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Treating osteoporosis

Bone remodelling

Drug targets in Osteoporosis

) RANKL

: Osteoclast

_ RANK e Osteoblast

precu precursor ¢ ¢
\J OPG : )
OpH Young adult Age- related bone loss
< { Sclerostin % 8 !
! Teriparatide Y - ! )
Increased number of bone

remodelling units
Negative remodelling balance

/‘, Denosumab

@ Biphosphonates

Therapeutic approaches

@ Teriparatide

;l Romosozumab /
/ \ ; S
Apoptosis | . \ Osteoblast %

o formaton Antiresorptive Anabolic

¥
o ;;( :
4 = |

< i [

X | ¢ ¢
o SV /
o'. /’

/; y 7 Sclerostin / . o . === = o :

Osteocyte
TR Reduced remodelling Increased remodelling
Positive remodelling balance

Romo

pessensanssnne

Modelling-based bone formation

Treatment Objective: Fracture Prevention... .... by improving Bone Resilience.

Compston et al, Osteoporosis, Lancet 2019

Kague et al., Genes 2022, Functional Validation of Osteoporosis Genetic Findings Using Small Fish Models



How to start?




Management of patients at very high risk of fractures and sequential treatment

DISEASE: CONSOLIDATION: —STOP-iHowrisk—
Developing severe osteoporosis Antiresorptive for 5-10 yrs, with CONTINUE: if high or
review very high risk

Bisphosphonate / denosumab
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FRACTURE RISK ASSESSMENT MONITORING:

Patient at very high risk of fracture

Curtis et al., Aging Clin Experimental Res 2022, Management of patients at very high risk of osteoporotic fractures through sequential treatments

adherence and fracture
risk reassessment



Therapieempfehlungen der DVO-Leilinie 2023

Risiko/3 Jahre

Ab 10%

Eine spezifische
medikamentose

Therapie

bei der Entscheidung fur oder gegen eine
osteoanabole Therapie sollen das Risiko fir eine

imminente
Komorbiditaten,

sollte in Betracht gezogen

werden (B),

wenn starke oder irreversible

Risikofaktoren oder ein sehr

bevorstehenden Fraktur
(,imminent frocture risk")

vorliegen.

hohes Risiko einer unmittelbar

Fraktur... Gebrechlichkeit,

Allgemeinzustand

Lebenserwartung berucksichtigt werden....

und

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)

Imminente Frakturrisikoerh6hung bei

v' Hiftfraktur im letzten Jahr

v" Wirbelkérperfraktur(en) im letzten Jahr
v 2 oder mehr Stirze im letzten Jahr
v" Neu begonnene GC-Therapie >5 mg/Tag Uber >3 Monate



b) For non-vertebral fractures

= Before 12 After 12
Which treatment to prevent an - e
Immine nt fra Ct ure 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) R EEE
cant, NA - not analysed). Denosumab (Steven et al., 2007)
a) For vertebral fractures Terip ar.ﬂtld:a (Body et al., 262{}]_ N
Abaloparatide (Cosman et al., 2017; Miller et al.,
Befor;e 12 At‘terll2 2016a)
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Ronms.ozumab (Cosman et al., 2016; Saac . '\'_'\VQ or an
Oral bisphosphonates 2017) 'y ant\fesorp
(Black et al., 2000; Chesnut et al., 2004; Harris NS FEE . W\th a pOten .
et al., 1999; Liberman et al., 1995): re Start\ng tu re T\S\(-
t fracture, the frac
Alendronate h \Sk Of \mm\nen Ompt\v rEdUCE
Rised~~ ) \ r . o pr
Tbanc |p) pat\eﬂts at hig ost appropf\ate P Before 12 After 12
Zoledr 1 agent Seems MOSL G months months
Denosu anabo\\c cewwenmeral, | oFEx ) EE% -
2011) Drgl 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 N
2016a) 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., Bone Reports 2021, Which treatment to prevent an imminent fracture Romosozumab (Saag et al., 2017) \ NS




Denosumab for Prevention of Fractures in Postmenopausal Women with Osteoporosis

Table 2. Effect of Denosumab on the Risk of Fracture at 36 Months.*

Table 3. Adverse Events.®

Difference in

Relative Risk or

Rates Hazard Ratio
Outcome Denosumab Placebo (95% ClI) (95% Cl)f P Value
e 710. (76) N\
Primary end point
New vertebral fracture 86 (2.3) 264 (7.2) 48 (39t05.8) 0.32(0.26to 0.41) <0.001
Secondary end points
Nonvertebral fractures: 238 (6.5) 293 (8.0) 1.5(03t02.7) 0.80(0.67 to 0.95) 0.01
\__Hip fracture 26 (0.7) 43(12) 03 (-0.1t00.7) 0.60 (0.37 to 0.97) 004
Other fracture end points
New clinical vertebral fracture 29 (0.8) 92 (2.6) 1.7 (1.1t02.3) 0.31 (0.20to 0.47) <0.001
Multiple (=2) new vertebral 23 (0.6) 59 (1.6) 10(0.5to1.5) 0.39 (0.24 to 0.63) <0.001
fractures
A New Vertebral Fracture /D e \ B Time to First N?::nvertehral Fracture . € Timeto Pt HipFactr |
81 o000 peo 01 peosol peooor g ’ S :Z ) e
" e e R A SRR
e \M s ﬂm/ LW NS M oM oo omom memkb ms e m o oams wn oanoam

