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CLINICAL PRACTICE GUIDELINE META-ANALYSIS

Efficacy of Pharmacological Therapies for the
Prevention of Fractures in Postmenopausal
Women: A Network Meta-Analysis

Patricia Barrionuevo,'? Ekta Kapoor,'> Noor Asi,’ Fares Alahdab,’
Khaled Mohammed,' Khalid Benkhadra,? Jehad Almasri,’ Wigdan Farah,’
Maria Sarigianni,’ Kalpana Muthusamy,’ Alaa Al Nofal,®> Qusay Haydour,’
Zhen Wang,” and Mohammad Hassan Murad'

v 107 pel€tec— 193987 acbBeveic
§ Méon nAwia 66 £tn — p€on mapakoAouBnon 28 UNVEC

v Aumnolonapatidn, teputapatidn, PTH 1-84, romosozumab,
denosumab, aAevépovatn, ptosvépovarn, (unovépovartn,
(oAevdpovatn, otpovtio, Aacoldevn,BaledoLdevn,

paloéLpevn, TipmoAovn, HRT, kaAdottovivn, Bit.D, But.D+Ca, Ca

J Clin Endocrinol Metab, May 2019, 104(5):1623-1630



Potentially relevant studies identified by

Data base search and other sources (n=2,578)

Excluded after abstract screening (n=1,934)

l—

Articles selected for full text retrieval (n=644)

¥

Included RCTs
(n=56)

Excluded after full-text screening (n=588)

=Non original studies (e.g. reviews, letters, etc.)
» Second publication of study population

» [rrelevant study or comparison

* Dutcomes of interest not reported

* Repeated from previous SR

* Secondary osteoporosis population

|

Included in meta-

analysis (n=107)

Included RCTs with only postmenopausal
women from previous SR (n=51)

J Clin Endocrinol Metab, May 2019, 104(5):1623-1630




Yupmepaopota — ortovOuALka # vs placebo

v Apnolonapatidn RR 0,14
v Teputapatidn RR 0,27

v Denosumab RR 0,32

v Romosozumab RR 0,33

v ZoAevbpovatn RR 0,38

v PTH1-84RR0,41

v TwurtoAovn RR 0,56

v Alevbpovatn RR 0,57

\V4

\V4

\V4

\V4

\V4

PaAoéidbevn RR 0,59
>tpovto RR 0,60
Pioevbpovatn RR 0,61
Baledofidbevn RR 0,61
HRT RR 0,65
KaAowtovivn RR 0,65
luntavépovatn RR 0,67

Naooéipevn RR 0,67

J Clin Endocrinol Metab, May 2019, 104(5):1623-1630



Yuumepaopata — pn-ormtovoéulika # vs placebo

v Bwu.DRRO0,44 v Pwoevépovatn RR 0,78
v Aumaionapatidn RR 0,51 v ZoAevépovatn RR 0,79
v Teputapatidén RR 0,62 v Denosumab RR 0,80
v Romosozumab RR 0,67 v Ca+DRRO0,81

v TwurtoAovn RR 0,73 v AAevdpovatn RR 0,84

v HRTRRO,78 v Naooéidpevn RR 0,84

J Clin Endocrinol Metab, May 2019, 104(5):1623-1630



Yuumepaopota - # oxiou Vs placebo

v Romosozumab RR 0,44
v Denosumab RR 0,56

v Zolevbpovatn RR 0,60
v Alevbpovatn RR 0,61
v HRTRRO0,72

v Pwoevdpovatn RR 0,73
v Ca+DRRO0,81

J Clin Endocrinol Metab, May 2019, 104(5):1623-1630



2UUTIEPACOTAL

Aumalonapatidn, teputapatidbn, romosozumab,

denosumab to vpnAdtepo RRR
lurtavépovatn, SERMS to xapnAotepo RRR

Neploplopeva ta dedopeva we mpog tnv enidbpaon Bit.D-

Ca ota # mopad TL¢ TTOAAEC LEYANEC UTIAPXOUOEC MEAETEC

J Clin Endocrinol Metab, May 2019, 104(5):1623-1630



Denosumab versus risedronate in glucocorticoid-induced
osteoporosis: a multicentre, randomised, double-blind,
active-controlled, double-dummy, non-inferiority study

Kenneth G Saag, Rachel BWagman, Piet Geusens, Jonathan D Adachi, Osvaldo D Messina, Ronald Emkey, Roland Chapurlat, AndreaWang,

Nicola Pannacciulli Willem F Lems

Lancet Diabetes Endocrinol 2018 Published online April 6, 2018  http://dx.doi.org/10.1016/52213-8587(18)30075-5



