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Treatingosteoporosis
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Managemenbf patientsat very highrisk of fracturesand sequentiatreatment

DISEASE:
Developing severe osteoporosis

Bone Strength
(Mass + Quality)

CONSOLIDATION: —SToPRiHow risk—
Antiresorptive for 5-10 yrs, with CONTINUE: if high or
review very high risk

Bisphosphonate / denosumab

Time

FRACTURE RISK ASSESSMENT
Patient at very high risk of fracture

MONITORING:
adherence and fracture
risk reassessment

Curtis et al. AgingClinExperimental Res 2022, Managemenpatientsat very highrisk of osteoporoticfracturesthrough sequentiatreatments



Therapieempfehlungen der DMilinie2023

Risiko/3 Jahre

Ab 10%

Eine spezifische
medikamentose

Therapie

sollte in Betracht gezogen

werden (B),

wenn starke oder irreversible
Risikofaktoren oder ein sehr
hohes Risiko einer unmittelbar
bevorstehenden Fraktur
(,imminent frocture risk")

vorliegen.

soll empfohlen werden (A)

differenzialtherapeutisch

kann der Einsatz einer
osteoanabol wirksamen Substanz
(Teriparatid oder Romosozumab)
unter Beachtung des
Zulassungsstatus und der
Kontraindikationen erwogen

werden (0)

soll mit osteoanabol

wirksamen Substanzen

(Romosozumab oder

Teriparatid)

empfohlen werden (A)

SV: Sondervotum DEGAM:

sollte empfohlen werden (B)

X. bei der Entscheidungfir oder gegen eine ImminenteFrakturrisikoerhOhungei

osteoanabole Therapie sollen das Risiko fir eine V Huftfrakturim letztenJahr

FraktutX Gebrechlichkeit, V Wirbelkdrperfraktur(en)m letzten Jahr
Allgemeinzustand und V 2odermehr Stirzeim letzten Jahr

Imminente
Komorbiditaten,

LebenserwartundperticksichtigiverdenX.

V NeubegonneneGCTherapie>b mg/Taguber>3 Monate



b) For non-vertebral fractures

Whichtreatment to preventan pefore 12 Alter 12
months months
I m m | n e nt fraCtU re Oral bisphosphonates
(Black et al., 2000; Harris et al., 1999; NS
Liberman et al., 1995):
Minimal duration of treatment before obtaining a significant risk reduction for Alendronate
a) vertebral fractures; b) hip fractures and c¢) non-vertebral fractures according Risedronate "\
to the included studies. (*p < 0.05, **p < 0.01, ***p < 0.001, NS — not signifi- Zoledronate (Dennis et al., 2007) A
cant, NA - not analysed). Denosumab (Steven et al., 2007)
a) For vertebral fractures Terip ar.ﬂtld:a (Body et al., 262{}]_ -
Abaloparatide (Cosman et al., 2017; Miller et al.,
Before 12 After 12 2016a)
months months Romosozumab (Cosman et al., 2016; Saac 'r'-*.-“' '\'_'\VQ or an
Oral bisphosphonates 2017) e ant\resorp
(Black et al., 2000; Chesnut et al., 2004; Harris NS FEE . th a pOten .
ctal. 2 | ting W\ k
et al., 1999; Liberman et al., 1995): re Star ture r\S .
t fracture, the frac
Alendronate h \Sk Of \mm\nen Ompt\v rEdUCE
Rised~~ ) i Y . to pr
tbanc | pat\entS at hig ost appropr\ate P Before 12 After 12
Zoledr 1 agent Seems MOSL G months months
Denosu anabo\\c ccwwenmceral, | FFE 0 FEE -
2011) Oral bisphosphonates
Teriparatide (Body et al., 2020; Lindsay et al., (Black et al., 2000; Liberman et al., 1995): NS
2009) Alendronate ——
Abaloparatide (Cosman et al., 2017; Miller et al., NA e Zoledronate (Dennis et al., 2007) L
20164a) Denosumab (Steven et al., 2007; Boonen et al.,
Romosozumab (Cosman et al., 2016; Saag et al., 2011)
2017 - -
2017) — Teriparatide (Eriksen et al., 2014; Lindsay
et al., 2009)
Laura et al.BoneReports 2021Whichtreatment to preventan imminentfracture Romosozumab (Saag et al., 2017) \ NS




