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LKOTTOG

> DATA study

> H % avfnon TNG 0OTIKNG TTUKVOTNTAC O€ OLVEXION TNG

OepATTEIAC WG £ENC
Years 1-2 Years 34
Teriparatide :> Denosumab
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Combination ::I‘> Denosumab

Figure 1: DATA-Switch study design
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KaraAnKTika onueia

e [pwTELOV KATAANKTIKO ONMEIO

— n % Slapopd OoTNV OCTIKN TTLKVOTNTA (bone mineral
density-BMD) TNG OTTOVOLAIKNG OTAANG O¢€ 4 XpOovIa.

o AfLTEPELOVTA KATAANKTIKA onuEia

— H % 6lapopd oTnVv OOTIKN TTukvoTNTa (BMD) GTO 10XI0,
OTOV ALXEVA TOL PNEIAIOL ,KAI TNV KEPKISA

— H % 81apopd OTNV CLYKEVTOWON OTOV 000 TWV
osteocalcin kal C-telopeptide
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ATroTeAEoppaTa

Teriparatideto  Denosumabto  Combination to
denosumab teriparatide denosumah
(N=27) (N=27) (N=23)
Age (years) 66-1 (7-9) 651 (6-2) 65-3 (8-0)
Body-mass index (kg/m?) 255(37) 23-8 (41) 25-9 (5-2)
White, non-Hispanic 27 (100%) 24 (89%) 20 (87%)
Clinical fracture at age =45 years (%) 14 (52%) 10 (37%) 8 (35%)
Previous oral bisphosphonate use (%) 12 (44%) 9 (33%) Q(39%)
Duration of use (months) 45(23) 45 (26) 25 (21)
Time since discontinuation {momths) 27 (20) 35 (24) 41(18)
Serum 25-hydraxgyvitamin D concentration (ng/ml) 322 (8-5) 35-9 (11-0) 34-8(12.8)
Osteocaldn (ng/mlL) 46-3(26-1) 43-9 (20-2) 55-0(326)
C-terminal telopeptide (ng/mL) 0-34(0-15) 041 (0-22) 0-44 (0-17)
DXA bone mineral density (gf/cm?)
Posterior-anterior spine 0-815 (0-109) 0-863 (0-096) 0-847 (0-130)
Fernoral neck 0-642 (0-064)  0-639 (0-090) 0-638 (0-054)
Total hip 0756 (0-072) 0759 (0-102) 0-750 (0-068)
One-third radius 0-618 (0-072) 0-608 (0-088)  0-614 (0-072)
Data are mean (50, unless otherwise noted. DXA=dual x-ray absorptiometry.
Table 1: Baseline demographic and clinical characteristics

77a00¢veic -> 69 ohokAnpwoav 48 Unveg
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AtroTeAEéouara

« ALENON BMD 1 :

— YuvévLaouevn BeparTreia
— denosumab :16%

— denosumab—
teriparetide 14%
(LEION TOLE TTPWTOC
6 UNVveg)

o 'OxI OTATIOTIKO CNUAVTIKN
S1aPoEA PETAEL TV 3
OepaTTEIOV

Lumbar spine Switch
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—&- Teriparatide—+denosumab
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Total hip

—&— Teriparatide—denosumab
—- Denosumab—teriparatide
—&— Combination—denosumab
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AtroTeAEéouara

¢« Avénon BMD oT10 1o0Xi0
OTOLG 48 unVveg

e teriparatide —
denosumab: 6%

e Yuvbvaopuevn
Oecparreia —
denosumab :8,6%

« denosumab—
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TOLG TTPWTOG 12
UNVEG

e ITATIOTIKA ONHAVTIKN
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Teriparatide to

