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Effect of High-Dose Vitamin D Supplementation
on Volumetric Bone Density and Bone Strength
A Randomized Clinical Trial

Bone mineral density loss at 3 years by vitamin D dose
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59 400 4.000 10,000

? U/ day U/ day IU/day
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2%

:
- l . :
Radius Tibia Radius Tibia
Women Men

Note: The study involved 311 subjects, with about 50 men and 50 women In each dose group.
Source: J Bone Miner Res. 2020 Aug 10. doi: 10.1002/Jomr.4152

In addition to total volumetric BMD, a similar dose-response relationship was found for
cortical volumetric BMD.

Younger females, closer to menopause, lost larger amounts of total volumetric BMD than
older females at both the radius and tibia.
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Table 1. Participant characteristics for females and males at baseline.

400U 4000 TU 10,000 IU
Vartable Female Male Female Male Female Male
Lumbar spine T-score © 0.6 (1.1) 0.5 (1.5) 0.2(1.2) 0.6 (1.3) 20.8 (1.0) 0.9 (1.4)

Total hip T-score ¢ -0.5(0.8) 0.6 (1.0) -0.3 (1.0) 0.7 (1.0 -0.6 (0.8) 0.5(1.1)



Table 1. Participant characteristics for females and males at baseline.

400 U 4000 IU 10,000 IU

Variable Female Male Female Male Female Male

Plasma CTx (Beta-Crosslaps) (ng/L) ¥ 371.2 (125.5) 308.7(106.9) 372.8 (130.6) 307.9 (124.0) 390.1 (117.2) 303.8 (121.6)

The increase in bone resorption with higher doses of vitamin D,
indicated by higher CTx in females, is not unexpected. High dose
vitamin D3 supplementation results in increased conversion into the
active vitamin D metabolite, calcitriol, and may also stimulate local
(autocrine) synthesis of calcitriol within the bone cell environment.
Calcitriol has been demonstrated to act directly on bone cells
through the vitamin D receptor.

Although the vitamin D receptor is expressed in osteoblasts and
osteoclasts, it appears calcitriol’s main effect on bone resorption is
primarily through stimulation of osteoblasts to facilitate recruitment
of osteoclast precursors and activation of osteoclasts.



Effects of Supplemental Vitamin D on Bone Health
Outcomes in Women and Men in the VITamin D and
OmegA-3 Trial (VITAL) (2000 IU/d)

Table 1. Characteristics of the Bone Health Subcohort at Baseline According to Randomized Assignment to Vitamin D3 Versus Placebo

Groups

Characteristic Total (N=771) Vitamin D3 group (n = 388) Placebo group (n = 383) p Value

Baseline total ZS(OH)D (nmol/L)f’ mean(SD),N=770 69.1(22.7) 674(222) 71.1(23.2) 0.025

27,64ng/ml 26,96 ng/ml 28,44 ng/ml

Absolute Change in aBMD Measures Over 2 Years

Treatment

- . a Place bo
* Vitamin D

i .
) -0.22%
-0.76% >
-0.15%

aBMD (g/cm2)

-0.27%
0.33%

6B -0.95%
0.17%

Total Hip Whole Body

Femoral Neck Hip Spine
P=0.16 P=0.55 P=0.23 P=0.60

There were no effects of daily supplemental vitamin D3 on pQCT
outcomes at the radius or tibia
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A decade of FRAX: how has it changed the management

of osteoporosis?
John A. Kanis,Nicholas C. Harvey, Helena Johansson,Enwu Liu, Liesbeth Vandenput
Mattias Lorentzon, William D. Leslie, Eugene V. McCloskey

Aging Clinical and Experimental Research (2020) 32:187-196

* To Frax dnuioupynbnke to 2008 kai TTapéxel Eva aAyopiOuo 101Ko
yia KaBe xwpa ekTipnong tng 10 mlavoTnTac KATAYyNATOC I0XioU N
MEICOVWY KaTayuATWYV (10Xi0, KAIVIKG OTTOVOUAIKA, avTIBpaxiou,
Bpaxioviou).

e O J1adIKTUOKOC TOU TOTTOC OEXETAI TTEPITTOU 3 EKAT. ETTIOKEWYEIC TO
XPOVO.

