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THYROID, BONE AND CARTILAGE
G. R. Williams

Thyroid hormones are essential for skeletal development and are
important regulators of bone maintenance .....

Childhood hypothyroidism results in delayed skeletal development,
retarded linear growth and impaired bone mineral accrual. In severe
cases, post-natal growth arrest may result in a complex skeletal
dysplasia. Thyroid hormone replacement results in catch-up growth
and enhanced bone maturation, but recovery may be incomplete
dependent on the duration and severity of hypothyroidism prior to
treatment.

Childhood thyrotoxicosis is rare and accelerates linear growth.
Advanced bone age and premature closure of the growth plates result
in short stature, and craniosynostosis may occur in severe cases.



Hypothyroidism and linear growth

14 years old

6 months Rx




Hypothyroidism and bone age

Boneage: 1y

Treatment
with
thyroxine



Thyroid status and skeletal development

Childhood hypothyroidism Childhood hyperthyroidism
* Dolayed skatota eveicpment sttt evehgesens

Accelerated growth

Advanced bone age

Premature fusion of growth plates
Persistent short stature

Intramembranous ossification
+ Early closure of cranial sutures
+ Patent fontanelles and sutures + Craniosynostosis in severe Cases

Endochondral ossification

Thyroid hormone replacement

Induces rapid “catch.up™ growth

* Accelerated skeletal maturation

* Long term defect depends on duration of
hypothyroidism

Earty T4 replacement
« Attain predicted adult height and normal BMD

Euthyrold status is essentialto establish peak bone mass

Rivkoes 1968 N Engt J e J18: 599802, 5200rn0 2001 Eur JEngocrindo 145: 37738, Sa)erno 2008 EurJ Enclocringl 151683694
Miutimaior 2007 Eur J Mod Genet SL-208-215, Sogni 1998 Thyroxd 9: ET 1277, Chawla 2015 Thyrowd2s: 11671172




Summary - thyroid hormones and juvenile skeleton

Thyroid hormones act directly in chondrocytes and
osteoblasts

* Regulate intramembranous and endochondral ossification
» Control rate of linear growth and bone maturation

« Stimulate bone formation and mineralization

=) Hypothyroidism
* Delayed skeletal development

« Catch-up following T4 replacement

) Hyperthyroidism

* Accelerated skeletal development
« Short stature

RTHa
« Characteristic skeletal dysplasia typical of congenital
hypothyroidism

Thyroid hormones exert anabolic effects during
bone growth




PL4 THYROID, BONE AND CARTILAGE (lI)
In adults

Hypothyroidism inhibits bone turnover but identification of the
effects on bone mass requires long-term follow-up of untreated
patients.

Thyrotoxicosis is well known to cause severe osteoporosis and
fracture, but cases are rare because of prompt diagnosis and
treatment. Nevertheless, recent data indicate that subclinical
hyperthyroidism, in which the serum TSH concentration is suppressed
but circulating thyroid hormones are normal, is associated with low
bone mineral density and an increased risk of incident fracture.
Similar studies have shown that variation in thyroid status within the
reference range in postmenopausal women is associated with bone
loss and an increased risk of fracture.

In summary, euthyroid status is required for normal post-natal
growth and bone mineral accrual and is fundamental for maintenance
of the adult skeleton.



Thyrotoxicosis is a well-established cause of osteoporosis

* Untreated thyrotoxicosis
~ Well known cause of bone
loss

« Increased fractures

» History of thyrotoxicosis

- Associated with low BMD
and fracture

* Meta-analysis of
thyrotoxic patients
- Increased relative risk of
hip fracture




Thyroid hormones increase osteoclastic bone resorption

Hypothyroid

Euthyroid

1}'

Osteoscler;);is

Osteoporosis
Reduced bone resorption

Increased bone resorption




ESCEO-IOF Symposium ESCEO-IOF Working Group

Role of orthopaedic surgeons to ensure optimal Vitamin D levels in
patients operated for an osteoporotic fracture

Chairpersons: Didier Hannouche, Gerrit Maier

» Introduction and scope of the problem
René Rizzoli

» Prevalence of Vitamin D sufficiency/deficiency in patients
admitted to the orthopaedic ward
Nicholas Harvey

» Benefits of Vitamin D in patients with fragility fracture
Kyriakos Papavasiliou

> Supplementation with Vitamin D during rehabilitation
Giovanni lolascon

> Closing remarks - Maria Luisa Brandi

Meet-The-Expert Session 5
Calcium-vitamin D, still a role in osteoporosis management?
Elaine M. Dennison



https://econgress.wco-iof-esceo.org/recorded-sessions/meet-expert-sessions/meet-expert-session-5

Vitamin D System: Plurifunctions

Brain
Immune system s :!ne:teloznent
- innate (prevention of infections) TA0LOY INCUON
- behavior

- acquired (auto immune diseases

Hormone secretion
- FGF-23
-PTH
- insulin
Calcium / bone homeostasis Metabolic&syndrome
- intestine
- osteoblasts / osteocytes Energy homeostasis

- osteoclasts

Bouillon & Carmeliet Best Pract Res Clin Endocr Metab 2018



Severe vitamin D deficiency in Swiss hip fracture patients

Severe 25(0OH)D deficiency:

B0 - 25(0OH)D = 30 nmol/l (12 ng/mi|
FE
60
W percent indrviduals
o 1 wailh Sanniid il
deloiency
B percent indhvaduals
walth witlD
Supplimnlation

Type of dwelling

Bischoff-Farrari ef al Bone 2008



U-Shaped Association Between Serum
25-Hydroxyvitamin D and Fracture Risk in
Older Men: Results From the Prospective
Population-Based CHAMP Study

40 ® Hip % Wrist
a5 »Spine = Humerys
n Rb Other
30 =~ 12 10
25
20

Number of fractures

1'662 Men,

70-97 Yrs

4.3Yrs 1636 O3 c48 {4810 < 59) 60-70 34
Craimtien of : nmol/ml

Bleicher et al JEMR 2014



TABLE | RBaseline characteristics of patients’

Walues

Age. y
Female sex. %
Caucasian race, %
BMI, kg/m?
< 18.5 {underweight), %
185 to <= 25.0 (normal weight), %
250 to < 30.0 (overweight), %
=30 {obese), %
25-Hydroxyvitamin [, ngfml.