Cummings et al., NEJM 2009, Denosumab for Prevention of Fractures in Postmenopausal Women with Usteoporosis

Denosumab Placebo
Event (N=3886) (N=3876) P Valueyj
no. (%)
All 3605 (92.8) 3607 (93.1) 0.91
Serious 1004 (25.8) 972 (25.1) 0.61
Fatal 70 (1.8) 90 (2.3) 0.08
Leading to study discontinuation 93 (2.4) 81 (2.1) 0.39
Leading to discontinuation of a 192 (4.9) 202 (5.2) 0.55
study drug
Adverse events
Infection 2055 (52.9) 2108 (54.4) 0.17
Cancer 187 (4.8) 166 (4.3) 0.31
Hypocalcemia 0 3 (0.1) 0.08
Osteonecrosis of the jaw 0 0 NA
Serious adverse events
Cancer 144 (3.7) 125 (3.2) 0.28
Infection 159 (4.1) 133 (3.4) 0.14
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
Peripheral vascular disease 31 (0.8) 30 (0.8) 0.93
Atrial fibrillation 29 (0.7) 29 (0.7) 0.98
Adverse events occurring in at least
2% of subjectsi:
Eczema 118 (3.0) 65 (1.7) <0.001
Falling§ 175 (4.5) 219 (5.7) 0.02
Flatulence 84 (2.2) 53 (1.4) 0.008
Serious adverse events occurring in
at least 0.1% of subjects$
Cellulitis (including erysipelas) 12 (0.3) 1(<0.1) 0.002
Concussion 1 (<0.1) 11 (0.3) 0.004




10 years of Denosumab treatment in postmenopausal women, FREEDOM Trial, Extension

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)
PINP (ug/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 14-4 115 131 123
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 o7 05 0-8 0-9 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 Diabetes Endocrinol 2017, 10 years of denosumab treatment in postmenopausal women, FREEDOM Trial, Extension
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Comparative Effectiveness of Denosumab versus Bisphosphonates among Treatment-Experienced

Postmenopausal Women with Osteoporosis in the U.S. Medicare Program

Retrospective cohort study, females > 66 years with 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
zoledronic acid (ZA; n=35,100) between Jan 1, 2012 to Dec 31, 2018

Alendronat Orale Bisphosphonate Loledronsdure
(n = 53.155) RR (95% K1) (n = 100.649) RR (95% KI) (n = 35.100) RR (95% K1)
Followed from treatment MOFs
| 1 Jahr —— 0,91 (0,83,0,99) e 0,50 (0,84, 0,96) —— 0,91 (0, 83 0,98)
initiati 1 1 2 Jahre —— 0,85 (0,77,0,93) o=t 0,83 (0,78, 0,89) —— 0,88 (0,81,0,95)
Initiation (mdex date) unti 3 Jahre —— 0,81 (0,73,0,88) ot 0,78 (0,72,0,84) —— 0,85 (0, 78 0,93)
: : 5 Jahre ——t 0,75 (0,67,0,82) —.— 0,69 (0,61,0,76) — 0,69 (0,57,0,82)
the first instance of ot
1 Jahr — 0,86 (0,74, o 99) — 0,90 (0,79, 1,01) — 0,86 (0,74,0,98)
- fra cture 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 (0,49, 0,88) —c—n 0,%0 (0,77, 1,03)
- treatment 5 Jahre — 0,63 (0,51, 0.75) — 0,55 (0,42,0,68)  +——a— 0,62 (0,32,091)
. . . Nichtvertebrale
discontinuation 1 Jahr —— 0,91 (0,82, 1,00) —— 0,93 (0,86, 1,00) t—ompt 0,94 (0,86, 1,02)
. 2 Jahre —— 0,86 (0,77,0,95) —e—t 0.86 (0,80, 0,93) —— 0,91 (0,83,0,98)
- Treatment SWItCh 3 Jahre —— 0,78 (0,70, 0,86) ——— 0,78 (0,71, 0,84) —— 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)
- i i NHNV
Medlca re dlsenrollment 1 Jahr —e—n 0,91 (0,80, 1,03) —eth 0,94 (0,85, 1,02) —a— 0,97 (0,87, 1,08)
_ Death 2 Jahre —— 0,84 (0,74, 0,94) —— 0,84 (0,77,0,92) — 0,91 (0,81, 1,00)
3 Jahre —— 0,74 (0,65,0,83) —— 077 (0,49, 0,85) — 0,88 (0,77,0,98)
. 5 Jahre —— 0,74 (0,64, 0,85) —— 074 (0,46,0,83) —_— 0,62 (0,44,0,81)
- End of available data SBWF
1 Jahr —_—— 0,92 (0,73,1,12) —— 079 (0,67,0,91) —— 0,82 (0,48,0,97)
(Dec 31, 2019) 2 Jahre —— 0,80 (0,65, 0,95) —— 0,72 (0,62, 0,82) —— 0,82 (0,67, 0,94)
. 3 Jahre —— 0,85 (0,69, 1,01) —— 074 (0,64,0,85) — 0,81 (0,66,0,97)
- 5 yea rs post-mdex date 5 Jahre < e , 077 (0,59,095) —— , 063(049,077) —— , 067 (0,50,084)
0,25 05 0,75 1,25 0,25 0,5 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