XapOaKTNPLOTIKA LEAETNC

795 acBeveig > 18 etwv pe Andn koptikoedbwy = 7,5 Mg npedvilovng
§ <50 etwv pe OMN katayua

§ >50etwv T-score oe OM2Z avxeva ] oALKO oxio £-2,0 1 £-1,0 + OIN katayua
@ 290 umo koptikoeldn < 3 unveg (glucocorticoid intiating)

@ 505 umo koptikoeldn > 3 unveg (glucocorticoid continuing)
Tuxatlomoinon 1:1 ce Dmab i ptoedpovatn (RIS) 5mg/nu
Atapketa: 12 PnVveg

KUpto kataAnktiko onueio: un katwtepotnta ce BMD OM2Z
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>UUTTEPACLATO LEAETNC

v Dmab avéavelt BMD neploootepo amo RIS
o€ aoBeveic tov apyil{ouv KOPTIKOELON N

elval umno Beparmeia pe KOPTIKOELON



Denosumab vs risedronate in glucocorticoid-induced osteoporosis: final results of a 24-month

randomized, double-blind, double-dummy trial

Kenneth G. Saag, MD, MSc,” Nicola Pannacciulli, MD, PhD,” Piet Geusens, MD, PhD,’ Jonathan D.
Adachi, BSc, MD,* Osvaldo D. Messina, MD,” Jorge Morales-Torres, MD,° Ronald Emkey, MD,” Peter
W. Butler, MD,” Xiang Yin, PhD,> Willem F. Lems MD, PhD®

Saag et al, Arthritis Rheumatol. 2019 Feb 28. doi: 10.1002/art.40874.



https://www.ncbi.nlm.nih.gov/pubmed/30816640
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https://www.ncbi.nlm.nih.gov/pubmed/30816640

Table 3. Subject incidence of fractures through month 24

Risedronate

Denosumab

Any osteoporosis-related fracture, n/N (%)*
New and worsening vertebral fracture, n/N1 (%)t
Men
Women
Premenopause
Postmenopause
Unknown

Nonvertebral fracture (low trauma), n/N (%)

Saag et al, Arthritis Rheumatol. 2019 Feb 28. doi: 10.1002/art.40874.

36/397 (9.1)
24/346 (6.9)
5/101 (5.0)
19/245 (7.8)
2/29 (6.9)
16/211 (7.6)
1/5 (20.0)
15/397 (3.8)

35/398 (3.8)
15/338 (4.4)
1/100 (1.0)
14/238 (5.9)
2/33 (6.1)
12/202 (5.9)
0/3 (0.0)
21/398 (5.3)
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Fracture Rate
Per 100 Subject-years

Osteoporosis International (2019) 30:71-78
https://doi.org/10.1007/500198-018-4687-2

ORIGINAL ARTICLE
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The risk of subsequent osteoporotic fractures is decreased in subjects

experiencing fracture while on denosumab: results from the FREEDOM
and FREEDOM Extension studies

D.L.Kendler'- A. Chines? - M. L. Brandi? - S. Papapoulos* + E. M. Lewiecki’ - J-Y. Reginster® - M. Mufioz Torres’
A.Wang?+ H. G. Bone®
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Invasive Oral Procedures and Events in Women With
Postmenopausal Osteoporosis Treated With Denosumab for up

to 10 Years.
Watts NB, Grbic JT, Binkley N, Papapoulos S, Butler PW, Yin X, Tierney A, Wagman RB, McClung M

e aoBeveic peAétnc FREEDOM umné Dmab emt 10 €1n
e n Slevepyela odovTLOTPLKWY Epyactlwyv ouxvn (45%)
 Dmab oyxetlotnke pe hentmtwon ONJ

— 0 ATOAUTOC KivOUVOC NTOV ULKPOC

— OAa ta teplotatika ONJ amokataotadnkayv pe tnv

KatdAANAn Beparmeia

Watts et al, J Clin Endocrinol Metab. 2019 Feb 13. doi: 10.1210/jc.2018-01965



Relationship Between Bone Mineral Density T-score and
Nonvertebral Fracture Risk Over 10 Years of Denosumab

Treatment

Ferrari S,' Libanati C,” Lin CJF,” Brown JP,” Cosman F,* Czerwifiski E,” de Gregério
LH,® Malouf-Sierra J,” Reginster J-Y,® Wang A,* Wagman RB,* Lewiecki EM’

Ferrari et al, JBMR 2019 Mar 28. doi: 10.1002/jbmr.3722.