Denosumaldor Prevention of Fractures in Postmenopausal Women with Osteopor

5 Table 3. Adverse Events.*
Table 2. Effect of Denosumab on the Risk of Fracture at 36 Months.*
Denosumab Placebo
Difference in Relative Risk or Hvon (N=385e)  (Nm3dre) PValuet
Rates Hazard Ratio "o (%)
Outcome Denosumab Placebo (95% ClI) (95% Cl)f P Value Al 3605 (92.8) 3607 (93.1) 091
Serious 1004 (25.8) 972 (25.1) 0.61
'f no; (77 \‘ Fatal 70 (1.8) 90 (2.3) 0.08
Primary end point Leading to study discontinuation 93 (2.4) 81 (2.1) 039
Leading to discontinuation of a 192 (4.9 202 (5.2 0.55
New vertebral fracture 86 (2.3) 264 (7.2) 48(39t058) 032(0.26t00.41)  <0.001 e ek R
Secondary end points Adverseieverts
Infection 2055 (52.9) 2108 (54.4)  0.17
Nonvertebral fractures: 238 (6.5) 293 (8.0) 1.5(03t02.7) 0.80(0.67 to 0.95) 0.01 Citica 187 (4.8) 166 (4.3) 031
\_ Hip fracture 26 (0.7) 43(12) 03 (-0.1t00.7) 0.60 (0.37t0 0.97) 004 Hypocalcemia 0 301) 008
; Osteonecrosis of the jaw 0 0 NA
Other fracture end points :
Serious adverse events
New clinical vertebral fracture 29 (0.8) 92 (2.6) 1.7 (1.1t02.3) 0.31 (0.20to0 0.47) <0.001 Cancer 144 (3.7) 125 (3.2) 0.28
. Infecti 159 (4.1 133 (3.4 0.14
Multiple (22) new vertebral 23 (0.6) 59 (1.6) 1.0(05tol5) 0.39(0.24t00.63)  <0.001 Ll @4 G4
fractures Cardiovascular event 186 (4.8) 178 (4.6) 0.74
Stroke 56 (1.4) 54 (1.4) 0.89
Coronary heart disease 47 (1.2) 39 (1.0) 0.41
A New Vertebral Fracture / \ B Time to First Ngo_nvertehral Fracture C Timeto Firstllijp Fracture Peripheral vascular disease 31 (08) 30 (08) 0.93
[ Placebo [l Denosumab <
p . S E— & L ad . i Placebo __ Atrial fibrillation 29 (0.7) 29 (0.7) 0.98
81 p<0001 |  P<0001 P<0.001 P<0.001 LA e 2 S - B
) | 3 g 101 " Adverse events occurring in at least
S 2 G 3 osd S 2% of subjects:
2 PR t o6 Eczema 118 (3.0) 65(1.7)  <0.001
5 ‘_; 31 E 3 lenosuma
34 E E i Ll Falling§ 175 (4.5) 219 (5.7) 0.02
s 3 y S o2 .
3 z ; il - Flatulence 84 (2.2) 53 (1.4) 0.008
v > T T T T T 1 Oc T - T T T 1
1 i ¢ . Mlsth # m * B & 2 23 % 0 o8 Serious adverse events occurring in
0 T i Month, at least 0.1% of subjects§
12— 24— 9 85 1 No. at Risk
o \M s ) 36/ Danosarmab 3902 3% ek s w0 Mecho W6 s smy W am o m Cellulitis (including erysipelas) 12 (0.3) 1(<01) 0002
) ] ] ] Concussion 1 (<0.1) 11 (0.3) 0.004
Cummings et al., NEJM 20@enosumakior Preventionof Fracturesn Postmenopausal Womaesith usteoporosis




10yearsof Denosumalireatmentin postmenopausaivomen FREEDOM Trial, Extensio

Long-term denosumab (n=2343)

Crossover denosumakb (n=2207)

FREEDOM baseline

Extension baseline

FREEDOM baseline

Extension baseline

Age (years) 71-9 (5-0) 74-9 (5-0) 71-8(51) 74-8(51)
Age groups, n (%)
=05 years 2209 (94%) 2294 (98%) 2067 (94%) 21449 (97%)
=75 years 662 (28%) 1258 (54%) 624 (28%) 1151 (52%)
Years since menopause 237(73) 267 (7-3) 237 (7-4) 267 (7-4)
Prevalent vertebral fractures, n (%) 559 (24%) 573 (24%) 485 (22%) 551(25%)
Lumbar spine BMD T-score -2-83 (0-67) -2-14 (0-80) -2-84 (0-68) -2.81 (075)
Total hip BMD T-score -1.85{0-79) -1.50 (073) -1-85 (0-79) -1.93 (0-80)
CTx (ng/mL), median {IQR)* 0-505 0-182 0-555 0-568
(0-357-0-700) (0-086-0-555) (0-420-0-661) (0-426-0728)
PANP (pg/L), median (IQR)* 46-17 1725 5581 48-80
(31-45-5679) (10-31-25-98) (42-52-65-60) (35-04-67-58)
Placebo Combined denosumab groups
Yearl Year2  Year3 Year1 Year? Year3 Yeard Year5  Year6 Year7 Year8 Yeard Year10
Mumber of participants 3883 3687 3454 6085 5787 5452 4099 3890 3582 3261 1743 1585 1451
All adverse events 185 1563 1328 1653 1378 1246 1299 1109 1100 1084 1076 1095 959
Infections 386 339 317 351 303 295 291 26-0 72 265 7.0 70 230
Malignancies 1-8 1-6 15 149 15 22 23 24 22 27 17 26 16
Ezema 0-8 05 06 14 11 1-0 11 12 0-9 07 0-B 0-9 13
Hypocalcaemia =0-1 0 <01 <01 <01 0 =0-1 01 0 =01 <01 0 01
Pancreatitis =01 =0-1 0 =01 =01 =01 0 =0-1 01 =01 01 =01 0
Serious adverse events 117 11-9 10-8 12.0 115 123 115 129 12-6 14-4 11.5 131 123
Infections 11 14 14 15 16 14 14 13 19 23 12 1.5 26
Cellulitis or 0 0 <0-1 <01 <01 0-2 =0-1 <0-1 o1 <01 02 <01 01
frysipelas
Fatal adverse events 0-8 0-8 10 07 0-6 07 05 0-8 09 15 o7 1.0 09
Osteonecrosis of the jaw 0 0 0 <0-1 0 <0-1 02 <01 o <01 <01
Atypical femoral 0 o 0 =01 0 0 0 =0-1 0 0 0
fracture

Bone Lancet DiabeteEndocrinoR017, 10yearsof denosumabireatmentin postmenopausaivomen FREEDOM Trial, Extension
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Comparative Effectiveness of Denosumab versus Bisphosphonates among TreatmentEXxperienced