Denosumab to

Combination to

denosumab group teriparatide group denosumab group
Percent change 0-48 months
Lumbar spine 18-3 (14-9t0 21-8) 14-0 (10-9 to 17-2) 16-0 (14-0to 18-0)
Femoral neck 8-3(6-1t010-5) 4-9(2-2to7-5) 9-1(6-1t012-0)
Total hip 6-6(53to7-9) 2.8(13to 4-2) 8-6 (7-1t0 10-0)
Distal radius 0-0(-1-3to1-4) -1.8 (-5-0t0 1-3) 28 (1-2to4-4)
Percent change 24-48 months
Lumbar spine 8-6 (6-6 to 10-6) 4-8(2-2to7-4) 3-4 (17 to52)
Femoral neck 5-6(39to7-2) 1.2 (-1-0 to 3-4) 21 (-0-2 to 4-5)
Total hip 47 (3-7to 5-8) -0-7 (-2-0to 0-7) 22(13to31)
Distal radius 2-3(0-5to4-1) -5-0(-7-5t0-2-6) 0-5 (-0-6 to 1-6)

Data are % change {95% Cls).

Table 2: Mean change in bone mineral density between 0-48 months and 24-48 months
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—&— Teriparatide—=denosumab
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A Osteocalcin Switch C-telopeptide Switch

SO0 q
—&- Teriparatide—denosumab v v
—- Denosumab— teriparatide .
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Change (%)
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denosumab— teriparetide
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JOUTTEPACHA

Y€ JETEPUNVOTTIALOIAKES YOVAIKES £XEI ONUACIA VIO TNV
ATTOTEAECHATIKOTNTA N CEIPA XOPNyNong Tov denosumab Kal
NG teriparatide

H teriparatide 6ev euttodilel IKOVOTTOINTIKA TNV ATTWAEIO OOTOL
LETA ATTO Xopnynon denosumab.

To denosumalb oTaBepoTTolEl Kal avEAveEl TTEPAITEQW TNV BMD
OTaV xopnyeitar yera TNy teriparatide N Tnv covévaouevn
Ocparreia.

H onuavTikoTepn avnon otny BMD Tou 1oxiou kal TNG KEPKISAC
ETTITOYXAVETAI O€ YOVAIKEC TTOL AQUPBAVOLY 24 UNVEC BepaTTEIAC
ue ocobvévao o teriparatide kar denosumalb, Kal OTN CLVEXEID
oouvexi(ovv Tn povoBeparreia pe denosumab
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1KONOL

ATTOTEAECUATIKOTNTA KAI AOPAAEIA TOL (OAEVEOOVIKOUL
O&EWC O€ ELTTABEIC OOTEOTTOPWTIKEC YLvaikee (Frail) ,
TOOPIPOLE ISPLUATWV

YNUaocia:

— 85% TV YNPIATPIKWY aoBevay 1oL oLV o€ I6PLUATA
EXOLV OOTEOTTOPWON

— Ta katayparta eival 8-2 popEC TTEQICOCOTEQLA O OXEON
LE TOLC NAIKIPEVOLC TTOL EIvVAl OTNV KOIVOTNTA

— OI TTEPICOOTEPOI AOOEVEIC, TOOPIUOI IBPLUATWY, beV
AQUPBAvVOLY BePaTTEia KAl 6EV CLUETEXOLY OE UEAETEC

Greenspan et al JAMA Internal Medicine June 2015



MeBob0o¢ -aoBeveig

> ToxalotTroINUEVN SITTAN TOPAN MEAETN, HE EIKOVIKO (POPUAKO-
2 ¢tn (Pittsburgh, Pennsylvania)

> TLVAIKES = 65 €TV TTOL NTAV TEOPIUOI YNPOKOUEIWY N
ISOLUATWY PE IOTOPIKO KATAYUATOC IOXIOL N OTTOVOLAIKNG
oTNANG(LX) N ooTeoTropwon (BMD)
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KaraAnKTika onueia

« [pwTevoOV:
— H % Silapopd otn BMD oT10 10Xi0 KaI TN XX OTOLG 12
UNVEG
o AcgvuTEpevoOVIA:
— AvemBounta cuuPAPATA
— AEIKTEC OOTIKOL PETAROAICHOU

— BMD o€ OAANeC BECEIC OTOLG 24 unvecg

— AEIKTEC OOTIKOL UETAROAICHOL OTOLC 24 UNveg
— AEITOLPYIKOTNTA

— 20VvooNEOTNTEC

— EmPicoon

— Katayuata avermapkelag o€ 12 Kal 24 unveg
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Figure 1. Enroliment and Study Design Flowchart

