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The osteoimmune system

Proc. Jpu. Acad., Ser. B 896 (2020)

Osteoimmunology — Bidirectional dialogue and inevitable union

of the fields of bone and immunity —

By Hiroshi TAkAYANAGEY
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Effec

Artrite reumatoide

s of targeted therapies on bone

In rheumatic and musculoskeletal
diseases

Bogldrka Sods', Agnes Szentpétery'~, Hennie G. Ruterman®?, Willem F. Lems®,
Harjit P Bhattoa*¢ and Zoltan Szekanecz' 5=

Inflammatory rheumatic and musculoskeletal diseases
(RMDs), such as rheumatoid arthritis (RA) and spondy-
loarthritis (SpA; including ankylosing spondylitis (AS)
and psoriatic arthritis (PsA)), as well as other arthriti-
des, have been associated with bntﬂ_generalized osteo-
porosis and fragility fractures, as well as with{localized |
inflammatory bone resorption (erosions) and/or patho-
logical bone formation'’,

1823

L'acqua calda & stata scoperta solo nel 1823, da Sara Vellone, al tempo
sessantaquatirenne. 1 nov 2021

https://nongiclopedia.org » wiki » Scoperta_dell'acqua_cal...
Scoperta dell'acqua calda - Nonciclopedia
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C. Zerbini and the other, anonymous, reviewer(s) for their
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AR = fattore di rischio maggiore per OP

FRAX = Fracture Risk Assessment Tool The negative bone effects of the disease
and of chronic corticosteroid treatment
Home Caculation Tool Y PaperChans  FAQ References CE Mark in premenopausal women affected

by rheumatoid arthritis

A. Fassio, L. |dolazzi, M.A. Jaber, C. Dartizio, C. Viapiana, M. Rossini, D. Gatti
Courtry: US (Caucasian) MName/1D: About the risk factors
Reumatisme, 2016; 68 (2); 65-71
Questionnaire: 10. Secondary osteopoross @No O Yes
1. Age (between 40 and 90 years) or Date of Bith 11. Alcohol 3 or more units/day @®no O Yes 1 50 -
Age: Date of Brth: o »
. | . L2, Femnoral neck BMD (g/ocm<) O Conirois
Y: M: D: 1.00 - o RA
X Select BM W
2. Sex (L Male () Female ot I
g 0,50 - L I T
3. Weght (kg) Clear | Calculate
L Femoral
4. Height {cm) wﬂﬂ 0,00 .
(SE)
5. Previous Fracture @®No O Yes -0,50 - l l
6. Parent Fractured Hip ®rg O Yes [ J‘ .
7. Current Smoking @ne O Yes e
8. Glucocorticoids @ nho O Yes - -
i @ i) e id)

Not adjusted  Adjusted for Adpusted for Adjusted for
cumulative dose  both cumulative  cumulative dose
of steroid dose of steroid  of steroid BMI

and BMI and HAQ

Figure 2 - Mean femoral neck T-score values (+SE) both un-adjusted
and adjusted (see figure for adjusting variables) in patients with reu-
matoid arthritis and controls. *P<0.05 vs control subjects.



TNFa, Dkk-1 and RANKL in RA

Dickkopf-1 is a master regulator of joint remodeling

Dandelle Dinrra'%, Marina Stolina™*, Karin Polzer’, Jochen Pwerina', Michad 5 Ominsky®, Denise Doy,
Adelhed Eorb®, Joswl Smolen®, Markus Hoflmane®. Clemens Scheinecker, Desiree van der Heide!,
Robsery Landewe®, Dave Lacey ', Wiliam G Richands” & Goong Schen'~

" Osteoprotegerin and RANKL in the pathogenesis of rheumatoid
 arthritis-induced osteoporosis
T g Y1 e SRR Rheumatol Int (2012) 32:3397-3403