acBeveic peAetnc FREEDOM mou cupnAnpwaoav

Dmab emti 10 €tn

BeAtiwon BMD 21.7% o OM2%, 9,2% o0& oALKO LoYLO

& 9% oe auyeEva

H avénon the BMD oAwkou Loxiou e€nyovoe peyaio

LEPOC TNC LELWONC TOU KATAYUOTLKOU KIVvOUVOU

10,3% pn-omovduAka # urto Dmab (1,2% woyiov,
4,3% avtifpayiov)

Ferrari et al, JBMR 2019 Mar 28. doi: 10.1002/jbmr.3722.
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attaining T-scores of > —2.5,> —2.0, and > —1.5 after 3 and 10 years of denosumab
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Initial Total Hip Total Hip T-score Nonvertebral Fracture Risk P-value

T-score® +1° Reduction
-2.5 -1.5 -1.01% 0.011
2.4 -1.4 —0.91% 0.016
2.3 -1.3 —0.83% 0.023
2.2 -1.2 —0.75% 0.034
2.1 —1.1 —0.67% 0.049
-2.0 -1.0 —0.60% 0.071
-1.9 —0.9 —0.54% 0.101
-1.8 —0.8 —0.48% 0.140
-1.7 —0.7 —0.42% 0.190
-1.6 —0.6 —0.37% 0.251
-1.5 —0.5 —0.32% 0.322

Ferrari et al, IBMR 2019 Mar 28. doi: 10.1002/jbmr.3722.



JUMTEpAOATO

e Emimtwon pn-omovOulikwy # xyapnAotepn 0co

vPnAotepo to T-score oAkouU Loyiou

* H oxéon avtn emumedwvetal (plateau) oe T-score
oAlKoU Loyiou petau -2 kL-1,5
— aveéaptnta ano nAwkia & tpolmapyov #

e Treat to target

Ferrari et al, JBMR 2019 Mar 28. doi: 10.1002/jbmr.3722.
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Fracture Prevention with Zoledronate
in Older Women with Osteopenia
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XapaKTNPLOTLKA LEAETNC

2000 PLETEUUNVOTIOLUCLAKECG YUVOLIKEC > 65 €TWV

T-score auvxeva i oAlkoU Loxiou petaly -1 kat -2,5 touAaxlotov o€ 1 woylo

(oxL > -2,5 og kaveva Loxlo)

T-score OMZ% < -3,0

OxL avTLOOTEOTIOPWTLKA aywyn 1 KopTl{ovn TO TTPONYOUUEVO £TOC
Tuyowomoinon og LoAeOPOVLKO 1] ELKOVLIKO GAPUAKO

Aev cuyyxopnynOnkav okevaopata Ca (cvotaon yla Statntik tpoéoAnyn)
Alapketa: 6 €tn = 4 eyyxvoelg (ava 18unvo)

KUpto kataAnktiko onueio: Xpovoc we to 1° katayua (oTtovOuAko n un)



Table 1. Characteristics of the Trial Participants at Baseline.®

Placebo Zoledronate
Characteristic (N =1000) (N =1000)
Age — yr 7125.1 715.0
Ethnic group — no. (%6)T
European 240 (94.0) 954 (95.0)
Maori 14 (1.4) 17 (1.7
Pacific Islander 15(1.5) 7(0.7)
East Asian 24 (2.4) 15 (L.5)
Indian 5(0.5) 5 (0.5)
Other 2(0.2) 2(0.2)
Height —em 160.4+5.8 160.7+5.8
Weight — kg 69.2+12.2 09.1+12.5
Body-mass index 26.9:4.7 26.8+4.6
Dietary calcium intake — mg per day BB2+388 8714360
History of nonvertebral fracture after 45 yr of age — no. (38§ 238 (23.3) 237 (23.7)
Prevalent vertebral fracture — no. (%5)9 126 (12.6) 137 (13.7)
Median 10-year risk of osteoporotic fracture (IQR) — % 12 (9-15) 12 (9-16)
Median 10-year risk of hip fracture (IQR) — % 2.3(1.5-3.8) 2.4 (1.5-3.9)
Bone mineral density — gfem?®
Lumbar spine 1.08+0.14 1.07:0.13
Total hip 0.850.08 0.8520.08
Femoral neck 0.81=0.07 0.81+0.07
Total body 1.06+0.07 1.06+0.07
Bone density T score
Lumbar spine -0.87=1.16 -0.91x1.12
Total hip =1.24=0.60 =1.27+0.59
Femoral neck =1.63x0.47 =1.6420.47
Total body -0.800.90 -0.8120.86
Current smoker — no. [%8) 33 (3.3) 23 (2.3)

* Plus—minus values are means =5D. There were no significant differences between the trial groups in any of the charac-
teristics evaluated at baseline. Percentages may not sum to 100 because of rounding. QR denotes interquartile range.