PostmenopausalVomenwith Osteoporosisn the U.S MedicareProgram

Retrospectivecohort study, femalesx 66 yearswith prior history of treatment with an oral BP,who newly initiated Dmab
(n~108,000), a different oral BP(alendronate ibandronate, or risedronate n=100,649), alendronate (Aln; n=53,165), or
zoledronicacid (ZA n=35,100) betweenJanl, 2012to Dec31, 2018

Alendronat Orale Bisphosphonate Loledronsdure

(n = 53.165) RR (95% KI) (n = 100.649) RR (95% KI) (n = 35.100) RR (95% KI)
Followed from treatment MOFs
o ind d i 1 Jahr ——] 0,91 (0,83, 0,99) —— 0,90 (0,84, 0,96) —— 0,91 (0, 83 0,98)
2 Jahre —— 0,85 (0,77, 0,93) -t 0,83 (0,78, 0,39) ——— 0,88 (0,81,0,95)
Initiation (In ex ate) unti 3 Jahre —— 0,81 (0,73, 0,88) - 0,78 (0,72, 0,84) —— 0,85 (0, 78 0,93)
i i 5 Jahre —— 0,75 (0,67, 0,82) —— 0,69 (0,61,0,76) —— 0,69 (0,57,0,82)
the first instanceof i
1 Jahr —— 0,86 (074, o 99) ——t 0,90 (0,79, 1,01) —— 0,86 (0,74, 0,98)
- fracture outcome 2 Jahre —— 0,87 (0.74,1,01) —— 0,87 (0,77, 0,97) ——h 0,89 (0,77, 1,02)
3 Jahre — 0,86 (0. 72 o 99) —— 0,78 (0,69, 0,88) —h 0,90 (0,77, 1,03)
- treatment 5 Jahre —— 0,63 (0,51,0,75) —— 0,55 (0,42, 0,68)  tmmmmmtomees 0,62 (0,32,0,91)
. . . Nichtvertebrale
discontinuation 1 Jahr — 0,91 (0,82, 1,00) —— 0,93 (0,86, 1,00) —ett 0,94 (0,86, 1,02)
) 2 Jahre —— 0,86 (0.77,0,95) —— 0,86 (0,80, 0,93) ——t 0,91 (0,83,0,98)
-  Treatmentswitch 3 Jahre —— 0,78 (0,70, 0.86) — 0,78 (0,71,0,84) r———t 0,87 (0,79,0,95)
) - 5 Jahre — 0,72 (0,64,0,81) —— 0,67 (0,58, 0,76) — 0,69 (0,53,0,85)
- NHNV
Medicaredisenroliment 1 Jahr ——t 0,91 (0,80, 1,03) —t 0,94 (0,85, 1,02) —— 0,97 (0,87, 1,08)
- Death 2 Jahre —— 0,84 (0,74, 0,94) o 0,84 (0,77,0,92) —— 0,91 (0,81, 1,00)
3 Jahre —— 0,74 (0,65, 0,83) ——— 0,77 (0,49, 0,85) — 0,88 (0,77,0,98)
. 5 Jahre —— 0,74 (0,64, 0,85) — 0,74 (0,46, 0,83)  —— 0,62 (0,44,0,81)
- End of available data SBWE
1 Jahr —et—  092(073,1,12) —— 0,79 (0,67,0,91) — 0,82 (0,48, 0,97)
(Dec3 1, 2019 2 Jahre — 0,80 (0,65, o 95) —— 0,72 (0,62, 0,82) — 0,82 (0,67, 0,96)
) 3 Jahre —— 0,85 (0,69, 1,01) —— 0,74 (0,64, 0,85) —— 0,81 (0,66,0,97)
- 5 yearspost—mdexdate 5 Jahre < e » 077 (0, 59, o 95 < —— , 063(049,077) —— , 067 (0,50,084)
0,25 05 0,75 1,25 0,25 05 0,75 1,25 0,25 05 0,75 1,25
BegUnstigt Beginstigt Begunstigt BegUnstigt Begunstigt Beginstigt
Denosumab Alendronat Denosumab  Org@ile Bisphosphonate Denosumab IPledronséure

