ONLINE Roland Axmann, Sonja Herman, Mario Zaiss, Sandra Franz, Karin Polzer, Jochen
Zwerina, Martin Herrmann, Josef Smaolen and Georg Schett
Ann Rheum Dis published online 18 Jan 2008;
doi:10.1136/ard.2007.080713
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Abatacept

A abatacept could prevent PTH  -induced bone loss

Bedi B, Li JY, Grassi F, Tawfeek H, Weitzmann MN, Pacif(@&CR0) Inhibition of antigen presentation and
T cell costimulatiorblocks PTHinduced bone loss. Ann NYAcad Sci 1192:223




Anakinra

A IL -1, TNF and other proinflammatory cytokines stimulate
osteoclast differentiation and activation, resulting in bone

loss

A stimulate synovial fibroblasts and chondrocytes to produce
proteinases that degrade cartilage

A In animal arthritis models, blocking IL -1 significantly reduces

A bone erosions
A cartilage degradation

Strand V, Kavanaugh AF. The role of interleukim bone resorption in rheumatoid arthritis. Rheumatology
(Oxford).2004 Jun;43 Suppl 3:iiitii16.
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Effect of Blockade of TNF-a and Interleukin-1 Action on Bone
Resorption in Early Postmenopausal Women

Natthinee Charatcharoenwitthaya,! Sundeep Khosla," Elizabeth J Atkinson.” Louise K McCready,' and
B Lawrence Riggs'
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Effect of Blockade of TNF-a and Interleukin-1 Action on Bone
Resorption in Early Postmenopausal Women

Natthinee Charatcharoenwitthaya,! Sundeep Khosla," Elizabeth J Atkinson,? Louise K McCready." and
B Lawrence Riges'

A  The data are consistent with a role for TNF  -U, and possibly
for IL -1, in mediating increased bone resorption during

estrogen deficiency in women
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www elsevier.com/locate/bone

Bone 37 (2005) 601 - 606

Review
Interleukin-6: An osteotropic factor influencing bone formation?

Nathalie Franchimont®, Sylvie Wertz, Michel Malaise

STAT signaling pathway. However, from all the data we have
now available, one might consider that IL-6 15 not essential
for bone remodeling in phy siological conditions, but that this
cylokine plays arole in osteoblast generation in conditions of
high bone turnover.
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Vol 54, Mo. 11, November 2006, pp 3551-3563
DOT 10.1002/art. 22175

@ 2006, American College of Eheumatology

Impaired Skeletal Development in
Interleukin-6—-Transgenic Mice

A Model for the Impact of Chronic Inflammation on the Growing Skeletal System




Impaired Skeletal Development in
Interleukin-6-Transgenic Mice

A Model for the Impact of Chronic Inflammation on the Growing Skeletal System

r

A  Chronic overexpression of IL -6 alone induces a skeletal
phenotype closely resembling growth and skeletal
abnormalities observed in children with _chronic inflammatory
diseases

A pointing to IL -6 as a pivotal mediator of the impact of
chronic inflammation on postnatal skeletal development
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Inhibition of Interleukin-6 Receptor Directly Blocks
Osteoclast Formation In Vitro and In Vivo
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1. Ab & E U B Y6R in blocking osteoclast differentiation  of
mononuclear cells stimulated with RANKL wastested ( o/ U)

2. arthritic human TNF dtransgenic mice were treated with
anti dlL -6R antibody




Inhibition of Interleukin-6 Receptor Directly Blocks
Osteoclast Formation In Vitro and In Vivo
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r

A dependently reduced
A osteoclast differentiation
A Dbone resorption in monocyte cultures stimulated with
RANKL or RANKL plus TNF

r

A In human TNF dtransgenic mice, IL -6R blockade

A did not inhibit joint inflammation

A butit strongly reduced osteoclast formation in inflamed joints &
bone erosion in vivo




blockade of IL - 6R directly affects osteoclast
formation in vitro and in vivo, suggesting a direct
and specific effect of anti d IL - 6R therapy on
osteoclasts