 Ethnic group was reported by the participant.

i The body-mass index is the weight in kilograms divided by the square of the height in meters.

§ Nonvertebral fracture excludes fractures of the skull, face, mandible, hands, and feet.

9 The fracture was assessed by radiography as grade 2 or 3 on the Genant grading scale {grades range from 0 to 3, with
higher grades indicating greater severity).




Table 1. Characteristics of the Trial Participants at Baseline.*

Characteristic
Age —yr
Ethnic group — no. (3%8)7
European
Maori
Pacific Islander
East Asian
Indian
Other
Height —cm
Weight — kg
Body-mass index:
Dietary calcium intake — mg per day
History of nonvertebral fracture after 45 yr of age — no. (%)f
Prevalent vertebral fracture — no. (%)
Median 10-year risk of osteoporotic fracture (IQR) — %
Median 10-year risk of hip fracture (IQR) — %
Bone mineral density — gfcm?
Lumbar spine

Total hip

Bone density T score

Lumbar spine
Total hip
Femoral neck

Total body

Placebo
(N =1000)

71£5.1

940 (94.0)
14 (1.4)
15 (1.5)
24 (2.4)

5 (0.5)
2(0.2)
160.4+5.8
69.2+12.2
26.9+4.7
882+388

238 (23.8)

126 (12.6)

12 (9-15)

2.3 (1.5-3.8)

1.08+0.14
0.85+0.08

-0.87+1.16
-1.24+0.60
-1.63+0.47
-0.80+£0.90

Zoledronate
(N=1000)

71£5.0

954 (95.0)
17 (1.7)
7(0.7)
15 (1.5)
5 (0.5)
2(0.2)
160.7+5.8
69.1+12.5
26.8+4.6
871360
237 (23.7)
137 (13.7)
12 (9-16)
2.4 (1.5-3.9)

1.07+0.13
0.85+0.08

-0.91+1.12
-1.27+0.59
-1.64+0.47
-0.81+0.86



Table 1. Characteristics of the Trial Participants at Baseline.*

Characteristic

Age —yr

Ethnic group — no. (3%8)7
European
Maori
Pacific Islander
East Asian
Indian
Other

Height —cm

Weight — kg

Body-mass index:

Dietary calcium intake — mg per day

History of nonvertebral fracture after 45 yr of age — no. (%611

Median 10-year risk of osteoporotic fracture (IQR) — %
Median 10-year risk of hip fracture (IQR) — %

Bone mineral density — gfcm?
Lumbar spine
Total hip
Femoral neck
Total body
Bone density T score
Lumbar spine
Total hip
Femoral neck

Total body

Current srmoker — no. (%4)

Placebo Zoledronate
(N=1000) (N=1000)
71+5.1 T1+5.0
940 (94.0) 954 (95.0)
14 (1.4) 17 (1.7)
15 (1.5) 7(0.7)
24 (2.4) 15 (1.5)
5 (0.5) 5 (0.5)
2(0.2) 2(0.2)
160.4+5.8 160.7+5.8
69.2+12.2 69.1=12.5
26.9+4.7 26.8:4.6
882+388 871360
238 (23.3) 237 (237
12 (9-15)

2.3 (1.5-3.8)

1.08:0.14 1.07:0.13
0.85:0.08 0.85:0.08
0.81:0.07 0.81:0.07
1.06:0.07 1.06+0.07
-0.87+1.16 -0.91:1.12
=-1.24+0.60 =1.27+0.59
-1.63+0.47 =1.64+0.47
-0.80+0.90 -0.81:0.86
33 3.3) 23 (2.3)

12 (9-16)
2.4 (1.5-3.9)



Table 1. Characteristics of the Trial Participants at Baseline.*

Characteristic
Age —yr
Ethnic group — no. (3%8)7
European
Maori
Pacific Islander
East Asian
Indian
Other
Height —cm

Weight — kg

History of nonvertebral fracture after 45 yr of age — no. (%)

Prevalent vertebral fracture — no. (%)

Median 10-year risk of osteoporotic fracture (IQR) — %
Median 10-year risk of hip fracture (IQR) — %
Bone mineral density — gfcm?