Jiznhua Xu
(C)
VOLUME 13 | NUMBER 2 | FEBRUARY 2007 NATURE MEDICINE 8.0
P<0.0001
Revisw [TREE e e R LR T b g -E
_ -
The serum level of Dickkopf-1 in patients with rheomatoid arthritis: A L% =
systemalic review and meta-analysis ) ol &b
Yubo Ma™™", X0 #Rang™ "', Mengming Wang™", Qing X diajia Yang ™", Meng Wu™", -
Renfang Han™', Mengya Chen™", Kingzing Hu™", Yaping Yuan™", Rui Liv"", Guangming Jiang"", 7z 1
Guikia Pan™", Vanfeng Zou"", Shenggion Xu®, Faming Pan*"" — ‘
|
Experimental Control Standardised Mean E 1
Study Total Mean 5D Total Mean 5D Diffarence SMD 95%-C1 Weight =)
4.0 =
Fassio A 2017 28 12788 5108 35 7827 2202 —&— 116 062 1.70) 9.1% K
Swierkot J 2015 2T 1821.3 10623 12 5486 364 —i— 140 [064;2156) 58% E
Rossini M 2015 164 48330 19602 125 18502 15774 - 1686 [138 193] 184% o
Choi BY 2014 102 31446 17187 39 13699 11001 — 112 [0.73; 1.51] 12.7% »
Wang SY 2011 100 59525 30195 40 31985 22836 S 097 056, 135) 129%
Long L 2010 100 37605 30432 5012701 7164 —-- 0.98 [0.62;1.34] 13.7%
Voorzanger-R N 2012 85 220700 180730 93 37240 T179.0 —S— 165 [12T.204] 129%
Seror R 2018 684 BO30 3728 60 2954 2696 - 139 [1.11,1.66] 16.4% 10
Random effects model 1260 454 < 1.30 [1.09; 1.61] 100.0%
Heterogeneity: I° = 50%, " = 0.0517, p = 0.02 ' ! . ;
=) -1 0 1 2 I
Fig. 2. Forest plow on the difference of serum DRE-1 betwern BA paticnts and healthy controls A) Forest plot inchading all eligible stodies B) Forést plod afier the Control RA

semsitivity analysis.



RA, synovial biopsies
RANKL protein is expressed at the pannus—bone
interface at sites of articular bone erosion inm

rheumatoid arthritis |

A. R. Pettit, N. C. Walsh', C. Manning', S. R. Goldring' and
E. M. Gravallese'

Microarchitecture and protective mechanisms in synovial
tissue from clinically and arthrescopically normal knee

joints
ﬂ?!miih.! Barg, H Weedon, V Popengelis, T Smeets, P P Tok, M Kroon, M Coleman,

Normal synovium |

bt

Ann Rheum Dis 2003;62:303-307
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Rheumatology 2006;45:1068—-1076



anti-RANKL and Rheumatoid Arthritis

Effects of Denosumab in Japanese Patients With Rheumartoid
Arthritis Treated With Conventional Antirhecumatic Drugs: MTX + GCs
36-month Extension of a Phase III Study

Yoshiya Tanaka'@, Tsuromu Takeuchi®, Saroshi Soen®, Hisashi Yamanaka®, Toshivuki Yoneda?,
Sakae Tanaka®, Takaya Niwa', Naoki Okubo’, Harry K. Genant®, and Désirée van der Heijde!
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DMAb maintained inhibition of progression of joint destruction up to 36 months

The Journal of Rheumatology 2021



anti-RANKL and Rheumatoid Arthritis

The Efficacy of Denosumab in
Patients With Rheumatoid Arthritis:
A Systematic Review and Pooled
Analysis of Randomized or
Matched Data

Crangwin Hu™, Xue Znong®, Hua Than® andg Pu Liso ™

The effect of denosumab on the mean change of moified sharp erosion score (B)