82 + 7 (65-102)

T3
93

245 + 4.7 (12.9-50.8)
f
54
30
[0

220+ 9.6(2.9-57.4)

ipses’-23

TABLE 2 Association between precperative vitamin D status and outcomes after hip fracture surgery’

Witamin [ concentration

<12 ngfmlL 12 to <20 ng/mL 20 to =30 ng/mL = 30 ng/mL P overall
Ability to walk
30 d, % who walk 35 56 4 58
Unadjusted OR (95% CI) — 230103 5.17) 3.24(1.45.7.26) 2.57 (1.04, 6.36) (.00
Adjusted OR (95% CI) — 261 (113, 5.99) 34E(1.53.795) 2E4(1.12, 7.20) 0.031
60 d, % who walk 51 67 74 13
Unadjusted OR (95% CI) — 1.89 (086, 4.15) 2.7T0(1.22, 595) 2.62 (1.05, 6.55) 0.079
Adjusted OR (95% CT) — 2.67 (1.14, 6.25) 342 (146, B.00) 3.67 (1.37, 9.82) 0.028
Mortality
30 d, % who died 3 5 2 2
Unadjusted OR (95% CI) — 1.85 (021, 16.39) 0.64 (0uD6, 7300 0.71 (004, 11.72) 0.582
Adjusted OR (925% CT) — 1.44 (015, 13.58) 0.54 (04, 6.62) 0.52 (003, 9.22 .631
60 d, % who died L1 b fi 2
Unadjusted OR (95% CI) — 0.80 (023, 2.7 046 (012, 1.72) 0.16 (0,02, 1.51) 0. 304
Adjusted OR (95% CI) — (.56 (015, 2.08) 0.34 (0L0E, 1.400 0.11 (001, 1.05) 0.206

1y = 290 patients in 4 categories: <12 ng/mL {n = 35), 12 to <20 ng/mL (r = 98), 20 to <30 ng/mL (1 = 108), =30 ng/mL (r = 49); ORs were
determined by binary logistic regression analysis, unadjusted or adjusted for age and sex.



Osteoporotic Fracture

Falls

Sway
Walking
Muscle Strength

Osteoporosis
Bone Mass
Geometry
Microstructure

Neuro-muscular Impairment Material level properties

Mechanical Overload

T~

Mechanical Incompetence

/

Fracture ‘

Adapted from Rizzoli, Best Pract Res Clin Endocrinol Metab 2014



25(0OH)D decreases post-arthroplasty

Biomarker Before 48 hours P LInits
CRP 5.01(5.5) 116.0 (81.2) <0.0001 mg/L
25(0OH)D 56.2 (30.3) 46.0 (27.6) 0.0006 nmal/L
VDBP 334 (43) 298 (37) <0.0001 mg/L
uVDBP:Cr 8 (9) 201(25) 0.0004 pg/mmol

Measures taken before and 48 hours post
knee orf hip arthroplasty in 30 patients

Waldron et al., § Climical Pathology 201.2.66(7)



25(0OH)D concentrations in orthopaedic patients

Mean (SD)
Population Mean (SD) age %25(0H)D
Stu Coun ' 2{0OH)D,
<y try (% female) years = Enn <50 nmol/l
nmo <20 ng/ml
fowal, Au ) Ageing B0 Aastralia 113 55 4%
Hao, AN 3030 LA 250 [T1%] B2[TH 55 (4] A5%
346
Bischal-Fedrani, Bone 2008 Switerland 222 (7% 86 (OOt ]; BO%
3 |MH]
Cheee, JEMBM 2030 Singagod e BO1 (T1%) 77.7 (8) A7 EN
Nilkura, | Orthop Surg 2019 lapan 160 [TR%) 84.7 [8.2] 41.3 (18] T1.7%
Fapaiannou, BMC MD 2011 Canada 65 (56%) 8.5 (10.3) 523
ih-Shalom, JCER 2008 It ael 48 |100%) A1 (&) 9.3 (25.3)
Mak, BMCG 2014 Audtralia 218(71%] Bia(r.2) 527 [235) 47%
oo, BMC MD 2020 Singagee Fab ([ 71%] Fr.T 8 501 (185) 5319%
But variation in assay, population, timing all iImportant Harvey N 2020

Where examined fewer associations with comorbidity etc than might be expected



Vitamin D and orthopaedic procedures

- Arthroplasty:
. Low silamin D kevels may resull in longer hospilal stays iolowing TJA
» High presvalencg Of ke vitamin D regls in T.0A palents

« Lo it O bevels (< 20 ngimil) associiid with mcreased sk of posioperativg CompRCations, INCIuCnG peaprcst e i
joinit infiection

- Knee Arthroplasty:

« Witamin D daficaent (< 12 ng/mL) patkents undergoing TEA have significantly worse cutcomes (K55, allernative step-test,
sor-rieder walk lest)

+ Vitamin D daficient mice with intra-articulas knee implants have incréased bacterial burden and increased neutrophil
nfiltration in knee oinl, reversitle with vitamin D2 supplamentabon

- Hip Arthroplasty:
+ Lowwer pre- and posioperative Haimes hip scones in vitamin D defickent THA, patients

+ MO pssocinton botwean vitamin D loweds in THA paticnls & shon-torm posioparaliag oubcomes (in-hospilal milesiones,
i:u'nglh ol !li|-"l:|.'_ pasriopecalive complicationg, WOMAC, 5F-38, Z-minubi walk test, & timasd O lq::lli-dllvl!";":'l- Rsis)

Mloson et al. 2019



Meet-The-Expert Session 5 Elaine M. Dennison
Calcium-vitamin D, still a role in osteoporosis management?

Conclusions

* Calcium is critical for bone mineralisation and MSK
health

* Diet can make an important contribution to calcium
requirements, but supplementation may be
necessary in some cases

* Latest data are reassuring regarding CVD risk in
calcium supplementation

* Requirements vary across the lifecourse

* Online calculators may help patients and physicians
assess their dietary intake and requirements

* Physical activity is an important part of benefit,
especially in earlier life



https://econgress.wco-iof-esceo.org/recorded-sessions/meet-expert-sessions/meet-expert-session-5

How much calcium and D do you
need and why?

Tho optenal ntake of calcium and vitamn D 1S uncontan Based upon ho mola-analyses dscussed bolow, we suggest 1200
mg of calcxam (1otal of dut and supplement) and 800 mlomabonal ursts of vitamin D dadly for most postmancpausal women
with osteoporosss. Alhough the optimal intake (el plus supplement) has not been clearly established n premencpausal
woman or n men with osteaporosts, 1000 mg of caloum (lotal of gt and supplement) and 600 nternational units of vitamn D
dady are generally sugpested We recommend not admunisienng yoarly high-dose (09, 500 000 ndernabonal units) viamn D

These recommendabons are consstont with the Institute of Medcine Diotary Referonce Intakes for calcium and wiamn D (1]
The Amancan Genaincs Socety and the Nabonal Ostecporosts Foundabon recommend & sightly higher dose of vitamin D
supplomontation (at least 1000 and 800 to 1000 intermabonal units dady, respoctively). as wol as caltium supplements, 1o
oldor adults (265 years) 10 reduce the rsk of fractures and falls [2 3] (See EScacy’ bolow and Falis Preventon n
community -dweling oldor pecsons”, secton on Vitamen D suppéementabon’)

Harold Rosen, UpToDate 2021



Up to date 2021

Harold N Rosen

The optimal intake of calcium and vitamin D is uncertain. Based upon the meta-
analyses discussed below, we suggest:

calcium 1200 mg (total of diet and supplement) and

vitamin D 800 international units daily for postmenopausal osteoporosis.