Dmabreducedthe risk of hip fracture by 45% (RR#9.55;68), 37% (RR0.63) and 38% (RR0.62) and reducedthe risk of MOFby
31% (RR0.69), 25% (RRO0.75 and 31% (RRR0.69) comparedwith oral BP, Aln, and ZA respectively Similar results were
observedfor NV,NHNVandHVfractures Curtis et al., ASBMR 2023, Abstract43l
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Efficacy and safety of transitioning to denosumab vs continuin :
E
S
1 1 1 o < 0.0001
bisphosphonate treatment in postmenopausalwomen who previously g ?
B
receivedoral bisphosphonates : e
=
Kendler et al. [20] Roux et al. [23] Recknor et al. [22 Miller et al. [21] E
NCTO00377819 NCT00919711 NCTO0936897 NCT01732770 o p=000
@
o
Study design Phase 3, multicenter, double-blind, Phase 3, multicenter, randomized, Phase 3, multicenter, randomized, Phase 4, multicenter, double-blind, g
double-dummy RCT open-label study open-label study double-dummy RCT ]
Eligibility Postmenopausal women = 55 years old Postmenopausal women =55 years old Postmenopausal women = 55 years old  Postmenopausal women = 55 years old E
BMD T-score <—2.0 and = — 4.0 at total hip BMD T-score <—2.0 and > — 4.0 at total BMD T-score <— 2.5 at the lumbar spine,
or lumbar spine hip or lumbar spine total hip, or fermoral neck
Adherence to prior BP treatment, not Suboptimally adherent to BP treatment® Suboptimally adherent to BP treatment®  Adherent to BP treatment® 0.5 1n=1329 1369 1314 1356 1314 1356 537 544
specified Lumbar Spine Total Hip Femoral Neck 1/3 Radius
: 2 for > p e r - fi ot =2 ves
Prior oral BP Alendronate for = 6 months Al;:iz:;:i}i‘i\h] L;:.l:kl.lji;::l Dd;,l:ei:.l:zztli_\ L])r:i(il’l’;] fl:';-“rt. Oral BP for =2 years Difference: DMAgbﬁ';z E’r . 23.":'92&3 ) 11. 3?’; 1 L-z?hd . %5:"%]
screening: no limitation on treatment screening { ) (1.8=2.3) 1.1-1.5 (1.0-1.4) (0.3
duration
\BP dosing Alendronate PO 70 mg QW Risedronate PO 150 mg QM (one Ibandronate PO 150 mg QM Zoledronic acid IV 5 mg Q12M J
75 mg tablet on each of 2 consecutive b 40 - £=00001
days) : M < 3 years of BP—BP
Total randomized (1:1) (n) 504 870 833 643 @ ag p < 0.0001 Bl < 3 years of BP—DMAD
T 9 o) E S|
Denosumab 253 435 417 321 3 O= 3 years of BPBP
BP 251 435 416 322 3 10 D=3 of BP_.DMA
4 = 3years DM
Sample size for BTM 253 denosumab 88 denosumab 147 denosumab 61 denosumab E !
analysis 251 alendronate 69 risedronate 133 ibandronate 56 mledronic acid E 55 p = 0.0001
Primary endpoint %6 change from BL in total hip BMD at % change from BL in total hip BMD at % change from BL in total hip BMD at % change from BL in lumbar spine BMD [a]
month 12 month 12 month 12 at month 12 E p<00001 P= 0.0001
Secondary endpoints % change from BL in serum CTX-1 at month % change from BL in serum CTX-1 at % change from BL in serum CTX-1 at % decrease from BL in serum CTX-1 at E 20 1
3: % change from BL in lumbar spine month 1; % change from BL in lum- month 1; % change from BL in lum- various time points; % change from BL % p < 0.0001
BMD at month 12 bar spine and femoral neck BMD at bar spine and femoral neck BMD at in total hip BMD at month 12 =z 1.54 p=022
month 12 month 12 G
Results for primary Among patients who transitioned to Among patients who transitioned to Among patients who transitioned to Among patients who transitions to @ 40 p = 0.002
endpoint denosumab vs. continued alendronate use, denosumab vs. risedronate, total hip denosumab vs. ibandronate, total hip denosumab vs. zoledronic acid, lumbar E‘
total hip BMD increased by 1.90 vs. BMD increased by 2.0 vs. 0.5% BMD increased by 2.3 vs. L.1% spine BMD increased by 3.2 vs. 1.1% [
1.05% (p < 0.0001) (p<0.0001) (p<0.001) (p<0.0001) g 0.5 4
: 1
.- . 0.0 4 [
Transitioned to DMADb Continued BP I
Adverse Events, n (%) N = 1413 N = 1.408
- ! - ! -05 ‘n=631701 694 661 624 6893 BB6 656 624 693 6&B6 656 168 174 366 363
Any 910 (64.4) 918 (65.2) Lumbar Spine Total Hip Femoral Neck 1/3 Radius
. ifference: DMAD vs BP 1.8% 21% 14% 1.2% 12% 1.2% 0.4% 0.7%
Serious 112 (7.9) 102 (7.2) (95% Cl) (1.5-22) (1.8-24) (1.1-16) (08-14) (D8-186) (08-15) (-03=1.1) (0.3-1.2)
Fatal 1(0.1) 3(0.2)

Leading to study discontinuation
Osteoporosisrelated fractures

26 (1.8)
47 (3.3)

57 (4.0)
43 (3.1)

Miller et al., Osteoporodnt 2020 Efficacyand safetyof denosumabvs bisphosphonate:
in postmenopausalvomen previouslytreated with oral bisphosphonates




Switchingrrom BPgo DenosumabTeriparatide or Romosozumal

Variable DMAD group TPTD group  ROMO group  P-value a Changes in PINP (%) b Changes in TRACP-5b (%)
(ﬁl = 45) (n — 45} [” = 45} =—8=—BF DMAD group e EF DMAb group
400 == BP TFéTDOgroup 100 - =@ 5P TPTD group
BF ROMO group BP ROMO group
Age (years) 73.3+10.6 73.2+10.0 749494 0.67 350 o o
Body mass index (kg/m?) 20.5+2.9 20.8+2.8 209+3.4 0.82 < 00 M —— I £ . ATT
Prior vertebral fracture (%) 48.8 727 533 0.054 g 0 /’ 2 ~
2 . . e S 40 - e
Prior nonvertebral fracture (%) 15.6 20.5 20.0 0.16 8 fzz ” g p -
Duration of prior BP treatment (months) ~ 46.1 4 34.3 4024356 2524207 0.007 I £ 7
] = % T '
Prior BP usage (%) MIN: 46.7 RIS: 38.1 ALN: 444 NA - % ° o T
ALN: 33.3 ALN: 23.8 RIS: 40.0 S,k g 5 204 L L.
'-—--_.____.____‘-_k . . i e |
RIS: 17.8 MIN: 19.1 MIN: 15.6 ) . w0 —_—?
IBN: 2.2 IBN: 14.3 0 6 12 0 6 12
Z1LD: 4.8 Months Months
Changes in lumbar spine BMD (%) Changes in total hip BMD (%) Changes in femoral neck BMD (%)
g EE D A group e P DMAD group ol B P DAL group
16 - = 8w BF—TFTD group 4 - == GELTPTD group 4 - =l BEFTPTD group
EP—ROMO group BP +ROMO group BP—ROMO group
14 o
-, —_ 3 .
Ei 12 4 whk % E
2 82 SR 2 :
E B n ] & g "'
c £ = -
S g S .
6 s ] = P «
ﬂé} E .-"'#l. % -f’.'
T4 £ - B -
&) O oor e T T — - ] D (e ees e - .
2 -
EI r1 T 1 —1 = _1 i
g 1 g 12 0 6 12