Deenosurmab v placebo blank

Ciotean et al 2008 081 255 138 187 508 i | 4. 5% 0.8 [-2.21, 0.28]
Takeuchi at al )16 05T 232 2852 18 373 & 10.2% .58 [-1.78, 0.13)
Hasagawa o al 2017 016 0.4T 40 DBs 124 40 36.3% 148 [-082, 0.04]
Takeuchi &t al 2018 OBE 315 438 149 38 28 206% 0063 [-1321, 0]
So et & 2021 082 4.05 5 171 448 58 1A% .84 |-2.48, 0.T1]
Subtotal [95% C1) a1 472 TA4%  -0.63 [-0.04 -0.32]
Heteroganaity: Tau = 0.00; Chi* =142, df = 4 (P = 0.84); P = 0%

Tesl for oversl affact 7 = 4 02 (P < 0.0001)
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Hiterogenaity: Ta® = 0.00; Chi# =016, df = 1 {P= 0.70% £ = 0%

Test for overall effect Z = 213 (P = 0.03)

Total (95% CI) 1007 552 1000%  -0.62[-0.88, -0.35]
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The effect of denosumab on the percentage changs of wial kip BMD (A)
Diaridurtial Cantral Maaf DiMorencs
5% Gl
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BMD and microstructure impairment in RA

RA = corticale piu sottile e piu (micro)porosa

Alterations of Bone Density, Microstructure, and
Strength of the Distal Radius in Male Patients Witk
Rheumatoid Arthritis: A Case-Control Study With
HR-pQCT

Tracy ¥ Zhu,' James F Griffith,” Ling Jin,* Vivian W Hung® Tsz-Ning Fong,® Sze-Ki Auw® Martin Ui’

)

Sano
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p=0.018
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Zhu TY et al. JBMR 2014
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Bone loss |

Generalized ‘ y. Localized ]

Osteoporosis | Erosions, joint damage ‘
| —
ags i — |
Fragility fractures I, - - Disability
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~ Mortalty Mortality |

Non-responders to the DMARDs

Denosumab, cortical bone and bone erosions in terms of progression of bone erosions could be mdeed the
in rheumatoid arthritis consequences of a concomitant nstenpnmsm

To cite Rossini M, Adami G, Viapiana O, ef al. Amn Rheum Dis 2016;75:e70.



AR. BMD ed erosioni

Relationship of Focal Erosions, Bone Mineral Density,
and Parathyroid Hormone in Rheumatoid Arthritis

SMALTRIEAO BOSSING, GIANFILIPP) BACMATD, BRUNOFREDIAMN ANMNAMARIA IACROU OO
CAOMANNT LA MONTAGNA, CIOVANNT MNEOLA, MALURDIO CAMINITL MASS DO VARENNA

ad MLVANC ADAMI

Bone Erosions
yes no p
Spine BMD (T score) -1.67 £1.21 -1.60 £1.43 ns
Hip BMD (T score) -1.55 +1.04 -1.18 #1.05 0.005
PTH (pg/ml) 25.7 +13.1 23.2+11.0 0.025

Rossini M et al. ] Rheumatol. 2011
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Lack of effect of teriparatide on joint erosions in

rheumatold arthritis is an expected result: comment

on the article by Solomon et al

To the Editor:

and colleagues descnbing, their randomezed controlled tnal of
in tumor necroses factor inhibitor—treated

paticnts with rheumatosd arthritis (RA) (1). Their study did

not demonstrate any sigmificant effed of tenparatide on bone

erosions m these patients. In our opimon, it & not surprsing

that tenparatide did not priduce the expected result. A few

considerations can the lack of effect

First, buome erossons affect mamly cortical bone (2,3),
and il & well known that tenparabde docs nol cxerl a postve

the ic effect on cortical sites mn the short term: i partic-
: momiths o mncluding
one with an RA patient group (4), have shown that #t had no
significant effect on bone mmeral density (BMIY) al cortical
sites such as the femoral neck or thind distal radwes (5,6).
Solomon and colleagues did not observe this ok of effect
after & momnths of treatment becawse changes m BMLD were
explored only at the 12-month time pomt. Moreover, when
admmistered as a daily subcutaneous impecbon, lenparatide
has been found to increase qortical porosaty m the short term
(7-9). Incressed cortical to bone ero-
mlmhummmilytﬂlhndmﬂh{"]}.