733 Assessed for eligibility

226 Refused to participate
| 143 Did not meet inclusion criteria
112 Undecided

252 Consented to screening

23 Did not meet inclusion criteria
32 Withdrew consent

197 Consented to randomization

16 Withdrew consent

~ 181 Underwent randomization 2

@signed to receive zoledronic acid

12 Months
75 Completed any DXA
69 Completed spine DXA only
24 Months
60 Completed any DXA
55 Completed spine DXA only
4 Completed labs/questionnaires only
14 Died
9 Lost to follow-up
2 Discontinued study

89 Included in the analysis

< 92 Assigned to receive placebo | >
o

12 Months
83 Completed any DXA
77 Completed spine DXA only
24 Months
72 Completed any DXA
67 Completed spine DXA only
2 Completed labs/questionnaires only
12 Died
4 Lost to follow-up
2 Discontinued study

l

92 Incded indhie analyels DX A indicates dual energy x-ray

absorptiometry.
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Table 1. Baseline Clinical Characteristics, Functional Status, Markers of Bone Turnover,

and Bone Mineral Density®

Zoledronic Acid Placebo
Characteristic (n = 89) (n=192) P Value
Age,y 85.4 (0.6) 85.5 (0.5) .85
EMI 28.2 (0.6) 26.9 (0.5) .29
Total calcium intake, mag/d 807 (48) 763 (44) 50
Vitamin D intake, 1U/d 163 (15) 168 (15) .83
Anticonvulsant medication use, % 10 1 01
Calcium antacids use, % 8 0 .01
ADL (D-14)"= 11.5 (0.3) 11.7 (0.3) A5
IADL (0-14)Rd 7.7 (0.4) 8.2(04) 42
Gait speed, m/s 0.5 (0.0) 0.6 (0.0) 16
Physical performance test** (0-24)® 19.2 (0.5) 20.1(0.5) 20
Fried Frailty Index*? frail proportion, %) 72 c8 .04
Comorbidity Index*! (0-8 domains)® 3.5(0.2) 3.3(0.1) 39
Diabetes, % 26 13 .03
SPM5Q score (0-10 errors)® 1.8 (0.3) 1.8 (0.3) .99
PHQ-9 score (0-27)® 4.2 (0.5) 3.6 (0.4) 33
Fall once in the previous year, % 50 36 .06

Greenspan et al JAMA Internal Medicine June 2015



Zoledronic Acid Placebo

Characteristic (n = 89) (n=92) P Value
Recurrent falls in the previous year, % 26 18 .16
Albumin, g/dL 3.8 (0.03) 3.8 (0.04) .64
Albumin-corrected calcium, mg/dL 9.5 (0.03) 9.6 (0.04) .28
25 hydroxyvitamin D, ng/mL 29.6 (1.4) 29.8(1.4) .89
eGFR, mL/min/1.73 m? 64.3 (2.3) 68.4 (2.0) 18
CTX, nmol/L BCE 0.425 (0.024) 0.405 (0.024) .56
PINP, pg/L 496 (2.9) 48.2 (2.5) g2
BMD, g/cm?

Spine 0.932 (0.020) 0.967 (0.021) 22

Total hip 0.681 (0.015) 0.698 (0.015) 42

Femoral neck 0.607 (0.014) 0.620 (0.013) 50
BMD T scores (SD)f

Spine -0.8 (0.2) -0.6 (0.2) 48

Total hip -2.1(0.1) -2.0(0.1) .69

Femoral neck -2.3(0.1) -2.1(0.1) 49
BMD osteoporosis classification, % 48 45 92
Vertebral fractures, % 52 41 .16
FRAX, %

Hip 9.7 (1.5) 7.7(0.8) .25
Major osteoporosis 22.7 (1.5) 20.3(1.1) 21
~— —————

Greenspan et al JAMA Internal Medicine June 2015
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Figure 2. Mean Unadjusted Change in Bone Mineral Density (EMD)

| Active -—————- Placebo |

A | Total hip BEMD

4 P=.012.b P<_p12ab
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- +
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Error bars represent standard error.