Although the optimal intake (diet plus supplement) has not been clearly established
in premenopausal osteoporosis (or in males with osteoporosis), 1000 mg of calcium
(total of diet and supplement) and 600 international units of vitamin D daily are
generally suggested.

We recommend not administering yearly high-dose (eg, 500,000 international units)
vitamin D.

These recommendations are consistent with the Institute of Medicine Dietary
Reference Intakes for calcium and vitamin D [1]. The American Geriatrics Society and
the National Osteoporosis Foundation recommend a slightly higher dose of vitamin D
supplementation (at least 1000 and 800 to 1000 international units daily,
respectively), as well as calcium supplements, to older adults (=65 years) to reduce
the risk of fractures and falls [2,3]. (See 'Efficacy’ below and "Falls: Prevention in
community-dwelling older persons", section on 'Vitamin D supplementation’.)



https://www.uptodate.com/contents/calcium-and-vitamin-d-supplementation-in-osteoporosis/contributors
https://www.uptodate.com/contents/calcium-and-vitamin-d-supplementation-in-osteoporosis/abstract/1
https://www.uptodate.com/contents/calcium-and-vitamin-d-supplementation-in-osteoporosis/abstract/2,3
https://www.uptodate.com/contents/calcium-and-vitamin-d-supplementation-in-osteoporosis?search=Calcium%20and%20vitamin%20D%20supplementation%20in%20osteoporosis&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1#H1349722
https://www.uptodate.com/contents/falls-prevention-in-community-dwelling-older-persons?sectionName=Vitamin+D+supplementation&search=Calcium+and+vitamin+D+supplementation+in+osteoporosis&topicRef=2023&anchor=H6&source=see_link#H6

The effects of vitamin K on bone; beyond coagulation
Chairperson: Bo Abrahamsen

The biology of the active forms of vitamin K.
Dominic Harrington

The effects of vitamin K on bone health
Geeta Hampson



Simplified overview of potential synergy between
vitamins D and K and bone and cardiovascular health

BMD T
Carboxylation Fracture risk |
Osteocalcin T Vascular calcificatson -|-
dp-ucMGP T Soft tissue
Caldfication <
Calcphylaxis -

International Journal of Endocrinology 2017



Who's at risk of vitamin K
deficiency?

* Those at beginning and end of life /

malaborption/the anorexic patient (stores
depleted <3 days)

* Qvert deficiency causes bleeding

* Subclinical deficiency (with respect to

functionality of extra-hepatic vitamin K-
dependent proteins) is common



Risk factors for deficiency

Suboptimal dietary intake

Intestinal malabsorption as a consequence of
pancreatic insufficiency and bile salt deficiency

Liver disease, diarrhoea, frequent antibiotic therapy,
bowel resection

Exposure to vitamin K antagonists (warfarin or
superwarfarin

Inborn errors of metabolism — VKCFD1 (carboxylase)
and VKCFD2 (KVOR)



Summary

* Sub optimal status in 21°* Century UK?

* Often missed because laboratory diagnostic

tools are insensitive or have poor specificity
(or both)

* Biochemical evidence of suboptimal status is
common in several cohorts



Vitamin K and skeletal metabolism
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Bone Mineralization Soft tissues calcification

Osteoblasts differentiation Osteoclastogenesis




Cellular targets of vitamin K2 in bone remodelling

| .
Hematopoetic Stem Cel MSC - Adipocyte
@ <&
K2
k2—]
Y
OsteoblastsJLinhg cells f

Ostooclasd

am T oS e
e = = v%’ .

B
Osteocytes

Oral Dis. 2017; 23(8): 1021-1028.



Summary

* Vitamin K dependent binding proteins (VDBPs) include a number of proteins
present in bone such as osteocalcin, matrix-gla protein which are involved in
bone formation and mineralization

* Low dietary intake of vitamin K1 and low serum concentrations have been
associated with an increased fracture risk which may be independent of bone
mineral density

* The recommended nutrient intake (RNI) is 1ug/kg body weight per day of K1.
Higher intakes may be required to fully carboxylate the bone-specific VKBPs.

* Intervention trials of vitamin K1 and K2 have shown a potential effect on the
reduction of clinical fractures in post-menopausal women but data are
inconclusive. Further studies are needed to support this.



(OP4 - P397) LEONIE STUDY: POOR COMPLIANCE WITH PATIENT
INSTRUCTIONS FOR TAKING ORAL BISPHOSPHONATES

Conclusion: The results of the LEONIE study show

» high rate of poor compliance with the patient instructions which are
essential for a good absorption of oral BPs

» risk of poor bioavailability of drugs and therefore reduced
therapeutic efficacy.

» They strongly suggest that education of physicians, pharmacists and
patients to this issue is mandatory.

» The use of gastro-resistant oral forms may also be of interest with the

objective of circumvent poor compliance to appropriate drug intake
conditions



OC14
PARATHYROIDECTOMY IS ASSOCIATED WITH REDUCED RISK OF FRACTURE
AND CARDIOVASCULAR EVENTS IN PATIENTS DIAGNOSED WITH PRIMARY
HYPERPARATHYROIDISM - A NATIONAL, RETROSPECTIVE COHORT STUDY

Presenting author: M. Lorentzon
Authors: K. F. Axelsson, M. Wallander, H. Johansson, N. C. Harvey, L. Vandenput, E. V.
McCloskey, L. Enwu, J. A. Kanis, H. Litsne

Association between PHPT and fracture

0.4 A. Any fracture 0.12 B. Hip fracture
0 | HR1.39(1.31-1.48) 0101 HR 1.48 (1.32-1.66)
' 0.08
PHPT
02 Controls 0.08 PHPT
0.04 Controls
0.1
0.02
0 0
0O 2 4 6 8 10 12 0 2 4 6 8 10 12
Years Years \

Unadjusted Cox model. HR (95% CI)



Conclusion

* Patients with primary hyperparathyroidism have increased
risk for fractures, cardiovascular events and death

* Parathyroidectomy was associated with reduced risk of
fractures and cardiovascular events, which could be due to a
beneficial effect of surgery or to a bias in the selection of
patients for surgery



ECTS 2021 - Digital Congress 48th European Calcified Tissue
B Society Congress

Sessions - ?
ECTS 2021 S
AL DIGITAL

LIVE PRIME TIM
MA N 2021 ECTS 0 ‘DHE

ABSTRACT BOOK @ o [? ECTS@HOME 10 June
ECTS 2021 e 'n:l:|:;::: 'y;oour
o co»omsgDIGlTAL gate fe —
.- 1 04-08 MAY LIVE PRIME TIME e
MAY-JUNE 2001 BCTS = HOME
Program & 75 Click here and download
On