It should also be noted that, in patients with RA,
scrum levels of Dik-1 (a natural inhibitor of Wt signaling)
are significantly mcreased, correlating with parathyroid hor-
mone levels, and are asocaled with increased nisk of bone
cromions. and osteoporoses (1), Tenparatide  treatment  has
been shown to_mcrease serum Dkk-1 levels II};thuuhl
paratide to heal eroswons.

In contrast, betier results i preventing bone erosions
have been achieved with denosumab, an anti-RANKL anti-
body (13-15). Denosumab has been asocuted with 2 rapad
decrease i cortical ity (16), m ol metacarpal
bone loss (17), nlmmhﬂum m:mTr]l.hl levels (18).
These latter findings are likely the reasons for its better effi-
cacy than lenparatide i preventing and even healing bone
erosions, at least in the short term

TPTD and bone erosions in RA

ARTHRITIS & RITFUMATOLOGY
Vol 0, No. 3, March 2018, pp 475 476

@ N7, Amercan College of Rheamatology

Giovanm Adami, MD ()
Mauruao Rossani, MD
Ombretta Vapana, MD
Angelo Fassio, MD
Luca ldolara, MD
Caovanm Omsolini, MDD
Duwide Gatti, MDD
Universily of Verona
Verona, lialy

Erosion volume (mm?)

RCT (12 m)
T00 |
650 P = 0.84
600
E— |:| Basaline
e B Folow-up
500
450 I
400 | P =085
o . I | iy
350 E
300 =
E
250 1 = 5 P=0.28
| 50 — 21
Em} - E
{ E L I—
150 | 0 +9.1
. o 0.4
100 | =
| o
S50 a
' L= Contral TPTD
Control TPTD g
(n=23) (n = 22)

Conclusion. Our findings indicate that teripara-
tide treatment for 1 vear does not significantly reduce
erosion volume in the hands or wrists of patients with
established RA with disease activity controlled by TNFi
treaiment.



TPTD and cortical effects

Differing Effects of PTH 1-34, PTH 1-84, and
Zoledronic Acid on Bone Microarchitecture and
Estimated Strength in Postmenopausal Women
With Osteoporosis: An 18-Month Open-Labeled
Observational Study Using HR-pQCT

Stinus Hansen,'” Ellen M Hauge,' Jens-Erk Beck Jensen,® and Kim Briven'”

"
ORIGINAL ARTIHCLE J-Bm

Comparative Effects of Teriparatide, Denosumab, and
Combination Therapy on Peripheral Compartmental
Bone Density, Microarchitecture, and Estimated
Strength: the DATA-HRpQCT Study

oy N Taal," Alemanciss ¥ L jibs" Shevri-Ann M Bumes-Bowie,' Rober M bes" Yol ' Baohodes Dearice,”
Hang Lee” Mary L Bomein, 'Y and Berjamin ¥ Leded’
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Journal of Bone and Mineral Research, Vol. 28, No. 4, April 2013, pp 736-745

© 2014 American Society for Bone and Mineral Research



ROMO in RA?

An investigation of the differential therapeutic effects GCs = ???
of romosozumab on postmenopausal osteoporosis patients
with or without rheumatoid arthritis complications: a case—control

study

Kosuke Ebina'? . Yoshio Nagayama® - Masafumi Kashii*® - Hideki Tsuboi*® - Gensuke Okamura® ™ -
Akira Miyama®® . Yuki Etani®® . Takaaki Noguchi' © - Makoto Hirao*® - Taihei Miura' @ - Yuji Fukuda'® .
Takuya Kurihara'(® - Ken Nakata’ - Seiji Okada'®
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ROMO in RA might be impaired... but still excellent! +8% in 1 year

Osteoporosis International (2024)



GIOP: who's to blame?