Yukishimaet al., Osteoporodnt 2024, Impactof switchingfrom bisphosphonate$o denosumabteriparatide or romosozumabn patientswith postmenopausabsteoporosis a casecontrol study
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Denosumaleffectin longterm continued discontinued andrestartedtherapyc Phase 2 Dat

V Levels of BTM increased —Placebo —#—30 mg Q3M 210 mg Q6M Alendronate
upon discontinuation and A. Lumbar Spine B. Total Hip C. Distal 1/3 Radius
decreased with 14 | 8 .
retreatment I 5 6 |
o o 10 | A 21 ] <]
- BB / N A e
V Discontinuation of og ¢ o WPEy 2| k= AR // Y= '
denosumabwas associated £ - / ; \/ OH\\f 2 f
with a BMD decrease of = oy, | . T 4 ; ‘i\\{
6.6% at the lumbar spine B T P 1 . |
and 5.3% at the total hip 0 6 12 18Mf:ths 36 48 0 6 12 18M 2£:h 36 48 0 6 12 13M Qa:h 36 48
within the first 12 months o o
D. Serum C-telopeptide E. Bone-specific Alkaline Phosphatase
Conclusions Xlongterm _ '° | 2
m 1.4 | o
denosumabtreatment led to gains g 1.2 | /[{ g 20
in BMD and reduction of BTM - | f \ e 15 N
throughoutthe courseof the study, 2 o.e.M- Pl 8 2 1o \
g ¥ 5 o4l ¥ [ \ﬁJ’T S N\ LV F{
Theeffectson boneturnoverwere g / L 8 5| A
fully reversible with ok ' 0
0 6 12 18 24 30 36 42 48 0O 68 12 18 24 30 36 42 48

discontinuation

Maonths

Months

Miller et al.,Bone2008,Effectof denosumalon bonedensityandturnoverin postmenopausalvomenwith low bone massafter longterm continued discontinued andrestartingof therapy- Arandomizedblinded phase2 clinicaltrial



Number of Dmab injections before discontinuation and changesin

BMD1 yearafter subsequent.v. ZOL5mg

47 postmenopausalwomen who receiveda single zoledronateinfusion 6
months after the last denosumabinjection and then were followed for 1
year Twentysevenwomen received>X6 denosumabinjectionso X Group)
and20received> 6 denosumalinjections(>6 Group)

20+ (o] ry = -0.669 20- re =-0.187
o) p < 0.001 p =0.241

% Change LS-BMD
% Change FN-BMD

Time on Dmab (years) Time on Dmab (years)

150

QO <6 injections

PINP (ng/ml)

@ >6injections

1.24

PreM

CTX (ng/ml)

Hl > 6 injections

[ =6 injections

e .
1 I 1 I 1 0.0
BL 6m 12m BL 6m 12m
*
1
104
o 1.0% 1.26%
o
= 0 - 11
=
7]
B 1 1 -2.56%
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The duration of denosumabtreatment significantlyaffects the efficacyof subsequentzoledronateinfusionto maintain BMD
gains Frequentfollow-up of patients treated with denosumablonger than 3 years is advisableas additional therapeutic

interventionsmaybe needed

Makraset al., JCEM 2021, The DuratiorDeinosumabl reatment and the Efficacy dbledronateto Preserve Bone Mineral Density After Its Discontinuation



Initiating Denosumab |
Judicious patient selection*

Treatment Monitoring
. Assess benefit vs risk
B —

Denosumaliiscontinuation- emerging strategies to prevent bone loss and fracture

Discuss rebound
phenomenon

of ongoing therapy

1

Considering Discontinuation
Rebound risk factors

T/L spine XR

Reconsider Discontinuation
Prevalent VFs
>5yrs treatment

v

Treatment Continuation
Reinforce adherence
Ongoing benefit vs risk
assessment

High fracture risk
Contraindication to BP
Large BMD gains on Dmab

Medium term Denosumab
Employ caution
ZOL and repeat BTM at 3-6 months following last Dmab

Duration of therapy

/

Rescue with Re-initiation
New VFs during rebound
Consider if:

Loss of BMD gains

+ T-score <-2.5

T

Monitor BMD 6-12 months following last Dmab
Repeat ZOL if L BMD or persistently TBTM

Consider ALN with close monitoring and ZOL if
inadequate response

|

Safe Discontinuation Achieved
Ongoing long term monitoring
Threshold for re-initiation of
treatment

Kumaret al., IBMR2025 Denosumaldiscontinuationin the clinic- implicationsof reboundboneturnover andemergingstrategiesto preventbonelossandfractures




Table 1 Summary of treatment-related changes in human skeletal architecture. Only published studies that reported defined skeletal
architectural indices were included in the Table

Differential structural effectsof

Choksket al.,ClinDiabEndocrinoR018, Thechallengef diagnosingysteoporosisandthe limitations of currently availabletools
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MBF