Demand E senc o Tecng ogy Upcote Industry
. “sessions I oposters I Networking Exhibition |

S A S i) | H - -~ l\m". IR ¢
DT

Posters ’_ W %‘ A
e N
: R S E PN et ] —=
L‘ | m d* =
Industry m i
Sessions ) =
i
C INTERPLAN o  GYR

Exhibition

?
ECTS 2021 Digital Congress, 6 — 8 May 2021, followed by the
ECTS@Home from 19 — 20 May, 10 — 11 June and on 18 June 2021



Poster number P159

Effect of Hormone Replacement
Therapy on Bone Formation Quality
and Mineralization Regulation

Mechanism in Early Postemenopausal
Woman

Gamsjaeger S, Eriksen E, Paschalis EP

AVA LUDWIG
BOLTZMANN
vAv INSTITU 'hE

Osteology 07.05.2021




Materials and Methods

Area selection criteria

Patients

Paired ilac crest biopsies from 10 early postmenopausal
woman, total number of biopsies =20, 45-55 years of
age and no medication or known influence on calcium
metabolism

Raman microspectroscopy outcomes

* Mineral / matrix ratio (MM)
* Tissue water content (TW)

* Glycosaminoglycan content
* Relative sulfated protegoglycan content
* Pyridinoline content (PYD) s D vant 0,
AL f
* Mineral maturity/ crystallinity (MMC) é ’ 2y ]
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Results

Bone quality of youngest

mineralized tissue
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Summary

Early postemopausal women exhibit limited correlations between
osteoid composition and earliest deposited mineral content.

3 HRT administration for two years affects the osteoid composition.

HRT administration for two years affects mineralization regulation
mechanisms.

A'A ILS-:_.‘,.;:.—'--N‘J
VAV =
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Bone analysis revealed high bone
resorption in Idiopathic Osteoporosis in
young adults

Bastien Leger, Agnés Ostertag, Thomas Funck-Brentano, Caroline Marty,
Corinne Collet and Martine Cohen-Solal

INSERM U1132 et Paris Université
Rheumatology department, hdpital Lariboisiére
Paris



Background

* Idiopathic osteoporosis (10) is uncommon disorder in young adults
before the age <50-55 years.

* The pathogenesis is reported as an osteoblast dysfunction. (cohen icem
2011) However, the mechanism remains unclear.

* The aim of the study was to describe the histomorphometric and
microarchitecture profile in 10.



Methods

* Bone biopsy (BB) collection from Lariboisiere hospital included 19 biopsies from 19 10
patients, performed after exclusion of any secondary causes (i.e. endocrine, Gl,
treatment, eating disorders)

* BB of 10 were compared to 2 groups :
* 16 postmenopausal controls without osteoporosis (Ctrl) (pe vernejoul 1981)
* 31 untreated postmenopausal osteoporotic (U-OP)
* Mean range of literature was also reported (recker Bone 2018)

* Microarchitecture of BB was analyzed using microcomputed tomography
* Histomorphometric analysis for the quantification of the cellular profiles

* DXA, serum bone biomarkers were collected



Table : Clinical, DXA, and biological parameters

Control U-OP 10 p-value
n=16 n=31 n=19
mean % SD mean % SD mean % SD

Clinical
Female (n) 100% (16) 87% (27) 63,2% (12) <0.05
Age (years) 619 + 7.7 633 + 93 342 + 85 <0.0001
BMI (kg/m?) NA 258 % 6.5 240 + 5.1 0.465
DXA
Lumbar Spine density (g/cm?) NA 0921 * 0.192 0.893 + 0.171 0.743
Total hip density (g/cm?) NA 0.786 + 0.093 0.769 + 0.112 0.724
Biology
Ca2+ (mmol/L) NA 24 £+ 01 232 0.1 0.080
Phosphorus (mmol/L) NA 1.08 * 0.280 098 + 0.18 0.325
Vitamine D (ng/mL) NA 404 * 186 355+ 12.7 0.464
PTH (ng/L) NA 415 % 28.0 320 + 11.0 0.560
ALP (UI/L) NA 872 % 505 716 + 27.2 0.366
Osteocalcine (pg/L) NA 3 X A7 246 + 156 0.702
Crosslaps (ng/L) NA 447.6 * 387.7 1002.8 + 733.6 0.167




Biochemical markers of bone remodeling
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Microarchitecture analysis
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Histomorphometric analysis
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Conclusion

BB profile of 10 patients showed :

* no differences in terms of bone volume, but lower TbTh,
indicating reduced bone formation

* A large variation in osteoclast and osteoblast parameters.

* Low bone formation and unexpected high bone resorption
compared to U-OP and controls women despite younger age.

The persistent bone resorption in 10 might be responsible to
bone fragility in addition to reported reduction in bone
formation.
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Approach to Selection of Topics

Predominately articles published in 2020
and 2021

Emphasis on RCTs and ancillary studies
on what’s new or controversial

» Bisphosphonates?
* Denosumab?
« Anabolics?
Focus on romosozumab y il &
Review of quality improvement RCTs  » ~—~—_ _—




What’s New/Controversial with
Bisphosphonates?



Bisphosphonate
Potential Safety Issues

» Osteonecrosis of the Jaw (ONJ)
* Atypical Fractures

* Acute phase reactions

- Esophageal Cancer

- Atrial Fibrillation

* Fracture Non-union

* Uveitis



I

Prevention of ONJ ”
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* Prior to Anti-resorptive Treatment

* Remove oral infection, pathology and use antibiotics
» Extract partially embedded or very poor teeth

» Periodontal stabilization for teeth with excessive mobility in patients
with good dental hygiene

» Anti-resorptives deferred until surgical sites mucosalized (2-3 weeks)

* Inadequate dentures modified, rebased, or replaced, especially along
lingual flange region or at mandibular tori

» After anti-resportive treatment- Prior to

invasive dental treatments

* Bone turnover markers (CTX/NTX) generally not helpful
* Debate over bisphosphonate discontinuation- consider 2 month break

Marx RE. J Oral Maxillofac Surg 2005;63:1567 Vandone AM. Ann Oncol 2012;23:193
Hellstein JW. J Am Dent Assoc 2011;142:1243 Ruggiero SL. J Oral Maxillofac Surg 2014;72:1938




Algorithms of prevention
and management of MONJ

It iz important having
he regster ol the pe
of medicament,
dosage and start date.
Early identification of
s1pms anxd sympiooms

SCENARIO
Patient with osteoporosts
who has not received

anfirgsorplives

and prevention are
prionty.