Dmab reduced the risk of hip fracture by 45% (RR=0.55;68), 37% (RR 0.63) and 38% (RR 0.62) and reduced the risk of MOF by
31% (RR 0.69), 25% (RR 0.75 and 31% (RRR 0.69) compared with oral BP, Aln, and ZA respectively. Similar results were
Observed for NV, NHNV, and HV fraCtures Curtis et al., ASBMR 2023, Abstract FRI-434



Switching from BPs to Denosumab or continuing

Efficacy and

safety of transitioning to denosumab wvs.

continuing

bisphosphonate treatment in postmenopausal women who previously

received oral bisphosphonates

-

Kendler et al. [20]
NCT00377819

Roux et al. [23]
NCT00919711

Recknor et al. [22
NCT00936897

Miller et al. [21]
NCT01732770

Study design

Eligibility

Prior oral BP

\BP dosing

Phase 3, multicenter, double-blind,
double-dummy RCT

Postmenopausal women = 55 years old

BMD T-score <—2.0 and = — 4.0 at total hip

or lumbar spine

Adherence to prior BP treatment, not
specified
Alendronate for =6 months

Alendronate PO 70 mg QW

Phase 3, multicenter, randomized,
open-label study

Postmenopausal women =55 years old

Suboptimally adherent to BP treatment®

Alendronate daily or weekly: first
prescription > | month before
screening: no limitation on treatment
duration

Risedronate PO 150 mg QM (one

25 me tableton each of 2 consecutive

Phase 3, multicenter, randomized,
open-label study

Postmenopausal women = 55 years old

BMD T-score < — 2.0 and = — 4.0 at total
hip or lumbar spine

Suboptimally adherent to BP treatment”

Daily or weekly oral BP; first
prescription = | month before

screening

Ibandronate PO 150 mg QM

Phase 4, multicenter, double-blind,
double-dummy RCT

Postmenopausal women = 55 years old

BMD T-score <— 2.5 at the lumbar spine,
total hip, or fermoral neck

Adherent to BP treatment®

Oral BP for =2 years

Zoledronic acid IV 5 mg Q12M J

Total randomized (1:1) (n)
Denosumab
BP

Sample size for BTM
analysis

Primary endpoint

Secondary endpoints

Results for primary
endpoint

S04

253

251

253 denosumab

251 alendronate

%6 change from BL in total hip BMD at
month 12

%0 change from BL in serum CTX-1 at month

3: % change from BL in lumbar spine
BMD at month 12

Among patients who transitioned to

denosumab vs. continued alendronate use,

total hip BMD increased by 1.90 vs.
1.05% (p < 0.0001)

Adverse Events, n (%)

days)

870

435

435

88 denosumab

69 risedronate

% change from BL in total hip BMD at
month 12

% change from BL in serum CTX-1 at
month 1; % change from BL in lum-
bar spine and femoral neck BMD at
month 12

Among patients who transitioned to
denosumab vs. risedronate, total hip
BMD increased by 2.0 vs. 0.5%
(p=<0.0001)

833

417

416

147 denosumab

133 ibandronate

%6 change from BL in total hip BMD at
month 12

% change from BL in serum CTX-1 at
month 1; % change from BL in lum-
bar spine and femoral neck BMD at
month 12

Among patients who transitioned to
denosumab vs. ibandronate, total hip
BMD increased by 2.3 vs. L.1%
(p<0.001)

Transitioned to DMAb

643

321

322

61 denosumab

56 ledronic aad

% change from BL in lumbar spine BMD
at month 12

% decrease from BL in serum CTX-1 at
various time points; % change from BL
in total hip BMD at month 12

Among patients who transitions to
denosumab vs. zoledronic acid, lumbar
spine BMD increased by 3.2 vs. 1.1%
(p=<0.0001)

Continued BP

N=1,413 N =1,408
Any 910 (64.4) 918 (65.2)
Serious 112 (7.9) 102 (7.2)
Fatal 1(0.1) 3(0.2)
Leading to study discontinuation 26 (1.8) 57 (4.0)
Osteoporosis-related fractures 47 (3.3) 43 (3.1)

~
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=05 dn=1329 13569 1314 1356 1314 1356 537 544
Lumbar Spine Total Hip Femoral Neck 1/3 Radius
Difference: DMAb vs BP 20% 1.3% 1.2% 0.6%
(95% Cl) (1.8-2.3) (1.1-1.5) {1.0-1.4) (0.3-1.0)
- = 0.0001
b 404 P B < 3 years of BP-BP
2 L. p < 0.0001 W < 3 years of BP—DMAD
3 T D= 3 years of 8P 8P
@ 3.0 4 0=z 3 years of BP—DMAD
=
o =
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o
2 20 p=<00001 P=0.0001
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@
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—
O
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L]
=
8 o5 ﬂ-‘
[+
a
00 h {u
05 h-e31701 694 651 624 693 686 656 24 693 6B6 656 168 174 366 363
Lumbar Spine Total Hip Femoral Neck 13 Radius
ifference: DMAD vs BP 1.8% 21% 14% 1.2% 12% 1.2% 0.4% 0.7T%