New bone

Remodelinganda 2 R S BasgdBomneFormation

Smooth
cement line

Openlabel Teriparatides.c. 20ug/d (n=33) vs Denosumals0mg/6mo (n=36, 60mg) in treatment ¢
naivepostmenopausabsteoporosisHistomorphometrybefore and after 3 mo of treatment
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Effects of teriparatide and risedronate on new fractures in post Teriparatide - Risedronate group
group (n=680) (n=680)

menopausalvomenwith severeosteoporosifVERO) (Continued from previous column)
A Incidence of new vertebral fractures Previous ostecporosis medication use
- - - Patients with =1 previ 496 (73% 485 (719
P BTt e oa ) Pt e U6 5
_ [ Risedronate (95% €1 0.29-0-68) 64/533 P Py
3?: 104 p=<0-0001 Prevalent tractures
% Wertebral fractures$
g 67 % &7 9
£ 8- K Relative risk: 0-52 \ =t 73 {jﬂ? ) 72 {jﬂiﬁ:‘
E (95% CI: 0:30-0-91) 1 231 (34%) 240 (35%)
Z p=0-019 2 178 (26%) 174 (26%)
g 6— 3 100 d2mm d 101 (15%)
3 35/585 n
= 28/516 4 W Vertebfa\ a 62 (9%)
= 4- Qf ne ] hose 102 (15%)
7 0r05‘5r the rns . tha n tho
S ere OStEOPYT" 1 teriparalite
2 2- 18/574 with sev eceiving
: ausal women in patients !
pOSt‘men p . .f-‘cant‘y ‘ower e 0-32-0.74) Risedronate
AmOng ; rures is sign! p=0-0009 4
inical frac S
clinica _ 5 8-
. ‘ng r\Sedronate -~ risedronate  Effect size p value k5
rece\\l group group (95% Cl)* R
Primary endpoint ;é; v
New vertebral fracturet 28 (5%) 64 (12%) 0-44 (0-29-0-68) <0-0001 % 4 Teriparatide
Secondary gated endpoints -
New and worsened vertebral fracturet 31(6%) 69 (13%) 0-46 (0-31-0-68)  <0-0001 7
Pooled clinical fractures§ 30 (5%) 61 (10%) 0-48 (0-32-0-74) 0-0009 o
1 | I
Non-vertebral fragility fracture§ 25 (4%) 38 (6%) 0-66 (0-39-1-10) 010 0 o 12 18 24
Number at risk
Major non-vertebral fragility fracture§ 18 (3%) 31(5%) 0-58 (0:32-1-05) 0-06 Teriparatide 680 623 589 561 508

Kendler, Lancet 2017 Risedronate 680 616 584 553 502



The VERO TriaRiskof Fracturean Subgroupsvith SevereOsteoporosis

1 4 : ; Teriparatide Risedronate Interaction Risk Ratio
Prior use of bisphosphonates Subgroup nfﬁ’(%} N (o8] ey 55% i)
—— Risedronate
: ; Prevalent VFx {(number)
10 | —— Teriparatide Overall 0.81 0.42 [0.27, 0.66]
i 1 7/180 (3.9) 16191 ( 8.4) } y 0.46 [0.19, 1.08]
Hazard ratio (95% Cl): 0.48 (0.26, 0.88) 2 41132 ( 3.0) 14/135 (10.4) ——r 0.28 [0.08, 0.81]
o ‘ 3 5/86 | 5.8) 10/82 (12.2) ! 0.50 [0.18, 1.38]
; % ! »3 12118 (10.2) 24/125 (19.2) e L 0.49 [0.28, 0.93]
Osteoporosis treatment-naive ;
....... i Prevalent VFx (severity)
g Risedronate Overal i i 0.18 0.26[0.09, 0.73]
------- Teriparatide sQz 1159 (1.7) 7I5T (12.3) ' : 0.14 [0.02, 1.07]
sQ3 271457 (5.9) 57/476 (12.0) 0.48 [0.31, 0.74]
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g 6 yes 8161 ( 5.0) 26148 (17.6) [ - 0.27 [0.13, 0.58]
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-~ |1  ps & Overall — 0.76 0.40 [0.20, 0.79]
Q 5 - no 25/466 ( 5.4) 57/491 (11.6) e 0.45 [0.29, 0.70]
= yes 3/50 ( 6.0) 7142 (16.7) F 0.36 [0.10, 1.30]
g Prior osteoporosis drugs**
5 4 - Overall — 0.97 0.42 [0.19, 0.92]
(&} BP 141280 ( 5.0) 34/281 (12.1) —a 0.42 [0.23, 0.76]
non-BP 1723 (4.3) 325 (12.0) t > 0,39 [0.04, 3.45]
treatment-naive 13213 (6.1) 271227 (11.9) e — 0.46 [0.25, 0.87]
3 —{
"""" Lowest BMD T-score
---------- Overall [ 0.36 0.45 [0.29, 0.69]
<25 171270 ( 6.3) 42297 (14.1) . 0.43 [0.25, 0.73]
2 225 11/246 ( 4.5) 221236 ( 9.3) —f 0.47 [0.23, 0.94]
----- Age (tertiles), years
1 - Cverall —-—— 0.44 0.44 [0.28, 0.67]
<68.7 101184 ( 5.4) 28/202 (13.9) R 0.40 [0.20, 0.79]
>68.7 and < 76.8 10/152 ( 6.6) 18/192 ( 9.4) [ 0.65 [0.31, 1.26]
=768 8180 ( 4.4) 18/139 (12.9) —— 0.33 [0.15, 0.73]
0= Recent bisphosphonate use
I T T T ] —-— 0.85 0.44 [0.29, 0.68]
16/309 ( 5.2) 39/324 (12.0) I 0.42 [0.24, 0.74]
baseline 6 12 18 24 121207 ( 5.8) 25/2089 (12.0) — 0.46 [0.24, 0.88]
: Time (months —— 0.22 0.46 [0.30, 0.70]
ga_ﬂents atf Lis'(h heratas: ( ) 14/31% [ 4.4) 25341 (7.3) ; { 0,80 [0.32, 1.13]
rior use of bisphosphonates: 14/197 (7.1) 30/192 (20.3) —a— 0,35 [0.20, 0.62]
Risedronate 356 325 311 291 265
Teriparatide 359 335 318 303 274 .
. E: Overall VERO population 28/516 ( 5.4 64/533 (12.0 -cofiligE=— 0.44 [0.29, 0.68]
Osteoporosis treatment-naive: S (54 s — T | ! o !
Risedronate 293 262 246 238 215
Teriparatide 295 264 247 234 211 6ot 04 08 11y A6
Risk Ratio