Sturting antiresorptive
ireaimeenl
Crdominlogical treatment that
includes elimination of
mtactions foc can be
performed simultaneaasly

Starting antiresorptive treatment
Crdontolopical trsatiment ket
mehedes elirninadion of infectious
loct can be perlonmed
cimzltanenusly
Evualuating the mmpact of
comoerollay in the cxealrzalion

Patient with osteoporesiz who comes
receiving antiresorptives and requieres
invasive odontological treatment

SCENARIO 2

L Time of treatment <4 years

Perform the invasive
ditoalveslar
procedure without
slopping the
anfiresnrpive,
mainky if it is orally

The same care as the patienl
who has been in freatment
far mare than £ years
Evaluate the camslative
eifect of comorhudity on
bone metabolism

M Chalem, Archives of Osteoporosis (2020) 15:101

TIME OF TREATMENT =4 YEARS

There is mo evidenos of benefit of

. stopping the atiTesorpive

In case of antresorprives via I'V or 8C, the dental
procedu jhle frim the

baar disi!
Denasumab: & months after the last dose or ap to 15 days
before the next dose,

mide: the antiresmpbive effect may late 2
& dosze, therciom, : e Spociie time T
perfoeming a dental procedure

Use measures that reduce the risk as:
tiliotic treatmeent and vse of baccopharyngesl enflsepiie
k i - Ay he
Fiemoval ol bane sprowles and sharp sdges, rotation and
sdvance of flaps, with the aim of closure for the first fime

| !

Apply the next dose of
anbimeseaplive ance e soll
tissne is healed

Canswuder doag
holidays aecording
the racturn: nsk

The placement af assecintegration implants, lke all
invasive procedures, must be accompanied by an
informed consent that contemplazes the risk of wat
healing and ool Oaseom micgraiing. [n addivon, the

decision to place them willl depend an the risk in =ach
particular case.




Duration of Bisphosponates (BPs) and
Atypical Femoral Fractures (AFF)

(n = 87,820 women)
* 16,180 continued BP for > 3 years

* Forty-six confirmed AFFs occurred during
follow-up

- AFF-free survival significantly greater for BP
treatment < 3 years compared to treatment 23

years (p = 0.004)

Risk of AFF per 100,000

At 5 Years 27
At 10 years 27

Lo JC. BMC Musculoskel Dis 2020;21:801



What Happens After a Drug Holiday of > 2 yrs ?
US Medicare Data Summary (n = 74K)

* Hip fracture (fx)
 Alendronate- 30% 1
* Risedronate- 50% 1
« Zoledonic acid- 30% 1

* Vertebral fractures
 Alendronate- 20% 1
* Risedronate- 60% 1
« Zoledronic acid - 40% 1

* Other fracture types

e 0-40% 0 depending on fracture site Curtis J. Medical Care 2020; 58:1 doi

Black DM. J Clin Endocrinol Metab 2000;85:4118



What’s New/Controversial with
Denosumab?



Percentage Change in BMD From Baseline

Continue Bisphosponates or Switch to
Denosumab ?

»
o

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

O
)

p < 0.0001
p < 0.0001

n= 631701 694 661

Lumbar Spine

p < 0.0001

B <3 years of BP—BP
B <3 years of BP—~DMADb
B =3 years of BP—BP
B =3 years of BP—DMADb

p <0.0001 p <0.0001

624 693 686 656
Total Hip

p <0.0001 “

P= 0.22

p = 0.002

624 693 686 656 168 174 355 363
Femoral Neck 1/3 Radius

Miller P. Osteoporosis Int 2020;31:181




Fractures After Stopping Denosumab
(DMAD)

Single Fractures Multiple Fractures

25 - 25 - B On treatment

B Off treatment

20 - 20 -

per 100 participant-years

Vertebral fracture rates (95% Cl)
per 100 participant-years
Vertebral fracture rates (95% Cl)

PBO DMAD PBO DMAD
r= 116 156 19 121 26 7.0 0.5 9.4
Participant-years = 216.4 83.2 987.1 1573 230.5 86.3 1007.4 158.9

N=122 N=255 N=122 N=255

Cummings S. JBMR 2018;33:190




Infectious Risk with
Denosumab Meta-analysis

Serious 1.21 (1.04- 1.4) 30 21,179
Infectious
Adverse Event

More than 12 M 1.24 (1.05- 1.46) 15, 283
of Rx

ENT infection 2.66 (1.2- 5.91) 15,387

Gl infection 1.43(1.02- 2.01) 16,656

Diker-Cohen T. JCEM 2020;105:1



Infectious Risk with
Denosumab Meta-analysis

Serious 1.21 (1.04- 1.4) 30 21,179
Infectious
Adverse Event

More than 12 M 1.24 (1.05- 1.46) 15, 283
of Rx

NT infection 2.66 (1.2- 5.91)

Gl infection 1.43(1.02- 2.01)

Diker-Cohen T. JCEM 2020;105:1



What’s New/Controversial with
Anabolic Approaches?



Cyclic Teriparatide (TPTD) + Raloxifene
10.0 - vs Daily TPTD

8.0 -
6.0 -
4.0
2.0
0.0
-2.0 -
-4.0 -+
-6.0 - =
-8.0 -

Cyclic TPTD + RAL

Daily TPTD

Mean Change in UDR BMD (%)

Base 3 Months 6 Months
Heenam G. Arch Osteo 2021;15;16:70



Romosozumab ARCH Study
Primary Endpoint: New Vertebral Fracture Through 24 mos

Romosozumab Alendronate lRomosozumab—(o-Alendronato Alendronate-to-Alendronate
12 Months 24 Months
15 4 15
RRR = 48%
p <0.001
|
9 9
z— .04 RRR = 37% > 101
- p=0.003 =
g $
3 | )
o | -3
w v
S 1 5 4
40
0 - . 0
n/N1 = 82/2046 128/2047 12712046 243/2047

n/N1 = Number of subjects with fractures/Number of subjects in the primary analysis set for vertebral fractures. Missing fracture status was imputed by multiple imputation for
patients without observed fracture at an earfier timepoint. n and % are based on the average across 5 imputed datasets. RRR = relative risk reduction

Saag K. NEJM 2017, 377:1417




Romosozumab ARCH Study

Secondary Endpoints:
Nonvertebral Fracture and Hip Fracture

wi~ Romosozumab

Nonvertebral Fractures

20 Primary Analysis
. RRR = 19%
;-\; p=0.040
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0 6 12 18 24 30 36 42 48
Month
Alnto Aln (n=) 2047 1873 1755 1661 1590 1097 697 330 110
Romo to Aln (n=) 2046 1867 1778 1693 1827 1114 714 350 109

n ~ oumber of subjects st nsk for event at time point of interest. Aln ~ alendronate; Romo

- ® ~ Romosozumab-to-Alendronate

Cumulative Incidence (%)

—&-— Alendronate - ® — Alendronate-to-Alendronate
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0 6 12 18 24 30 36 42 48

Month
2047 1914 1821 1750 1690 1182 755 364 124
2046 1900 1829 1768 1715 195 772 379 125

Saag K. NEJM 2017, 377:1417




Serious Adverse Events in ARCH

Month 12
Double-Blind Period

Romosozumab Alendronate
N = 2040 N = 2014

All adverse events 1544 (75.7) 1584 (78.6)
Serious adverse events 262 (12.8) 278 (13.8)
Adjudicated serious cardiovascular event? 50 (2.5) 38 (1.9)

Cardiac ischemic event 16 (0.8) 6 (0.3)

Cerebrovascular event 16 (0.8) 7 (0.3)

Heart failure 4(0.2) 8 (0.4)
Cardiovascular death 17 (0.8) 12 (0.6)

Non-coronary revascularization 3(0.1) 5(0.2)

Peripheral vascular ischemic event not
requiring revascularization 0(0.0) 2(<0.1)

Death 30 (1.5) 21 (1.0)

Data are n (%). N = number of subjects who received > 1 dose of investigational product. *Adverse events adjudicated positive by an independent adjudication committee. Cardiovascular
deaths includes fatal events adjudicated as cardiovascular-related or undetermined (presumed cardiac-related). "Incidence rates through primary analysis were
cumulative and included all events in the double blind and open-label period in subjects who received > 1 dose of investigational product.