* To Frax éxel evowpatwOei o€ avw atrd 80 KAIVIKEG 0dnyieg
TTAayKOouIa



Screening with FRAX

H peAétn SCOOP gyive o€ 5 kEvTpa Tou HvwuEvou BaaiAgiou Kal
gival Tuxalotroinuévn eEAeyXOuevVn DIAPKEIOC S ETWV. 2UMTTEPIEAABE
yuvaikeg nAikiag 70-85 eTwv 110U TUXAIOTTOINONKAV VO AdBouv
Oepartreia Bacel FRAX (6233) n Baoel TNG oTpartnyiknig case finding
(6250).

To screening Baocel frax ouvodeUTNKE ATTO PEIWON TOU KIVOUVOU TWV
KATayMAaTwy 10U 1oXiou (HR 0.72; 95% CI1 0.59-0.89;p = 0.002),ka1 n
MEiwaon ATav JEYaAUTEPN 600 auAavovTav 0 BAacIKOG Kivouvoc. Agv
UTTPEE ONUAVTIKN MEIWoN OAWV Twv KaTtayudTwy (HR 0.94; 95% CI
0.85-1.03).

H oTpatnyikn Tou screening ouvodeuTNKE ATTO aUc¢non TnNS Xprong
QVTIOOTEOTTOPWTIKWY QAPPAKWY Kal KAAUTEPN CUPMOPPWON KATA TN
dIAPKEIA TNG TTAPAKOAOUBNONG.

Emimrpdo0OeTa rav cost-efffective



FRAX for connoisseurs

relatively simple arithmetic procedures have been proposed which can
be applied to the conventional FRAX estimates of probabilities of hip
fracture and a major fracture to adjust the probability assessment with
knowledge of:

high, moderate, and low exposure to glucocorticoids
concurrent data on lumbar spine BMD

information on trabecular bone score (TBS)

hip axis length

falls history

immigration status

type 2 diabetes

chronic kidney disease

recency of vertebral fracture



Official Positions for FRAX Clinical Regarding
Falls and Frailty:
Can Falls and Frailty be Used in FRAX?

Option 1
Adding the number of falls in the previous year as
a separate risk factor to the FRAX algorithm.

the FRAX team should examine ways of
incorporating information from other studies
such as SOF or other large observational studies.

For example the SOF data suggests that each
extra fall (up to 5 or more) in the previous year
increases the 10-year hip fracture risk by 30%.



* Option 2

* |n the absence of incorporating falls history
into the FRAX algorithm, the other option, in
the shorter term would be to make the FRAX
user aware of the current limitations of FRAX
(i.e., lack of falls as a risk in this case, which is
likely to underestimate 10 year risks in
patients with falls, especially recurrent falls).



Option 3

The falls subgroup considered whether other parameters such as
sarcopenia, frailty and functional status could also be incorporated
in FRAX in trying to further improve 10 year fracture risks.

Although there are studies suggesting this approach may have
some utility, the view of the subcommittee was that a falls history
incorporated these parameters.

For a busy clinician, asking a falls history is straight forward and not
time-consuming, whereas assessing sarcopenia,frailty or functional
status are problematic, suffer from lack of universally accepted
definitions and assessment tools, are time-consuming, and
therefore will not be practical.



* Option4

 The guidance given to clinicians in FRAX
therefore should include statements about the
importance of falls prevention.

* Options include developing a care pathway for
falls assessment and management



Recency of vertebral fracture

Age 10-year probability of MOF Ratio
(A) Recent vertebral  (B) Prior fracture in
fracture adult life
50 29.0 11.7 2.47
60 36.1 19.4 1.86
70 41.9 27.6 1.52
80 42.5 34.2 1.-24
90 34.7 33.3 1.04

BMI set at 25 kg/m?