(95% CI}

(1.5-22) (1.8-2.4)

{1.1-16) (D.9-14)

(09-16) (08-15) (-03=11) (0.3-12)

Miller et al., Osteoporos Int 2020, Efficacy and safety of denosumab vs. bisphosphonates
in postmenopausal women previously treated with oral bisphosphonates




Switching from BPs to Denosumab, Teriparatide, or Romosozumab

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

Yukishima et al., Osteoporos Int 2024, Impact of switching from bisphosphonates to denosumab, teriparatide, or romosozumab in patients with postmenopausal osteoporosis - a case-control study
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Denosumab effect in long-term continued, discontinued, and restarted therapy — Phase 2 Data

v Levels of BTM increased

——Placebo —#—30 mg Q3M 210 mg Q6M Alendronate

O 6 12 18 24 30 36 42 48

upon discontinuation and A. Lumbar Spine B. Total Hip C. Distal 1/3 Radius
decreased with 14 8 5 . _
retreatment. - é 6 é | {
o — ' 2 I :
2o 8 31 4 A*/\ /{ Pt ‘a\l_ B
v Discontinuati By LTINS oD T
Discontinuation of Og ol | A N
. = % 4 | \/ Ofe4—4 ! \// 5
denosumab was associated £ ol | \ ' 2
. a: == 0 ! -2 : _
with a BMD decrease.of -EMH\H ) \*\i -4 : ﬁ\\{
6.6% at the lumbar spine 4 A - |
and 5.3% at the total hip 0 6 12 18 24 36 48 0 6 12 18 24 36 48 0 6 12 18 24 36 48
" . Months Months Months
within the first 12 months
D. Serum C-telopeptide E. Bone-specific Alkaline Phosphatase
Conclusions: ..long-term  _ '* | 2
denosumab treatment led to gains g 1.2 | /[{ g 20
in BMD and reduction of BTM o . i/- \ S 15 N
throughout the course of the study. ¢ ae$—+a#/+“{f"aL;%,f = oI A4 "waw
S 04 |/ —\ g ' i —1
The effects on bone turnover were 3 oo y [ g s A
fully reversible with ok ' 0
0 6 12 18 24 30 36 42 48

discontinuation

Maonths

Months

Miller et al., Bone 2008, Effect of denosumab on bone density and turnover in postmenopausal women with low bone mass after long-term continued, discontinued, and restarting of therapy - A randomized blinded phase 2 clinical trial



QO <6injections @ > 6 injections

Number of Dmab injections before discontinuation and changes in EEEEEEE AN 129 CT(ng/m)
BMD 1 year after subsequent i.v. ZOL 5mg | o T

47 postmenopausal women who received a single zoledronate infusion 6
months after the last denosumab injection and then were followed for 1

year. Twenty-seven women received < 6 denosumab injections (< 6 Group) % H :

H LI . 00— T T T T T 0.0 T T T T T
and 20 received > 6 denosumab injections (> 6 Group). BL om m B 6m fm BL 6m f2m  BL 6m f2m
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The duration of denosumab treatment significantly affects the efficacy of subsequent zoledronate infusion to maintain BMD
gains. Frequent follow-up of patients treated with denosumab longer than 3 years is advisable as additional therapeutic
interventions may be needed.

Makras et al., JCEM 2021, The Duration of Denosumab Treatment and the Efficacy of Zoledronate to Preserve Bone Mineral Density After Its Discontinuation



Initiating Denosumab |
Judicious patient selection*

Treatment Monitoring
. Assess benefit vs risk
B —

Denosumab discontinuation - emerging strategies to prevent bone loss and fractures

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

Kumar et al., JBMR 2025, Denosumab discontinuation in the clinic - implications of rebound bone turnover and emerging strategies to prevent bone loss and fractures




Differential structural effects of

antiresorptives vs PTH analogues

Bisphosphonates
Denosumab

NC Periosteal diameter
Endocortical diameter

V¥ Cortical porosity

A Trabecular indices

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

Areal BMD HR-pQCT, QCT QCT Bone biopsy/QCT
Location Spine Hip Radius/Tibia Spine Hip
Measure BMD Per.Diam CoPo CtTh Tb CoPo CtTh BV/TV CoPo CtTh BV/TV
(Approx. % increase)
o Bisphosphonates 4@ 2-25@ LNS@ i 1.NS©@ [ NS™
P Denosumab 55 g s ol o
e Teriparatide 9(C) 3(C) T(ﬂ T,NS“) T,NS (@ Tll(i) NS(]) T(k) T(O) T(D) T(D)
o
Abaloparatide i 49
o Romosozumab 135¢@ 6.5 10 = e
o
o
o
o
S \ Age Diameter Number
Teriparatide
ide? . Habitual . : L Hydroxyapatite
(Aba|OPara‘Ude- ) Genetics loads Thickness Thickness Collagen crosslinking grrangyergent
o O S ° oo © I I I
- Sex steroids Genetics Porosity Connectivity Collagen density Mineralization
O
/ 0 ] ] ] 1
5 Cortical Trabecular Matrix Mineral
5 ° | | } |
o v 4
O o - - . -
. , 0 Size Shape Architecture Composition
° o o
oo O \ l
A Periosteal diameter
A Endocortical diameter Bone Strength
A Cortical porosity
A Trabecular indices