= Paired t test for change from baseline.

® Linear mixed models for comparison of zoledronic acid (active treatment arm)

with placebo.
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Figure 3. Mean Unadjusted Absolute Change in Biochemical Markers

of Bone Turnover
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Table 2. Adverse Events During the Study Period®

Adverse Event Zoledronic Acid Placebo P Value®
Any 87 (98) 88 (96) 68
Serious 60 (67) 55 (60) .29
Cardiac disorders 28 (32) 25020 53
Atrial fibrillation 51(6) 5(5) 96
Fallers
Total 69 (/8) 54 (59) 01
Single 25 (28) 22 (24) 52
Multiple 44 (49) 32 (35) 046
Serious 4 (4 5 (4 =99
Event within 3 days after infusion
Headache 14 (16) 6(7) 048
Pyrexia 7 (8) 0 01
Fatigue 21(24) 14 (15) A5
Arthralgias 10 (11) 6 (7 .26
Myalgias 7 (8) 3(3) 21
Influenza-like illness 6 (/) 2(2) 16
Falls 4 (5) 3(3) g2
Albumin-adjusted calcium on day 2 <8.4 g/dL 2(2) 0 24
eGFR <30 mL/min/1.73 m? at any follow-up 3(3) 3(3) >.09
Albumin-adjusted calcium at & months <8.4 mag/dL 0 0 >.09

Greenspan et al JAMA Internal Medicine June 2015



Karayuara

AoOBgveic vmro

AoOBgveic vmro

Karayua

YTTOVOLAIKO
KATaypa

{oAevépovVviKo EIKOVIKO
oL PAPHAKO
18 (20%) 15 (16%)
6 (7%) 8 (9%)

1.30; 95%Cl, 0.61-

2.78; (P = .50)
0.76; 95%Cl, 0.25-
2.28 (P = .62).
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JOUTTEPACHATA

 Hxopnynon pac 60onc CoAevEOOVIKOL BEATIOOE TNV
BMD TOUL I0XIOL KOI TNC XX OTA 2 XPOVIa

e AtV TTAPATNPENONKE YEION KATAYUATWV ( OTTOVOLAIKGWV
KAl JN OTTOVOLAIKWV)

— O oxeSIa0UOC TNG MEAETNG
— AODBevEIC

e MeYaALTEQN PEAETN VIO TO KOBOPIOWO TNC HEIONG N OXI
TOL APIBUOL TWV KATAYUATWYV

Greenspan et al JAMA Internal Medicine June 2015
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LKOTTOG

e EKTIUNON TNC CLUPOPPWON TNS BEEATTEIAC UE
denosumalb o€ JETEUUNVOTTALOIOKES YOVAIKEC

¢ XOPAKTNEIOTIKA ACOEVV HUE TNV KAOADTEON CLPUOPPWON

 MetaavaAvon avadpouIK®V CTOIXEIWY YIA TNV
OLUUOPPWON OE BEPATTEIA PE ATTO TOL OTOUATOC
SIPWOTPOVIKA

Karlsson et al Osteoporos Int (2015)



AtmroteAéopara

Table 1  Baseline characteristics of women with PMO mitiating
denosumab 60 mg

Characteristic Study population
(N=2,315)
Follow-up, days® 433441833
Age, years’ 73.7+9.0
Previous anti-osteoporosis treatment® 1,406 (60.7)
Glucocorticoid use® 483 (20.9)
Concurrent calcium/vitamin D supplementation® 826 (35.7)
Dq}ttndttn{:}'.-"j]lﬁlilllli{}TlEiliIf:':dF 98 (4.2)
Primary care® 903 (39.0)
Filling first prescription in 2010 or 2011 1,426 (61.6)
Filling first prescniption in 2012 889 (384)

Karlsson et al Osteoporos Int (2015)



ATTOTEAEOHATA — COPHOPPWON OTN Oeparreia

100
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Parcent of paients on reatrmeant
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0

T T T T T T
1] B 12 18 24 30
Months after denosumab initiation

56 days ————- 30 days
----------- 90 days —-—- 180 days

Fig. 2 Kaplan-Meier estimates of persistence with denosumab therapy
for permissible gaps of different lengths

_ 12 ynveg 18 ynveg 24 unveg

30 pepeg 78% (95 % ClI, 76-79 %).