The right-hand column provides the ratio by which to adjust FRAX
probabilities by virtue of a recent clinical vertebral fracture. Probabil-
ities and ratios are derived from the UK



POSITION PAPER
Adjusting conventional FRAX estimates of fracture probability

according to the recency of sentinel fractures

John A Kanis, Helena Johansson, Nicholas C Harvey, Vilmundur Gudnason, Gunnar
Sigurdsson, Kristin Siggeirsdottir, Mattias Lorentzon, Enwu Liu,Liesbeth Vandenput
Eugene V McCloskey 9th April 2020

E I T T T R

ICELAND 2.62 1.84 1.50 1.23 1.01
UK 2.47 1.86 1.52 1.24 1.04
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Algorithm for the management of patients at low, high and very high  Updates
risk of osteoporotic fractures
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Initial assessment
FRAX: Clinical risk factors

v

[ Measure BMD ]

Osteoporosis International (2020) 31:1-12

Recalculate FRAX

v

High risk ]
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Table 1 Examples of risk assessment in women from the UK (BMIset  hip fracture, exposure to glucocorticoids, exposure to higher than average
2 L il L ¥ i il L Ll @ & b & -

to 25 kg/m”). Risk factors include prior fracture (of uncertain recency),  doses of glucocorticoids and bone mineral density (BMD) T-score at the

prior clinical vertebral fracture within the past two years, family history of  femoral neck

Age (vears) Prior fracture Recent spine fracture Family history GC GC highdose BMD (T-score)  10-year probability (%) Category of risk

10 Yes : 2 Low'
10 Yes - 17 Low
10 Yes Yes - 30 Very high
70 Yes - 30 Very high
60 Yes -1) 10 Low
60 Yes =20 13 High
60 Yes Yes -20 5 Very high

] & e A B w B A
(Qualifies for treatment by virtue of a prior fracture



VERY HIGH RISK* m LOW RISK*

If one or more of the below is
true':

If any of the below is true':

If all of the below are true'™:

d Fxwithin past 12
months*

d Multiple Fxs*3
J Fxwhile on OP Tx!

Jd Fxwhile on medication
harmful to bonel

Q Very low T-score <=3.04

Age: postmenopausal* +
Q Prior Fx (>12 mos) or**?
d T-scores-2.5or?

d T-score-1.0to- 2.5
and FRAX probability

>20% MOF or 23% hip”’V

d FRAX probability >30%

MOF, >4.5% hip* V

d Age: postmenopausal®?
d No prior Fx3

d T-score>~= 1.0 and FRAX
probability <20% MOF and
<3% hip??

1.Camacho PM, et al. Endocr Pract. 2020;26:564-570. 2. Shoback D, et al. J Clin Endocrinol Metab. 2020;105(3):1-8. 3. Eastell R, et al. | Clin Enclocrinol
Metab. 2019;104:1595-1622.4, Kanis JA, et al. Osteoporos Int, 2020;31:1-12,




=

Very high risk

Optimize calcium and Optimize calcium and
vitamin D status vitamin D status

Optimize calcium and
vitamin D status

| 1

k4

Risk appropriate
exercise and falls
prevention

Risk appropriate
exercise

Risk appropriate
exercise and falls
prevention

Consider anabolic
agent followed by

inhibitor of bone
resorption*. Consider
LOEP

MHT, menopausal hormone therapy;
SERM, selective estrogen receptor modulator;
LOEP, local osteo-enhancement procedure



The 2018 Guidelines for the diagnosis and treatment of osteoporosis |
in Greece

Polyzois Makras ' + Athanasios D. Anastasilakis*” + George Antypas®*  Efstathios Chronopoulos” -

Evangelia G. Kaskani?® - Aikaterini Matsouka” - Dimos K. Patrikos >’ + Konstantinos D. Stathopoulos®® «
Symeon Tournis >° + George Trovas® « Christos Kosmidis*'°

ALGORITHM FOR THE TREATMENT OF OSTEOPOROSIS

| Patient under treatment |

v
e

¥

BMD < -3.0

and

Vertebral fracture
and/or
Hip fracture
and/or
= 2 non-vertebral fractures

Archives of Osteoporosis 2019) 14:39



Treatment-related changes in bone mineral density as a
surrogate biomarker for fracture risk reduction: meta-
regression analyses of individual patient data from multiple
randomised controlled trials

Dennis M Black, Douglas C Baver, Eric Vittinghoff, Li-Yung Lui, Andreas Grauver, Fernando Marin, Sundeep Khosla, Anne de Papp, Bruce Mitlak,
Jane A Cauley, Charles E McCulloch, Richard Eastell*, Mary L Bouxsein®, for the Foundation for the National Institutes of Health Bone Quality