Choksi et al., Clin Diab Endocrinol 2018, The challenges of diagnosing osteoporosis and the limitations of currently available tools



Open-label Teriparatide s.c. 20ug/d (n=33) vs. Denosumab 60mg/6mo (n=36, 60mg) in treatment —

Remodeling- and Modeling-Based Bone Formation

naive postmenopausal osteoporosis. Histomorphometry before and after 3 mo of treatment
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Dempster et al., JBMR
2017, Remodeling- and

Modeling-Based  Bone
Formation With
Teriparatide Versus
Denosumb - A
Longitudinal Analysis
From Baseline to 3

Months in the AVA Study
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Effects of teriparatide and risedronate on new fractures in Teriparatide - Risedronate group
group (n=680) (n=680)

menopausal women with severe osteoporosis (VERO) e e
A Incidence of new vertebral fractures Previous ostecporosis medication use
- i i Patients with =21 [ 6 (73% 85 (719
12 [ Teriparatide ReIaT(@sk: 044 \ D*:tl':'ln ;::::istiegw;?m 496 (73%) 485 (71%)
_ [ Risedronate (95% €10.29-0.68) | 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:‘
£ (95% Cl: 0-30-0-91) 1 231 (34%) 240 (35%)
& 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 is of ne . those 102(15%)
E orosis, the ! ide than 10 t
E yere 0St€OPZ =7, L teriparatl
2 5 18/574 with s ecewmg
pOSt‘men p . .f- Ca\'\t‘y ‘ower s 0‘32_074) Risedronate
AmOng rures is sign! L p=0-0009 4
snicgl frac g
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 Trial - Risk of Fractures in Subgroups with Severe

Osteoporosis

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 [0.09, 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]
- Hazard ratio (95% Cl): 0.52 (0.27, 0.99)
£, 7 - Prior nonvertebral fracture*
© Overall 0.13 0.39 [0.25, 0.61]
< 19 e no 201355 ( 5.6) 38/385 ( 9.9) —-— 0.55 [0.33, 0.92]
g 6 yes 8161 ( 5.0) 26148 (17.6) [ - 0.27 [0.13, 0.58]
2 Glucocorticoid use
-~ |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) 7/42 (16.7) | 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 o !
Risedronate 293 262 246 238 215
Teriparatide 295 264 247 234 211 6ot 04 08 11y A6
Risk Ratio

In postmenopausal women with severe osteoporosis, risk reduction of TPTD vs RIS for new VFx, clinical
fractures, and NVFFx was confirmed across different subgroups including patients pretreated with BPs.

Geusens, JBMR 2018, Effects of Teriparatide Compared with Risedronate on the Risk of Fractures in Subgroups with Severe Osteoporosis - The VERO Trial



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

BisphOSPhonates VS Teriparatide vertebral (b) fracture at 18 months.
Glucocorticoid induced Osteoporosis ; ™\