Lumbar spine

Total hip

Femoral neck

Total body
Bone density T score

Lumbar spine

Total hip

Femoral neck

Total body

Current srmoker — no. (%4)

Placebo Zoledronate
(N =1000) (N=1000)
71+5.1 T1+5.0
940 (94.0) 954 (95.0)
14 (1.4) 17 (1.7)
15 (1.5) 7(0.7)
24 (2.4) 15 (1.5)
5 (0.5) 5 (0.5)
2(0.2) 2(0.2)
160.4+5.8 160.7+5.8
69.2+12.2 69.1=12.5

238 (23.8)
126 (12.6)

12 (3-15) 12 (9-16)
2.3 (1.5-3.8) 2.4 (15-3.9)
1.08+0.14 1.07+0.13
0.85:0.08 0.85:0.08
0.81:0.07 0.81:0.07
1.06+0.07 1.06+0.07
-0.87+1.16 -0.91+1.12
-1.24+0.60 -1.27+0.59
-1.63+0.47 -1.64+0.47
-0.80+0.90 -0.81:0.86
33 (3.3) 23 (2.3)

237 (23.7)

137 (13.7)
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Table 2. Overview of Fracture Data at 6 Years.

Fracture Category
Fractures
no.

Fragility™ 227
Symptomaticy 276
Vertebral

Total 64

Symptomatic 39
Nonvertebral

Fragility: 178

Hip 12

Forearm or wrist 68

Placebo
(N =1000)

Fractures per 1000

Woman-Yr
(95% Cl)

38.5 (33.8-43.8)
46.9 (41.6-52.6)

10.9 (8.4-13.8)
6.6 (4.8-9.0)

30.2 (26.0-34.9)
2.01(1.1-3.5)
11.6 (9.0-14.6)

Women with
Fracture

no.

190
214

49
34

148
12
63

Fractures

no.

131
185

25
14

108
8
38

Zoledronate
(N'=1000)

Fractures per 1000

Woman-Yr
(95% Cl)

22.1 (18.5-26.1)
31.2 (26.9-35.9)

4.2 (2.8-6.1)
2.4 (1.3-3.9)

18.2 (15.0-21.9)
1.3 (0.6-2.6)
6.4 (4.6-8.7)

Women with
Fracture

no.

122
163

23
14

101
8
36

Hazard Ratio
with Zoledronate
(95% Cl)

(. )

0.63 (0.50-0.79)
0.73 (0.60-0.90)

0.45 (0.27-0.73)§
0.41 (0.22-0.75)

0.66 (0.51-0.85)
0.66 (0.27-1.16)

0.56 (0.37—0.85)1

L, - —

* This category included nonvertebral fragility fractures (excluding fractures of the toes, metatarsal bones, fingers, metacarpal bones, skull,

facial bones, and mandible) and morphometric vertebral fractures.

T This category included symptomatic vertebral fractures and all nonvertebral fractures.
1 This category excluded fractures of the toes, metatarsal bones, fingers, metacarpal bones, skull, facial bones, and mandible.
§ These data are the odds ratio and 95% Cl.
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Table 3. Prespecified Adverse Events of Interest.

Odds Ratio

Placebo Zoledronate with Zoledronate
Adverse Event (N =1000) (N=1000) (95% Cl)
Events per Women with Events per Women with
1000 Woman-Yr  at Least One 1000 Woman-Yr at Least One
Events (95% Cl) Event Events (95% Cl) Event
no. no. no. no.
Death 41 7.0 (5.4-9.4) 41 27 4.5 (3.0-6.6) 27 0.65 (0.40-1.05)
Sudden death 1 0.2 (0.002-0.9) 1 3 0.5 (0.1-14.8) 3 3.01 (0.3-28.9)
Myocardial infarction 43 7.3 (5.3-9.8) 39 25 4.2 (2.7-6.2) 24 0.61 (0.36-1.02)
Coronary-artery revascu- 32 5.4 (3.7-7.7) 30 23 3.9 (2.5-5.8) 21 0.72 (0.41-1.27)
larization
Stroke 22 3.72:3-57) 20 20 3.4(2.1-5.2) 17 0.85 (0.44-1.63)
Composite of vascular 98  16.6 (13.5-20.3) 69 71 12.0 (9.3-15.1) 53 0.76 (0.52-1.09)
events*

Transient ischemic attack 15 2.5 (1.4-4.2) 14 24 4.0 (2.6-6.0) 23 1.66 (0.85-3.24)
Cancery 127 21.5 (18.0-18.1) 121 87 14.7 (11.7-18.1) &4 0.67 (0.50-0.89)
Osteonecrosis of the jaw 0 0 0 0 0 0 Not applicable
Atrial fibrillation 92 15.6 (12.6-19.1) 53 88 14.8 (11.9-18.3) 54 0.98 (0.67-1.44)

* This category included any of the following events: sudden death, myocardial infarction, coronary-artery revascularization, or stroke.
T This category excluded nonmelanoma skin cancers.
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