Saag K. NEJM 2017; 377:1417




Serious Adverse Events in ARCH

Month 12
Double-Blind Period

Romosozumab Alendronate
N = 2040 N = 2014

All adverse events 1544 (75.7) 1584 (78.6)
Serious adverse events 262 (12.8) 278 (13.8)

Adjudicated serious cardiovascular event? 50 (2.5) — 1.9)

Cardiac ischemic event 16 (0.8) 6 (0.3)
Cerebrovascular event 0.8) 7 (0.

Heart failure 4(0.2) 8 (0.4)
Cardiovascular death 17 (0.8) 12 (0.6)

Non-coronary revascularization 3(0.1) 5(0.2)

Peripheral vascular ischemic event not
requiring revascularization

Death 30 (1.5) 21 (1.0)

0 (0.0) 2(<0.1)

Data are n (%). N = number of subjects who received > 1 dose of investigational product. *Adverse events adjudicated positive by an independent adjudication committee. Cardiovascular
deaths includes fatal events adjudicated as cardiovascular-related or undetermined (presumed cardiac-related). "Incidence rates through primary analysis were
cumulative and included all events in the double blind and open-label period in subjects who received > 1 dose of investigational product.

Saag K. NEJM 2017; 377:1417




Romosozumab BRIDGE Study in Men

Treatment-Emergent Adverse Events
Romosozumab 210 mg QM Placebo
N =163 N=81
n (%) n (%)
Any adverse event 123 (75.5) 65 (80.2)
Serious adverse event 21 (12.9) 10 (12.3)
Adjudicated cardiovascular event” 8 (4.9) 2 (2.5)
Death 1(0.6) 1(1.2)
Adjudicated cardiovascular death” 1(0.6) 1(1.2)
Leading to discontinuation of investigational product 5(3.1) 1(1.2)
Events of interest
Hypocalcemia 0 (0.0) 0 (0.0)
Hypersensitivity 8 (4.9) 4(4.9)
Injection site reactions 9 (5.5)° 3(3.7)
Malignancy 3(1.8) 2 (2.5)
Hyperostosis 0 (0.0) 0 (0.0)
Osteoarthritis 8 (4.9) 4 (4.9)
Atypical femoral fracture” 0 (0.0) 0 (0.0)
Osteonecrosis of the jaw’ 0 (0.0) 0 (0.0)
Subject incidence of anti-romosozumab antibody
formation
Binding antibodies 29 (18.0) NA

Neutralizing antibodies 0 (0.0) NA
N = number of subjects who received = 1 dose of investigational product. n = number of subjects with = 1 event. NA = not applicable; QM = once
monthly. 20Only includes events adjudicated positive by independent adjudication committee. "Adjudicated cardiovascular death events include fatal

events adjudicated as cardiovascular-related or undetermined. “Most reactions were reported as mild in severity. c
EM Lewiecki JCEM 2018;103:3183




Regulatory Action on
Romosozumab

* FDA Advisory Committee (1/19)-
Recommended approval of Romosozumab
(19 yes vs 1 no)

- Cardiovascular signal in trials 20110142 and

20110174 - “FDA Black Box” Warning
(Warning and Precaution for cardiac risk)

- EC approval late 2019




Romosozumab - Adverse Effects

Summary

« Overall Safety in FRAME, ARCH, STRUCTURE, BRIDGE
+ Most adverse events balanced between treatment arms
« 5% injection site reactions, 2 ONJs and 1 AFF by 24
months in FRAME, none during double blind period of
ARCH, or in STRUCTURE, BRIDGE

« Small numerical differences in CV AEs in ARCH, BRIDGE
* Possibly due to alendronate being cardioprotective
* Possibly due to chance since not seen in larger FRAME
* Possibly real and just not seen in a lower risk population

(FRAME) Cosman F. NEJM 2016; 375:1532
Sing CW. J Bone Miner Res 2018. doi: 10.1002/jbmr.3448
Liu Y. Climateric 2018;21:189




Bisphosphonates Meta-analysis of CV Outcomes

Bisphosphonates Control Risk Ratio Risk Artio
Random, 95% CI Random, 95% CI
Events Total Events Total Weight
Adami 2004 23 392 5 128 1.7% 1.50 [0.58, 3.87] =
Atula 2003 35 538 18 541 4.5% 1.96 [1.12, 3.41]
Black 2007 164 3852 166 3862 18.7% 0.99 [0.80, 1.22]
Boonen 2009 191 93 0.5% 0.32[0.06, 1.91)
Chevrel 2006 31 33 0.2% 3.19[0.13, 75.43)
Dalbeth 2014 50 50 2.1% 1.00 [0.43, 2.31]
Deamaley 2003 155 54 0.2% 9.06 [0.49, 166.82]
Eastell 2011 57 57 1.3% 1.40 [0.47, 4.15)
Eggelmeijer 1996 54 54 0.2% 3.00 [0.12, 72.05)
Ernst 2003 104 105 0.2% 0.14 [0.01, 2.76)
94 93 0.2% 2.97 [0.12, 71.951]
997 502 10.5% 1.06 [0.76, 1.48]
77 90 0.7% 1.56 [0.36, 6.75)
Lyles 2007 1054 1057 14.4% 0.89 [0.68, 1.16)
McClung 2006 46 46 0.4% 1.00 [0.15, 6.80]
Orwoll 2000 23 146 95 4.1% 0.94 [0.52, 1.68]
Recker 2004 455 1911 949 27.2% 0.94 [0.82, 1.08]
Reginster 2000 68 815 407 8.5% 0.89 [0.61, 1.31]
Tee 2012 0 22 22 0.2% 0.33 [0.01, 7.76]
von Minckwitz 2013 61 1996 998 4.4% 2.03 [1.16, 3.56)
Total (95% Cl) 12582 9338 100.0% 1.03 [0.91, 1.17]
Total events 1054 678