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
vertebral bone fracture
. . . 0 Langdahl 2003 10 165 1 170 98% 1030([133,7959]
Subgroup analysis of the efficiency of BMD change (%) Losacta 2009 10 165 1 171 98% 1036(134 8006
Saag 2009 13 214 3 214 165%  433[1.25, 1499 —_—
/ \ Subtotal (95% CI) 544 555 36.1% 6.27 [2.44, 16.07) e
2 Bisphosphonate Teriparatide Mean Difference Mean Difference Total events - EB: 6 = S e
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 65 982 195 7.9% -3.60(-558 -1.62) b o verebal bone focars
Cluer 2012 3.32 1141 47 694 1164 45 2.0% -3.61[-8.32, 1.10] _ st , , . o . AL
Langdahl 2009 3.28 1557 148 7.5 3112 155 15% -4.22[-9.72, 1.28] td"g'd"dhalfﬁ;; 1? ]é; 1§ ill oo 1)‘s= [3 Fﬁ : “2] e
Losada 2009 42 1192 148 848 1137 156 5.3% -4.28(-6.90, -1.66] Zzz auw - = s — iu o ;s} I
Saag 2007 3.4 852 148 7.2 874 156 8.1% -3.80(-5.74, -1.86] — 2 btotal (95% CI ’ 593 598  63.9% 0.98 [0, “Z 155 <
Saag 2009 3.8 7.66 148 8 681 156 10.0% -4.20(-5.83, -2.57) — = :glatloo:er(ls ) 35 36 ° oen L8l
0, LY o = e 1 3
Subtotal (95% CI) o 81 ; 863 34.8% -3.96 [-4.90, -3.01] > Heterogeneity: Tau? = 0.00; Chi? = 1.86, f = 2 (P = 0.39); I = 0%
Heterogeneity. Tau® = 0.00; Chi* = 0.32, dl =S (P = 1.00); I* = 0% TocUfoF overall effecti7 & 0 08 (P =0 93 2
Test for overall effect: Z = .20 (P < 0.00001) vesylotoveral eliectc = Q.Use=10.93)
b Total hip Total (95% CI) 1137 1153 100.0% 2.00 [0.90, 4.44] .
Devogelaer 2009 2.7 1005 174 32 1028 182 7.3% -0.50(-2.61, 1.61] —a ;z‘lil,e,;:,rfm Tau® = 0.61 ff,: = 1550, df :4514. = 0.008); I = ¢ ' ' ' "
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 S SR S S Z e I 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 9.6% -143[-3.11,0.25] —
Saag 2009 23 7.3 148 3794 7.62 156 97% -149[-3.17, 0.18] —
Subtotal (95% C1) 805 850 40.9% -1.23[-2.10, -0.36) S _ : : : :
Heterageneity: Tau? = 0.00; Chif = 0.63, df = 5 (P = 0.99); F = 0% Meta-regression analysis shows that factors including age, sex, menopausal status,
Test for overall effect: Z = 2.77 (P = 0.006 1 1 1 1 H H 1
G0l steroid dosage, steroid duration, underlying diseases and previous rheumatic
C
Femoral neck . . . . . .
Deoneerz009 23 752 174 33 852 12 97% -L0D(-267.067) s diseases, and previous bone fracture are not associated with the incidence of
Gluer 2013 -1.1 754 47 152 832 45 32.8% -2.62[-5.87, 0.63] _
Losada 2009 2.85 155 144 4.48 1642 156 32% -163[-5 £4 1.98) —_— vertebral bone fracture
Saag 2009 2.86 9.09 145 445 899 156 7.6% -159[-3.63, 0.45 S : : : . : . ! .
;ﬁg‘ot‘a,'(gs% cn 510 539 24.3% -1 455 [[2 58, '0 31} < » 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
The increases in BMD were sign. greater with Teriparatide vs BPs: Steroid dosage 2.356(0.524-10.595)  0.167 0.599 50.42
B 0, Steroid duration 1.582 (0.472-5.299 0.314 0.944 21.98
- Lumbar Spine + 3.96% (p<0.00001) ‘ )
. o Underlying disease (previous rheumatic disease) 0.387 (0.00-25.483) 0.433 1.24 6.79
- TOtaI H I p + 1'23 A) (p_0'006) d Previous fracture 1.342 (0.235-7.664) 0.543 1.487 -11.55
0 — v ebral fractur. _ - _
- Femoral Neck + 1.45% (p_O_Ol) Previous vertebral fracture 1.348 (0.197-9.208) 0.655 1.431 18.27

Dong et al, Horm Metab Res 2023, Comparison of Bisphosphonates versus Teriparatide in Therapy of  ajlare univariate meta-regression analyses, with the exception of teriparatide compared with bisphosphonate as a reference. Proportion between
Glucocorticoid induced Osteoporosis - Meta Analysis study variance was explained with Hartung-Knapp modification.
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Teriparatide following Alendronate vs. Risedronate — OPTAMISE-Study
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This non-randomized but prospective study suggests that there may be differences in anabolic
responsiveness to teriparatide as a function of the type of prior bisphosphonate exposure.
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Miller et al., JCEM 2008, Early Responsiveness of Women with Osteoporosis to Teriparatide After Therapy with Alendronate or Risedronate



Teriparatide Treatment Effect and Significance of Pretreatment

Lindsay et al.,
Osteoporos Int
(2016)
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A. Treatment-naive patient

Teriparatide induced trabecular connectivity
Pre-treatement effect on

Teriparatide-Efficacy A\\)

Exploratory analysis to investigate the effects of
teriparatide on cancellous bone microstructure in |

postmenopausal women with osteoporosis who were soum | LB
either treatment-naive (TN, n = 16) or alendronate-

Baseline 24 Months of Teriparatide

B. Alendronate-pretreated patient

pretreated (ALN, n = 29) at teriparatide initiation.

Teriparatide (20 pg/day) was given for 24 months

Fahrleitner-Pammer et al.,
microstructure in

Bone 2016, Improvement of cancellous bone
patients on teriparatide following alendronat

Treatment-naive

ALN-pretreated

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
(not head to head)

Teriparatide in 0.12 -
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in bone mineral density women over the same period of time in the
trial of Neer et al.