In postmenopausalvomenwith severeosteoporosisriskreductionof TPTDvs RISfor new VFx clinical
fractures,and NVFFxvasconfirmedacrosdifferent subgroupsncludingpatientspretreatedwith BPs

GeusensJBMR 201&ffectsof TeriparatideComparedvith Risedronateon the Riskof Fracturesn Subgroupsvith Severe Osteoporosis The VERO Trial



Bone fracture risk by bisphosphonateand teriparatide treatment at vertebral (a) and non-

Bisphosphonates vs Teriparatide N [tk
GlucocorticoidnducedOsteoporosis : ™\

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
vertebral bone fracture
. . - 0 Langdahl 2009 10 165 1 170 98% 1030([133,7959]
Subgroupanalysiof the efficiencyof BMDchange(%o) o a1 11 sex 10360134 8008
Saag 2009 13 214 3 214 165%  4.33[1.25, 1499 —_—
/ \ Subtotal (95% CI) 544 555 36.1% 6.27 [2.44, 16.07) T
2 Bisphosphonate Teriparatide Mean Difference Mean Difference Total events - EB: 6 = = e et
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI HtSIoenely. ol = .00 Tl =10.50 ol B2 0. 801 1 OF
Lumber spine Test for owverall effect: Z = 2.82 (P = 0.0001)
Devogelaer 2009 29 1003 192 65 9.8 195 7.9% -3.60(-5.58 -1.62) b SonZvertabril bone faciire
Cluer 2012 3.32 1141 47 694 1164 45 2.0% -3.61[-8.32, 1.10] _ st , , - S AL
Langdahl 2009 3.28 1557 148 7.5 3112 155 15% -4.22[-9.72, 1.28] t‘f‘""’;dh,lgoog'vl‘ 1;3 “lé; 1; iil = s [3 o Li'] |
Losada 2009 42 1192 148 848 1137 156 5.3% -4.28(-6.90, -1.66] :Zz _?O“O; - = s — io o ;s} I
Saag 2007 3.4 852 148 7.2 874 156 8.1% -3.80(-5.74, -1.86] —— R % 2 = & S8 9% : 0
Saag 2009 3.8 7.66 148 8 681 156 10.0% -420(-5.83,-2.57) — = Ez:’;o::;:?ss o e 293 o+ SRBC 03 Sallec e -
S 0, oo o S ] e 1 3
ol s : e S63 N 48ssa 0 b0 na 00 > Heterogeneity: Tau? = 0.00; Chi? = 1.86, df = 2 (P = 0.39), I’ = 0%
Heterogeneity. Tau® = 0.00; Chi* = 0.32, df =5 (P = 1.00); ¥ = 0% s AN i = 0.08 (P = 0.93) ¢
Test for overall effect: Z = 8.20 (P < 0.00001) jieshicroxerall effectiZin O O (FEsio-0 24
b Total hip Total (95% CI) 1137 1153 100.0% 2.00 [0.90, 4.44) .
Devogelaer 2009 27 1005 174 32 1028 182 7.3% -0.50[-2.61, 161) —— ;{3‘[3"'?;’5:"“5'“ e fﬁﬁ ol =4slrp G R ; A e :
el 005 250 o7 M 7 i i o e :-; = ;} =l Test for overall effect: Z = 1.69 (P = 0.09) ' ' 0.01 0.1 1 10 109
g S e SER sl < S SRS [ Test for subgroup differences: Chi? = 12.06, df = 1 (P = 0.0005), I’ = 91 7% ours Bisphosphonate Favours Teriparatide
Losada 2009 2.4 1051 148 3.78 11.12 156 6.0% -1.38[-3.81, 1.05] — '
Saag 2007 234 72 144 377 766 156 96% -143[-3.11, 0.25) —
Saag 2009 23 7.3 148 3794 7.62 156 97% -149[-3.17, 0.18] —
9 40.9% -1.23 [-2.10, 0. i i i i
SN . o 230 R0 L 41000 - Meta-regressionanalysisshowsthat factorsincludingage,sex,menopausaktatus,
Heterogeneity. Tau® = 0.00; Chi* = 062, df = S (P = 0.99); I = 0%
Test for Il effect: Z = 2.77 (P = 0.006 i i i i i i i
estfor overall effect: 2.= 2,77 = 0.006) steroid dosage, steroid duration, underlying diseasesand previous rheumatic
C
Femoral neck H H H H H H
Bevodiier 3608 23 752 174 33 852 182 97% -100(-2.67,067] _ AL diseases,and previous bone fracture are not associatedwith the incidence of
Cluer 20132 -1.1 754 47 152 832 45 32.8% -2.62[-5.87, 0.63] _
Losada 2009 285 155 144 448 1642 156 3.2% -163[-5.24, 1.98] —_— vertebralbonefracture
Saag 2009 2.86 9.09 145 445 899 156 7.6% -1.59[-3.63, 0.45 — : : : . : . ! -
gzig‘otlal'(gs% cn 510 £ $39  24.3% - 1%4>5 [[Z.SS.I-‘O.B 1} < » Table 1 Meta-regression analysis of the demographic and clinical variables concerning the risk of vertebral bone fracture in GIOP.
Heterogeneity. Tau? = 0.00; Chi* = 0.81, df = 3 (P = 0.85); ¥ = 0%
Test for overall effect: Z = 2.49 (P = 0.01)
Characteristics Coefficient, 95% CI p-Value Tau? Adj R-squared (%)
Total (95% CI) 2146 2252 100.0% -2.24 [-2.93, -1.54] <
Heterogeneity. Tau® = 0.57; Chi’ = 21.45, df = 15 (P = 0.12); I* = 30% + + + +
Test for overall effect: Z = 6.31 (P < 0.00001) -1 =5 0 5 10 Age 1.395 (0.146-13.3061) 0.671 1.436 -18.69
Test for subgroup differences: Chi' = 19.69, df = 2 (P < 0.0001), I = 89.8% -Bisphosphonate -Teriparatide
\ / Female (%) 2.349 (0.062-88.767) 0.509 1.267 -4.74
Menopausal female 1.089 (0.658-1.803) 0.541 1.483 -11.24
Theincreasesn BMDwere Sign greaterW|th Teri paratldevs BPs Steroid dosage 2.356 (0.524-10.595) 0.167 0.599 50.42
1 Steroid duration 1.582 (0.472-5.299 0.314 0.944 21.98
- LumbarSpine+ 3.96% (p<0.00001) ‘ ’
. Underlying disease (previous rheumatic disease) 0.387 (0.00-25.483) 0.433 1.24 6.79
-  Total Hlp +1.23% (p=0006) a Previous fracture 1.342 (0.235-7.664) 0.543 1.487 -11.55
-  FemoralNeck+ 1.45% (p:OO]_) Previous vertebral fracture 1.348 (0.197-9.208) 0.655 1.431 -18.27