Heterogeneity: Tau? = 0.01; Chi? = 22.51, df = 19 (P = 0.26); P = 16% 0.01 0.1 ' 10 100
Test for overall effect: Z = 0.52 (P = 0.60)
Test for subgroup differences: No applicable

Greenspan 2013
Hosking 1998
Klotz 2013
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Kranenburg G. Atherosclerosis 2016;252:106




Second Course of Romosozumab
Following Placebo or Denosumab

":"‘ Lumbar Spine

Placedbo OM (N=30)
30 4

254
204

Placebo QIM (N=22) Placebo
SC OeM

(Nw131)

Romosorumab 70 mg OM (NeS1)

210 mg QM

(N=167)
(N=129

Denosumaby
- 80 mg SC OsM

210 mg QM (N=82)

Alendronate 70 mg QW* (N=51)

Terparatide 20 ug OGD" (N=55)

Percentage Change From Baseline

~ L
Romosozumab Denosumad  Homosozumab
Dowble-dlind Extention Second-cowse
Pericd Pericd Period

Total Hip
e

15+

4

Percentage Change From Baselin:

J J T J \J 1
24 30 36 39 42 48
Month

Kendler DL Osteoporosis Int 201 9: 3037 Romosozumab (210 mg QM) ® Placebo ® Denosumab (60 mg Q6M)




Zoledronate after Romosozumab

Lumbar Spine

30+
25 4

Zoledronate
Lumbar Spine

Romosozumab Zoledronate
No further active treatment 30 (210 mg QM) (5 mg Single Dose)
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Romosozumab Zoledronate
No further active treatment 30 = (210 mg QM) (5 mg Single Dose)

25+
20 +
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10 4
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O-AL:
-5 4

Percentage Change From Baseline

36

McClung M et al., Osteoporos Int 2020 31:2231-41




Very High Fracture Risk Patients

Initial use of anabolic agents consistent with Endocrine Society Guideline

All Postmenopausal Women
1) Lifestyle and nutritional optimization for bone health especially calcium and vitamin D
2) Determine the 10-year fracture risk according to country-specific guidelines

4 \J

Low-Moderate Risk High-Very High Risk
|

Y Y

Low Risk Moderate

Risk

v

Reassess
fracture risk
in 2-4 yrs

High risk: prior spine or hip fracture, or hip or spine T-score <-2.5, or 10-year hip fracture risk 2 20 %
Very high risk: multiple spine fractures and hip or spine BMD T-score < -2.5 Shoback D. JCEM 2020 105:587




Conclusions

ONJ and AFF rare, but better understanding
of risk factors and possible prevention rx

Denosumab needs an exit strategy, likely a
bisphosphonate (?alendronate)

Anabolics may reduce fractures more than
anti-resorptives in some high risk patients

Romosozumab
« Potent dual mechanism “niche” therapy
« CV safety questions persist
» May follow Dmab, benefits from Zol or Dmab after

Final Frontier — Translating Research into
Practice




Long-term Osteoporosis Treatment:
The personalised approach

CSS1-3: Identification and treatment of
osteoporosis based on individual fracture risk
Speaker: Felicia Cosman, United States



Objectives

Long-term treatment considerations and risk stratification
—|dentification of the very-high-risk patient
Treatment strategies for highest risk patients
—~Anabolic first treatment
* Rapid and sustained fracture risk reduction
* Optimal BMD gain
Recent osteoporosis treatment guidelines
Simple case studies

AMD. bore muneral denslty



Risk Stratification

Low Risk Moderate Risk High Risk Very High Risk
No prior fracture, No prior fracture, and Prior fracture (more than 2 years earlier), :::ih:TO':T\:r
T-Score 2 -1, and T-Score between -1 and -2.5 or T-Score S -2.5, or T-Score between -1 S
10-year FRAX probabilities and FRAX 10-year probabilities and -2.5 with FRAX 10-year probabilities 2 ”y" o thask
< 20% MOF, < 3% hip < 20% MOF, < 3% hip 20% MOF or 2 3% hip ; 2
Goal: Maintain BMD Goal: Improve BMD/reduce fracture risk
: . : Goal: Reduce
Some benefit from sequential * Younger women may benefit from SR
No pharmacologic antiresorptive monotherapy esp estrogens/raloxifene especially if spine idly and
treatment needed those with BMD close to -2.5 T-Score low and hip > -2.5 dt
. : potently; increase
* Estrogens in early menopause +* Usually bisphosphonates or denosumab
: . BMD quickly and
* Raloxifene 50s to late 60s * Anabolic agents appropriate for some ntly

* Bisphosphonates mid/late 60s

Modified from Camacho PM, et al. Endocr Pract 2020;26:1-46,
Shoback D, et al. J Clin Endocrinol Metab 2020;105:587-94 and
Ferrari S et al, Swiss Med Wkly 2020;150:w20352 FRAX, fracture risk assessment tool; MOF, major osteoporotic fracture.




Patients at Very High Imminent Risk (= 10% in 2 years)

Recent clinical or radiographic vertebral fracture.
History of multiple prior fractures?
TH T-Score < -3, especially with additional factors®
— Single fracture occurring more than 1 year ago
— Advanced age
— Chronic diseases/meds
— Poor physical function and falls

* Treatment goals for these patients:

—Improve skeletal strength and BMD rapidly to reduce risk of both vertebral
and non-vertebral fractures>®

- Can we accomplish this faster or to a greater extent with anabolic medication?

1. Balasubarmanian A, et al. Osteoporos Int 2019; 30:79-92; 2. Lindsay R, et al. JAMA 2001;285:320-3;
3. Gehlbach SH, et al, Osteoporos Int 2007;18:805-10; 4. Adachi JD, et al. Arch Osteoporos 2019;14:53;
5. Thomas T, et al. Osteoporosis Int 2020;31:2303-11; 6. Black DM, et al. Lancet Diabetes Endocrinoi2020;8:672-82. TH, total hip.




Treatment of High-risk Patients:
Efficacy with Highest Potency Antiresorptives

Vertebral fracture risk reductions 60-70% within 1 year!-?
Non-vertebral fracture risk reductions at best 20—-25% and not seen before 3 years*?

L
HORIZON? - FREEDOM?
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3 6 9 12 15 18 21 24 27 4 33 36 0 6 i 18 24 30
Time to First Clinical Non-vertebral Fracture (months) Tiene 10 First Noo-vertebral Fracture (months)

1. Black DM, et al. N Eng J Med 2007;356:1809; 2. Cummings SR, et al. N Engl ] Med 2009;361:756-65.




Pivotal Teriparatide Fracture Trial
Fracture Effects Over 19 Months

Vertebral fracture Non-vertebral fracture

=5 Placebo PTH, 20 = o
A SR Rt AT P < 0.02 vs placebo
: §° |
g ] v
s 10 - 3 4
® S
W 3 o 3 4
g g
5 8 2 -
g 4 4 & :

2 y

0 0 T

2 1 fracture > 1 fracture 2 1 moderate or Placebo PTH, 20 ug

severe fracture

Neer RM, et al. N Engl ) Med 2001;344:1434-41. PTH, parathyroid hormone; RRR, relative risk reduction.