Cusano et al., ] Osteoporos 2011, Therapy of Osteoporosis in Men with Teriparatide



[l Teriparatide M Risedronate
— p=0.004 —|

Teriparatide and Risedronate in GIO in Men

16
p— l
| Enrolled: N=174 | Screening failures: N=82 (100%) mE 4
}— Entry criteria not met: N=68 (82.9%) o
l Randornized: N=92 J gineptldecmc‘m_: }{:12_(14'6%] E 12
| ysician decision: N=2 (2.4%) E 16.3%
Teriparatide: N=45 ‘ l Risedronate: N=47 ‘ : 1D —
w — p=0.563 —
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Death: N=2 (28.6%) - || Death: N=1 (12.5%) O 2
Protocol violation: N=1 (14.3%) Patient decision: N=2 (25.0%) [+1s]
Patient decision: N=4 (57.1%) Adverse event: N=3 (37.5%) =
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W]
Completed: N=38 (84.4%) | |  Completed: N=39 (83.0%) %
Non-missing 18-month data? Non-missing 18-month data® E 4 5.7%
QCT: N=36 (80.0%) QCT: N=34 (72.3%) '
HRQCT: N=28 (62.2%) HRQCT: N=28 (59.6%) ﬂ 2
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Gller, JBMR 2013, Comparative Effects of Teriparatide and Risedronate in GIO in Men, 18-month Results of the relative TMD 100% 93% 0% 107%

EUROGIOPs Trial




Teriparatide in AFF

First author/ Patients TPTD Age/ Gender BP Fractures Location Initiation of Treatment Duration surgery Union Time to
reference/date/ (n) therapy mean duration/ (n) TPTD dose of (n) rate (%) union/
country (n) age mean time treatment mean
time
Anas Saleh, 2012, 10 9 S50-85 F 4-17 years/10 IF ST (4)WFD NS NS 24 months MS S0 3 months
USA (57) vears/67 vears (11}
years
Paul D. Miller, 2015, 15 13 57-87 F 6-11 years/7 CF B, FD (n= After the first 20 pgid 12 monthe NS
USA (21) years/ 67 Vears &)/l or R FD bone biopsy . to
years (mn=19) . the t“ I ‘e
Naochisa Miyakoshi, 34 NS 66-88 F 1-11.6 we=--'" b reduc‘ng 2-7 months/
2015, Japan (58) = \. n Of AF S 5.4 months
Basmah te the hea \ g NS
K. Alwal rO‘ ‘ \O .
=ine /TPTD MAY f non-union
L]
Wen-Ling \' ke\ ‘hOOd O 23-82
2017, Tain "On an ‘ months/4.4
L]
bone un i« complicated -
: 0OpOrosiS
H. Tsuchie t n OS e 61=4.1
Japan (61) . d for trea ‘ months
onsidere
u \ d e C 10,1 + 4.2
/ T PT D S O months
(weekly)
HiroyukiTsu s NS Postoperation 20 pgfd 12 months NS NS NS
2021, Japan by AF S (12) immediately (n =
706 months (n=
&)
Cherie Ying Chiang, 14 5 76 years F (130M 4-10 years IF (8 CF (B) NS NS 20 pg/d & months NS NS NS
2013, Australia (63) (1)
Nelson B Watts, 14 14 52-83 F 3-14.5 years/ IF (5)CF (9) NS NS NS 24 months NS 64.3 NS
2017, USA (64) years/68.3 8.8 years
years
5. L. Greenspan, 13 13 74.2 years F NS IF (1 )}CF NS Postoperation 20 pgfd 12 months NS NS NS
2017, USA (65) (12) immediately (n =

706 months (n =
&)

Gao et al., Front Surg 2023., A brief review and clinical evidences of teriparatide therapy for atypical femoral fractures associated with long-term bisphosphonate treatment



) ) ) Teriparatide was significantly associated with a greater rate of
Terlparatlde iIn ONJ resolution of MRONJ lesions compared with placebo (OR for

change over time in the control group, 0.40 v 0.15 in the

i MRONJ DISRUPS B TERIPARATIDE RESCUES

BONE HOMEOSTASIS BONE HOMEOSTASIS teriparaide group; p=.013).
Bone Bone Bone «— Bone
formation # resorption formation resorption 'l ﬂ.ﬂ.
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g Change in ONJ sites over time
40
Yu et al., Medical Hypotheses 2023, Teriparatide-induced alleviation of medication-related i Placebo OR, 0.40; 95% Cl, 0.22 to 0.74
osteonecrosis of the jaw - Potential molecular rT.1echan|sms z 3{} | Teriparatide 'DH, 0.15; 95% C|, 0.07 to 0.33
Rando{r:lf;;;signed E 2{} i P- .{”31
= ={] = Placebo
10 4 —&@— Teriparatide
Died pre-intervention in = 1}
MROMJ self-resolved (n = 1)

| | 0 12 24 96 48
Week

Assigned to placebe group (n = 19) Assigned to teriparatide group (n = 15)

| | The only significant predictor of MRONJ resolution was low
I gingival index, which is an indicator of good oral hygiene

Died during follow-up period (n=1)  Completed follow-up at 12 months (n = 15) Sim et al., J Clin Oncol 2020, Teriparatide Promotes Bone Healing in Medication-Related Osteonecrosis of the Jaw - A Placebo-
Lost to follow-up in=1) . .
Controlled, Randomized Trial




Fracture Risk with Osteoanabolic Drugs

Study Study population Assigned treatment Treatment effect
PM women with Romosozumab to Alendronate to
osteoporosis and alendronate alendronate Treatment time
ARCH [83] fragility fracture (n = 2046) (n=2047) (months) ARR RRR P-value
Fracture incidence
Vertebral 6.2% 11.9% 24 5.7% 48% <0.001
Nonvertebral 8.7% 10.6% 32.4% 1.9% 19% 0.04
Clinical 9.7% 13.0% 32.4% 3.3% 27% <0.001
Hip 2.0% 3.2% 32.4% 1.2% 38% 0.02
Study Study population Assigned treatment Treatment effect