Project

Study drug N Mean Median (IQR) Mean baseline  Prevalence of Fracture outcomes,
baseline age, follow-up, months femoralneck  vertebral fracture vertebral/hip/
years T-score at baseline non-vertebral, N

ALN phase 3* (1995)"  Alendronate 994 635(7:0) 36-2(354-366)  -215(072) 233(23-4%) 4168

FIT vertebral fracture Alendronate 2027 70-3(5:6) 36-0(33-8-36-7) -2:44(0-57) 2027 (100%) 223/33/245

(1996)*

FIT clinical fracture Alendronate 4432 67-1(6-1) 507 (48-9-55-0) -2-21(0-50) 0 121/41/494

(1998)=

FOSITT (1999)* Alendronate 1908 627 (7-6) 12.2(12:0-123) -1.97 (0-73) -4]52

Men's studyt (2000)*  Alendronate 241 627(125)  243(241-245) -2-15(0-57) 121 (50-2%) 1/

BONE* (2004)* Ibandronate 2929 687 (6:2) 36-1(31:1-36-5) -210(0-72) 2743 (93-6%) 167/21/229

IBAN |V* (2004)* Ibandronate 2860 67-0(51) 36-4(36-1-36-7) -214(0-69) 2814 (98-4%) 274/26/243
(intravenous)

HIP* (2001)” Risedronate 9331 78-0(5-4) 357 (10-9-36-6) -2.75(0-59) 2890 (31-0%) 497/205/913

VERT—North America  Risedronate 1628 68-4(7-5) 36-1(17-5-36-6) -2.21(0-88) 1272 (78-1%) 180/15/157

(1999)*

VERT—multi-national  Risedronate 814 708 (7-0) 36-2(23-3-36-6) -2-40(0-80) 766 (94-1%) 166/17/100

(2000)7

Horizon 2301 (2007)*  Zoledronic acid 7736 731(54) 36-1(357-36-4)  -271(0:53) 4893 (63.2%) 535/140/679
(intravenous)

Horizon 2310% (2007)*  Zoledronic acid 2127 745(97) 23-3(16-4-30-9) -239(0:91) -/56/186
(intravenous)

LOFT (2019)® Odanacatib 16071 728(53) 48.4(36.0-60.9) -2.66(052)  7330(456%) 891/216/1084

Women's health Hormone therapy 10739 63-6(7-3) 99.5(90-4-1111)  -1.05(1.05) -/139/1331

initiative—E only

(2003)=

Women's health Hormone therapy 16 608 633(7-1) 100-0(91-0-110-9)  -1-24 (1.01) -+/241/2113

initiative—E plus Pt

(2006)*

ACTIVETS (2016)* Abaloparatide 1645 68-8 (6:5) 18-9(18-5-19-1) -215(0-65) 365(22-2%) 36/2/55

FRX prevention trial*fl  PTH(1-34) 1637 689 (7-0) 19-2(17-6-20-8) -2:23(0-80) 1412 (86-3%) 105/9/119

(2001)" (subcutaneous)

TOPY (2007)* PTH(1-84) 2532 64-4(77) 18-2(13-1-18-4) -2.23(0-64) 471(18-6%) 59/6/79
(subcutaneous)

FREEDOM (2009)* Denosumab 7808 723(5-2) 36-5(36-0-36-9) -220(0-63) 1844 (23-6%) 350/69/556
(subcutaneous)

GENERATIONS (2011)*  Arzoxifene 9354 67-4(5-6) 56-0(52:5-57-4) -1.87 (0.71) 1423 (15-2%) 294/46/687

BZA phase 37§ (2008)  Bazedoxifene 5643 66-4(67) 36.0(22.4-36:0)  -1.82(077)  3164(56:1%) 141/18/258

PEARL* (2010)" Lasofoxifene 8556 67-4(52) 605(597-61.0)  -219(0-64) 2416 (28:2%) 607/90/760

MORE* (1999)* Raloxifene 7705 660 (71) 35-8(35-3-36-2) -230 (0-56) 2875 (37-3%) 503/58/677