FRAME: New Vertebral Fracture Incidence Through
Month 12 (Co-primary Endpoint)

2.0 -
£ 15
3
c
<
t
=
2 0.5 -
v
0.0 4
/N1 =

m Placebo (N = 3,591) = Romosozumab (N = 3,589)

RRR = 46%
P=0.056

RRR = 73%
P=<0.001

0.4% 0.5%
L] 1
Through Month 6 Through Month 12
26/3262 14/3265 59/3322 16/3321

n/N1 = number of subjects with fractures/number of subjects in the primary analysis set for vertebral fractures
P-value based on logistic regression model adjusted for age (< 75, 2 75) and prevalent vertebral fracture

Cosman F, et al. N Engl ) Med 2016;375:1532-43; Cosman F, et al, ASBMR 2016 (oral presentation): 1096.




FRAME: Non-vertebral Fracture Outcomes
Through Month 12

Overall FRAME population# Non-vertebral fracture incidence through month 12 in Latin America
(43% of FRAME population) vs Rest-of-World*?
» Placebo = Romosozumab » Placebo » Romosorumab
4 4 Treatment-by-subgroup interaction (P = 0.041)

Risk reduction = 42%
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Non-vertebral Latin America Rest-of-World*
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*Regions excluding Latin America grouped post hoc. n/N1 = number of subjects with fractures/number of subjects in the full analysis set.
Non-vertebral fractures exclude fractures of the skull, face, metacarpals, fingers, and toes, pathologic fractures and those due to high trauma

1. Cosman F, et al. N Engl ) Med 2016;375:1532-43; 2. Cosman F, et al. ] Bone Miner Res 2018;33:1219-26.




ARCH: Incidence of New Vertebral Fracture Through
Month 24 (Co-primary Endpoint)

12 Months’ 24 Months'
Romosozumab  m Alendronate Romosozumab-to-Alendronate
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2 4 (82/2046)
0

n/N1 = number of subjects with fractures/number of subjects in the primary analysis set for vertebral fractures,

*Missing fracture status was imputed by multiple imputation for patients without an observed fracture at an earlier time point. n and % are
based on the average across 5 imputed data sets; *RRR at 12 months by LOCF: 36% (nominal P = 0.008): romosozumab 3.2% (55/1696) vs
alendronate 5.0% (85/1703); $RRR at 24 months by LOCF: 50% (nominal P < 0.001): romo-to-ALN 4.1% (74/1825) vs ANL-to-ALN 8.0% (147/1843)

Saag K, et al. N Engl ) Med 2017;377:1417-27. LOCEF, last observation carried forward.




ARCH: Sustained Fracture Risk Reductions During
Antiresorptive Treatment

m Alendronate after 12 months of alendronate Alendronate after 12 months of romosozumab
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New or worsening vertebral

/N1 = 76/1568 19/1573

Cosman F, et al. J Bone Miner Res 2020;35:1333-42.

6,0
RRR = 40%
P < 0.041
n u
Non-vertebral Hip
127/1726 105/1739 42/1726 25/1739




Subjects experiencing event (%)
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FRAME Extension: Time to First Clinical and
Non-vertebral Fracture Through Month 36

we Placebo (N » 3,591)

Clinical fractures

Placebo vs Open-label Extension
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Lewiecki EM, et al. ) Bone Miner Res 2019;34:4195-28.

Romosozumab (N » 3,589) === Placebo-to-dencsumab

* Romosozumab-to-dencsumab

Non-vertebral fractures
Placebo vs Open-label Extension
6~ romosorumab dencsumab denosumab
5 4 RRR = 25% '
P=0.057 ;

41 " RAR - 21%
HR=0.79

3 4 (95% 0 063-099)
P=0.03

r

14

0 4= - . v v v .

0 6 12 18 24 30 36
Study month
59 3144 2956 2750
3589 3145 2959 2738

Non-vertebral fractures comprised the majority (more than 85%) of clinical fractures. n = number of subjects at risk for event at
time point of interest. Relative risk reduction and P-values for 12-month and 24-month periods are adjusted values based on a
sequential testing procedure as reported for the primary analysis. P-values for month 36 are nominal

DMAD, denosumab; Pbo, placebo.




Very-high-risk Patients:
Optimal Treatment Sequences

First treatment goal

— Preventing incident fracture can be accomplished faster and to a greater extent
with anabolic agents?

— Antifracture effects are sustained after transition to antiresorptive therapy?-

Second treatment goal to increase BMD T-Score to > -2.5

—What is the evidence that BMD on treatment is associated with bone strength
and how can we best achieve the treatment target?

1.Saag K, et al. N Engl ) Med 2017;377:1417-27; 2. Cosman F, et al. ) Bone Miner Res 2020;35:1333-42; 3. Cosman F, et al. ] Bone Miner Res 2018;33:1219-26;
4. Lewiecki EM, et al. ) Bone Miner Res 2019;34:419-28; 5. Cosman F. Endocr Pract 2020;26:777-86; 6. Kanis JA, et al. Osteoporos Int 2020;31:1-12.




FRAME Extension:
Spine and Hip BMD Through Month 36

e Placebo v ROMOsozuUmMab

i

Percentage change from baseline

Lumbar spine

18.1%*
16.6%* -4
13.1%*
810.5%
A11.1%
A12.7%
7.5%
5.5%
—8 . -
12 24 36
Study month

*Nominal P < 0.001. Data are least-square mean (95% Q) based on ANCOVA model adjusting for treatment, age, and prevalent vertebral fracture stratification variables,
baseline value, machine type, and baseline value-by-machine type interaction, For subjects with a baseline and at least one post baseline DXA, n = 3176 for placebo and
n = 3169 for romosozumab at the lumbar spine, and n = 3256 for placebo and n = 3237 for romosozumab at the total hip

Lewiecki EM, et al. ) Bone Miner Res 2019;34:415-28.

Placebo-to-denosumab Romosorumab-to-denosumab

= . ~N
=] o o o

o

Percentage change from baseline

o

Study month

ANCOVA, analysis of covariance; DXA, dual-energy X-ray absorptiometry.



AACE Guidelines: Very-high-risk Patients
Definition and Management

R23. Consider patients with a (e.g. within the past 12 months),
fractures while on approved osteoporosis therapy, , fractures
while on drugs causing skeletal harm (e.g. long-term glucocorticoids),

, high risk for falls or history of injurious falls, and very
high fracture probability by FRAX® (e.g. major osteoporosis fracture > 30%, hip
fracture > 4.5%) or other validated fracture risk algorithm to be at very high
fracture risk

R25. , denosumab, 3 , and zoledronate
should be considered for patients unable to use oral therapy and as

Camacho PM, et al. Endocr Pract 2020;26:1-46.