Risk of fracture in women with glucocorticoid requiring diseases is
independent from glucocorticoid use: An analysis on a

nation-wide database

Giovanni Adami™ , Davide Gatti °, Maurizio Rossini °, Alessandro Giollo®, Matteo Gatti °,

Francesco Bertoldo °, Eugenia Bertoldo °, Amy S. Mudano °, Kenneth G. Saag ",
Ombretta Viapiana®, Angelo Fassio®

50- B Glucocorticold »5 mg/day >3 months
B Glucocorticoid >5 mg/day =12 months

Bone 179 (2024) 116558

BM) Open Prevalence and prescription patterns of
oral glucocorticoids in adults: a
retrospective cross-sectional and cohort

analysis in France

Anna Diénard | arilam, | Anioine Padante '~ Cloda [Co——— qunuﬁinmd_'*‘ .
Laurence Fardet,™ Pemelle Noze' 5

tors, overalland accorcing 1o the number of oral GC rombursements

Mid-term Long-1erm
All GC initiators Short-term users* users® users”
n=206 759 n=138703 n=63 26T n=3TH&9
dentified GC recognised indicationst 27.3 27 234 611
Obstructive pulmonary diseases 21.3 8.1 26.0 262
Cancer 6.4 1.9 8.2 =N
Rhaumatc diseasas 1.0 0.a 1.1
Rheumatoid arthritis 0.4 02 05
Polymyalgia rheumatica/giant cell arteritis 0.1 0.0 0.1
Inflammatory bowe! diseases (] 0.4 0.9 a3
Multiple sclerosis 0.2 0.2 0.2 0.2

~22% rheumatic conditions

Bénard-Laribiére A, et al. BMJ Open 2017;7.2015905. doi-10.1136/bmjopen-2017-015905



GCs and fractures
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Bone Loss in Inflammatory Rheumatic Musculoskeletal 1. Thereis no «safe» GCs dosage
Disease Patients Treated With Low-Dose Glucocorticoids

and Prevention by Anti-Osteoporosis Medications 2. BMD loss is (partially) preventable with adequate preventive treatment

Gilowannd Adami, ) Angelo Fassio, Maurizio Rossind, Camilla Benini, Franoesca Pestilio, Ombretta Viapiana, — - n— - —

Dhveicder By Dislhe, angd Dirvide Gakni

Bone Loss in Inflammatory Rheumatic Musculoskeletal Disease (IRMD) Patients Treated

With Low-Dose Glucocorticoids Is Prevented by Anti-Osteoporosis Medications

L4 Population e « Fracture rate was overall higher in iRMD ::nmparld 0 |
E controls
+ Chronic GCs at doses as low u_!.i mg prednisolone
i g s g3 = equivalent/day reduced BMD, with excessive risk of
frmcture gl matched) fracture
Measured + BMD loss was largely preventable by anti-
= — osteoporosis treatment
E ':, Fracture incidence
DXA of Fragiity  Glucocorticous 50, = mpy
femacal neck fractures  and anti-OP drugs | = 1.5 %o § mg/day

— - - = Do 3.5 mgiday

= = e — - 40 — MO diS885e (poperity swon mchey
. S A =8 o B ol -t
Ia : 4 | ! E ) E
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Adarm G, Fassm A Fossin M. ot al Bome 1658 socurs i mflammatory rhsuwmanc muscubsskelelsl diseate patisms At s Bheamstakis ACR
_treated with low-dose glucocortitosds but is prevenied by anti-osteopordsis medicatons. Arthritis Rhewmaiol 2023 ol T