Dashes indicate that no datawere available. All medications delivered orally, except where noted. E=oestrogen. P=progestogen. *Multiple dose groups combined. tStudies
not included in the meta-regression analysis, because 24-month BMD change data were not available. $Study with male participants: Men's study with 100% male
participants and Horizon 2310 with 23-9% male participants. §Active comparator group from initial trial excluded. §JAll non-vertebral fractures were included from this study
as the percentage with major trauma (49%) was much higher than for other studies (usually <10%)

Table 1: Characteristics of randomised, placebo-controlled fracture outcome trials included in the Bone Quality database

TOTAL 67853 participants

Lancet Diabetes Endocrinol
2020: 8: 672-82



Odds ratio

Hazard ratio

Hazard ratio

A Vertebral fracture

© Bazedoxifene
© Odanacatib
® /oledronic acid

@ Alendronate  © Arzoxifene
# lbandronate  © Lasofoxifene
© Raloxifene @ Risedronate
Total Hip BMD
125 r’=0.73, p<0-0001
1.0 - -
@
0.8 4 (0] —
0-6 —

0-4 _

02 — —

© Denosumab
® PTH1-34

Femoral neck BMD

r’=0.59, p=0-0005

° @®0e

Lumbar spine BMD

r’=0.61, p=0-0003

0-0

B Hipfracture

16 Ts  F=0-41p=0014
1.4 o -
12 -
1.0 —
0.8 — '®) -
06 -
0.4 —
0.2 - . —
0.0 |

T« =041 p=0-0074

T P=034, p=0023

C Non-vertebral fracture
12 1=0.53, p=0-0021
1.0 - -
0-8 o
0-6 ] _
0-4 o

0.2 i

00

. r’=0.65, p<0-0001

T T I
0 2 4 6 0
Percent difference in BMD
(Atreatment-Aplacebo)

2 4 6

Percent difference in BMD
(Atreatment-Aplacebo)

r’=0.51, p=0-0019

Ce

I I ]

2 4 6
Percent difference in BMD
(Atreatment-Aplacebo)

Figure 2: Association between 24-month treatment-related differences in bone mineral density (active-placebo, in %) and reduction in fracture risk
(A) Vertebral fracture risk. (B) Hip fracture risk. (C) Non-vertebral fracture risk. Individual trials are represented by circles with areas that are approximately proportional
to the number of fractures in the trial. Drugs of the same class are represented by the symbols of the same colour. *BONE study (ibandronate) hazard ratio 2-08.




No more fracture trials in osteoporosis?
Comment -lan R Reid

Added value of this study

We compiled individual patient data from all major
osteoporosis trials including more than 90 000 participants
with bone mineral density measurements from 23 placebo
controlled fracture outcome trials.

We conducted rigorous analyses to show that treatment-
related bone mineral density changes are strongly related
to fracture risk reductions.

These results show that change in bone mineral density
could substitute for fracture reductions in future trials of
new osteoporosis medications, greatly reducing the size of
required trials and the associated cost of new drug
development.



Bisphosphonates and lower mortality risk: when it sounds to
be good to be true ...
W. D. Leslie Osteoporosis International (2019) 30:2365-2367

» HORIZON Recurrent Fracture Trial Tapatnpnonke pia
ueiwon kara 28% T1nNG ouvoAIKNC BvnNoIuoTNTAG META
TNV XOPNynon Tou ZOAEVOPOVIKOU 0&£0G O€ 00BEVEIG
TTOU UTTEOTNOAV KATayua 1oxiou.(Safety analysis oyl
planned outcome)

e H €mMIOKOTTNON TWV KAMTIUAWYV O€gixVvel OTI dlaxwpilovTal
META TOV 16 unva xoprynong.

* AvrtiBeta otnv HORIZON Pivotal Fracture Trial o€
METEUUNVOTTAUCIOKEG YUVAIKEC UE OOTEOTTOPWON OEV
TTapatnenOnke dlapopa oTn 9VF|O'I|JOTF]TG (2.9%
placebo-3.4%zoledronic acid P=0.27).

* Kai gmriong eav yivel pooling Twv 2 HeAETWY OEV
UTTAPXEI anUavTikn dlagopa oTtn BvnoiudTnTa.