Dong et al-! .Horm Metab Res 2923 Comparispnof BisphosphonateS/ersus Teriparatide in Therapy of All are univariate meta-regression analyses, with the exception of teriparatide compared with bisphosphonate as a reference. Proportion between
GIucocort|CO|dnducedOsteopor05|s Meta AnaIyS|s study variance was explained with Hartung-Knapp modification.
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Teriparatidefollowing Alendronate vsRisedronate; OPTAMISStudy
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Thisnon-randomizedbut prospectivestudy suggestghat there may be differencesin anabolic
responsivenest teriparatideasa function of the type of prior bisphosphonatexposure
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Teriparatide Treatment Effect and Significance of Pretreatme

Lindsay et al.,
Osteoporodnt
(2016)
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Pretreatementeffect on

TeriparatideEfficacy

Exploratory analysis to investigate the effects of
teriparatide on cancellous bone microstructure in
postmenopausalvomen with osteoporosiswho were
either treatment-naive (TN, n = 16) or alendronate
pretreated (ALN n =29) at teriparatideinitiation.

Teriparatide(20 >g/ day) wasgivenfor 24 months

FahrleitnerPammer et al., Bone 2016 Improvement of cancellousbone
microstructure in patients on teriparatide following alendronat

Teriparatideinducedtrabecularconnectivity

\
il

\

50 pm

Treatmentnaive

A. Treatment-naive patient

Baseline

B. Alendronate-pretreated patient

24 Months of Teriparatide

pretreatment
Baseline 24 Months of Teriparatide
Treatment-naive Alendronate pretreated All
(n = 16) (n = 29) (n = 45)
Baseline 24 Months Baseline 24 Months Baseline 24 Months
Mean (SD) % Change (SD) P-value Mean (S5D) % Change (SD) P-value Mean (SD) % Change (SD)  P-value
Two dimensional (2D)
Bone area/total area (B-Ar/Tt Ar, %) .JH 1 (5) — j 6 (30) 0273 19.0 (6) 33.2 (66) 0.016 19.5 (5) 19.6 (58) (0.138
Trabecular width (Tb-Wi, um) 4 (0.03) 0(24) 0273 0.14(003) 19.6 (35) 0033  0.14 (003) |4 9(32) 0018
Trabecular number (Th-N, mm™") 4 (0.3) — _'l _'I{ 14) 0.003 1.3(03) 8.0 (28) 0.163 1.4 (03) 3(25) 0.810
Trabecular separation (Tbh-Sp, pm) 0. 53 (0.12) 15.2 (20) 0.017 0.64 (020) —3.4(39) 0.126 0.62 (0.17) 5 (34) 0.798
Three dimensional ( 3D)
Bone volume tissue volume (BV/TV, %) 17 (6) 105 (356) 0.039 18 (8) 55(139) 0.005 18 (7) 73 (237) <0,001
Trabecular thickness (Tb-Th, pm) 0.12 (0.03) 30.4 (30) <(,001 0.13 (0.03) 30.8(53) =<(0.,001 0.12 (0.03) 30.7 (46) =<(0.001
Trabecular number (Th-N, mm™") 1.47 (0.43) 36.7 (179) 0298 1.44 (055) 12.7 (54) (.254 1.45 (051) 21.2(114) LIVET)
Trabecular separation (Tb-Sp, um) 0.89 (1.40) 3.1(36) 0706  0.71 (0.49) 10.4 (75) 0237 077 (091) 7.8 (64) 0439




Effect of PTH on BMD: women versus men

Teriparatidein men 0.12 (not head to head)
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[l Teriparatide M Risedronate

Teriparatideand Risedronaten GIO in Me 16 — p=0.004 —
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Teriparatidein AFF

ing osteo
v TPTD should be considered for treating

by AFFs

Gao et al., FronBurg2023., Abrief reviewandclinicalevidencef teriparatidetherapyfor atypicalfemoralfracturesassociatedvith long-term bisphosphonatdéreatment