56 pépeg 83 % (95 % Cl,81-84%) 69 % (95%Cl, 67-71%) 62% (95 % ClI, 60-65 %)
90 pEPES 84%(95%Cl, 83-86 %)

180 pyepeg  87%(95%Cl, 86-88 %)
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Table 2 Determinants of non-persistence with denosumab treatment

(Weibull hazards model)

Covariate Hazard 95 % P
ratio confidence value
mterval
Age 1.00 0.99-1.01 048
Previous anti-osteoporosis treatment®  0.85 0.73-0.98 0.03
Glucocorticoid use” 1.28 1.08-1.53 0.01
Concurrent calcium/vitamin D 0.80 0.68-0093 0.01
supplementation”

Dependency/institutionalized" 097 0.66-143 0.88
Primary care® 1.09 0.94-1.27 025

A hazard ratio >1 indicates a higher probability of discontinuing treat-
ment relative to continuing treatment. Estimated model parameters: con-

stant=0.20 and p=1 .49

> KaAuTepn ocLPpOPPOoN
> [1oONYOLUEVEC
OepaTTeieC
» AoBeéoTio/Bitauivn D
OLVTAYEC
> X&IPOTEPN CLHHOPPWON:
» AODEVEIC TTOL

AaupRavav
KOPTIKOOTEQOEISN

Karlsson et al Osteoporos Int (2015)
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JOUTTEQATHATIKO

* Hovuuoppwon oto denosumab o€
UETAEUMNVOTTALOIAKES YOVAIKEC OTN XovNndia
EKTIMNONKE TTEPITTOL SITTAACIA € OXEON UE ALTH OTA
SIPWOTPOVIKO
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MeBodo¢

e AVASOOUIKN PEAETN
e 3 0padeG aoBevady

— ATTO TOL OTOMATOC SIPWOPOVIKA (alendronate,
risedronate or ibandronate).

— IV Sipwopovika n raloxifene
— AoBeveic ue DEXA xwpic aywyn
I

Total subjects mclnded

N=2,167,055 l
y v
Oral bisphosphonata Infravenous bisphosphonate or raloxifens DA without medication
N =1435,846 N=78363 N=653,746
Study group Comparator group 1 Comparator group 2

Gi Hyeon Seo, et al. J Bone Metab 2015
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Table 2. Esophageal cancer incidence and adjusted hazard ratio by medication groups

(ral bisphosphonate group Comparator group 1

Total Alendron ate, risedronate or  Intravenous ibandrnnate or Dfﬁ?ﬁﬁ? :ﬂg‘;s;égfmn

oral ibandronate raloxifene
Number of subjects 2,167,955 1,435,846 78,363 653,746
Esophageal cancer cases 205 147 6 52
Crude incidence rate 372 3.88 421 3.30
Standardized incidence ratio 1.27(1.14-1.44) 1.24(1.08-1.42) 1.38 (0.60-2.73) 1.40 (1.09-1.76)
Adjusted hazard ratio 0.87 {0.39-1.98) Reference

0.94{0.68-1.30) Reference

Crude incidence rates per 100,000 person-years. Standardized incidence ratio was calculated as observed incidence divided by expected incidence for
each age group (95% confidence interval [CI]).
DXA, dual energy X-ray absorptiometry.

Gi Hyeon Seo, et al. J Bone Metab 2015
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Fig. 2. Kaplan-Meier curves comparing time to esophageal cancer in
the oral bisphosphonate and comparator groups. Oral BP. oral bisphos-
phonate; IV BP. intravenous bisphosphonate; Ralo, Raloxifene; DXA,
dual energy X-ray absorptiometry.
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