YIApXOuV QPKETEC LETA-AVAAUCELG TTOU avadEPOUV OTL N xopnynon tTwv
Stpwaodovikwy oxeu(erou LE uawusvn Ovnotuomta aAAQ T
anore}\souata glval erspovevn UE pa var avadEpeL OTL n dpaon TOUG
apxileL LETA O 6 HEPEC XOPrYNONG Kot AAAN va urtootnpilel peiwon tng
Bvnoluotntac Katd 8% ylo KABe prva xoprnynong Touc.

To peyaAutepo BeBaLa NPOPANUA elval OTL T[pOKELTOLL YLOl LETA-OVOAUCELG
HLEAETWV Ttapatipnong mou dev punopoulv OTE va e&a)\suj)ouv
UTTOAEUTOEVOUC N N LETPOUUEVOUG CUYXNTLKOUC TIOLPAYOVTEQ (re5|dual
or unmeasured confounding) pe amotéAeopa va LNV EEPOULE €AV N
napatnpoluevn dtadopad (oTn CUYKEKPLUEVN IEpiMTWoN n Bvnouotnta)
glva mpaypatikn. (Lmopel kat va eivat aAAd B€Ael AAANEC KATAAANAEC
HUEAETEC ).

O Leslie gival anatolto60€oc OTL pmopet va yivouv TETOLEC LEAETEC OTOV
HEAAOV yLaTi Tta yevoonua dtdwodovika AAAa&ayv TO OLKOVOLKO TOTILO UE
OTTOTEAECHLOL VAL LNV UTTAPXOUV SLlaBEoipa xprApota yia xopnyleg toco
HLEYAAWV HEAETWV Kall ETLTPOCOeTA UTTApYOULV NBLKA TPOoPAR AT OTO VA
adnvelc uPnAou kivduvou aoBeveic ywplc Beparmeio apkeTd xpovia.



* HteAsvutalo HETA —OVAAUCN TUXOLLOTIOLNLEVWV
EAEYXOUEVWV KAWVIKWV LEAETWV ATTO TOV
Cummings et.al JAMA Intern Med 2019 b€V €6€L€e
Karmotlo. ocnuavtkn dtadpopa otnv Bvnopotnta
yLOL OAQL TOL AVTLOOTEOTIOPWTLKA POAPAKA ,TA
Stpwodovika cuvoAlka n To (0AevOpoVvLIKO o0&V
Qo LOVOo TOoU.



2020 AACE/ACE Diagnostic Criteria for Osteoporosis

Lumbar spine, femoral neck, total

T- -2.5 or bel
St SIEE G proximal femur, or 1/3 radius

Low-trauma spine or

i e —  Regardless of bone mineral density

T-score between -1.0 + Fragility fracture of proximal
and -2.5 humerus, pelvis, or distal forearm

High FRAX® (or if available, TBS-
adjusted FRAX®) fracture probability
based on country-specific thresholds

T-score between -1.0 +
and -2.5

Camacho PM, et al. Endocrine Practice. 2020;5:1-37.



JAMA Original Investigation
Effect of Intravenous Zoledronic Acid on Tibiofemoral Cartilage Volume
Among Patients With Knee Osteoarthritis With Bone Marrow Lesions
A Randomized Clinical Trial JAMA. 2020;323(15):1456-1466

Key Points

Question Is zoledronic acid effective for reducing knee cartilage
loss in patients with symptomatic knee osteoarthritis and bone
marrow lesions?

Findings In this randomized clinical trial that included 223 adults,
the mean change in tibiofemoral cartilage volume over 24 months
was —878 mm? in the zoledronic acid group and —919 mm? in the
placebo group, a difference that was not statistically significant.

Meaning The findings do not support the use of zoledronic acid
for slowing cartilage volume loss in patients with knee
osteoarthritis.

Table 3. Adverse Events

Mo. (25)

Zoledronic acid Placebo
(n=113) (n=110)
Adverse events
Any 108 (96) 91 (83)
Any serious?® 23 (20) 24 (22)
Any acute reactions® 98 (87) 61 (56)
Acuie reaction after firstinfusion o7 (26 20040

Acute reaction after second infusion 41 (36) 28 (26)
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