PM women with >2

moderate or >1 severe

vertebral fracture & a Teriparatide Risedronate Treatment
VERO [49] BMD T-score <—1.50 (n = 680) (n = 680) time (months) ARR RRR P-value
Fracture incidence
Vertebral 5.4% 12.0% 24 6.6% 56% <0.0001
Nonvertebral 4.0% 6.1% 24 2.1% 34% 0.10
Clinical 4.8% 9.8% 24 5.0% 52% 0.0009

ARR, Absolute risk reduction; BMD, Bone mineral density; PM, Postmenopausal; RRR, Relative risk reduction.
Adapted from [83] and [49].

a - - -
Denotes median + interquartile range. Lorentzon, J Int Med 2019, Treating osteoporosis to prevent fractures - current concepts and future developments
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Optionen in der Sequenztherapie Abaloparatid

Denosumab
. o . . ... . . Raloxifen / HRT
Verfligbarkeit insbesondere von Teriparatid und Denosumab als Biosimilars erleichtert die B Fomosozumab

wirtschaftliche Umsetzung individualisierter Sequenztherapien.
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Denosumab discontinuation - emerging strategies to prevent bone loss and fractures

Rebound phase
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Denosumab Denosumab treatment Denosumab
initiation cessation
Table 2. Risk factors for developing vertebral fractures and/or BMD loss after denosumab withdrawal.
Prior to denosumab therapy During denosumab therapy After denosumab therapy
Prevalent VFs or other fragility fracture Prevalent VFs or other fragility fracture No bisphosphonate therapy
No bisphosphonate therapy Longer treatment duration (>2-3 yr) Longer duration off-therapy
Greater BMD gain Greater hip BMD loss

Younger age
Higher off-treatment CTx

Table summarized from references,14-16:20,22,26.28-32 Apbreviations: CTx, C-telopeptide of type I collagen; VF, vertebral fractures.

Kumar et al., JBMR 2025, Denosumab discontinuation in the clinic - implications of rebound bone turnover and emerging strategies to prevent bone loss and fractures



RCT, TPTD 20 pg/d sc (n=34) vs ZOL 5 mg i.v. (n=35),
Histomorphometry in Subjects on Teriparatide Histomorphometry at 6 months

O r ZO I e d ro n iC ACi d Th e ra p iy (S H OTZ) St u dy Dynamic parameters Teriparatide, n Zoledronic acid, n WilCO);OGarlir;k-SlJm

Mineralizing surface/bone surface (MS/BS, %) 28 5.60(3.00, 11.75) 30 0.16 (0.00, 0.58) <0.001
Activation frequency (Ac f, per year)® 28 0.37(0.17,0.82) 16 0.03 (0.01, 0.04) <0.001
Bone formation rate/bone surface (BFR/BS, 28 0.0116(0.0051, 0.0265) 16 0.0009 (0.0003, 0.0012) <0.001

A * Double or Single Label B mm¥mm?fyry®
(. [ ] Bone formation rate/bone volume (BFR/BV, 28 0.21(0.10, 0.43) 16 0.01 (0.00, 0.03) <0.001
100 - 14 - o )
s Teriparatide * _ ;g{:‘;ﬂ;’;;‘:‘;u " Mineral apposition rate (MAR, pm/d)® 28 0.56(0.48 0.62) 16 0.50 (0.40, 0.52) 0.031 |
Zoledronic Acid 12 Adjusted apposition rate (A].AR, wm/d)” 28 0.34(0.15, 0.5T) 16 0.05(0.02, 0.18) <0.001
80 1 Mineralization lag time (Mlt, d)* 28 13.63(11.22,29.22) 16 75.72 (26. 84 193.78) <0.001
. % «P<0.001 vs Osteoid maturation time (Omt, d)® 28 9.99(8.39, 10.74) 16 9.05(7.83, 10.76) 0.502
PR M LS P zoledronic acid Total formation period (TL.FP, d)? 28 0.24(0.16, 0.50) 16 1.46(0.44, 3.10) <0.001
g 60 P z Active formation period (a.FP, d)® 28 0.15(0.14, 0.17) 16 0.16 (0.15, 0.19) 0.154
"2 . £ 8 1 Double-label surface/bone surface 28 4.13(2.14, 8.88) 30 0.07 (0.00, 0.30) <0.001
g M @ (dLS/BS, %)
S 40 9 6 Single-label surface/bone surface 28 3.19(1.58, 4.86) 30 0.02 (0.00, 0.38) <0.001
o =
(sLS/BS, %)
4 Double-label length (mm) 28 0.35(0.28, 0.38) 16 0.24(0.19, 0.30) 0.002
al atic parameters, bone Tormation
2 | Osteoid volume/bone volume 28 1.32(0.81, 2.13) 30 0.24 (0.08, 0.49) <0.001
(OV/BV, %)
s E E o T Osteoid surface/bone surface 28 11.34(6.58, 16.52) 30 2.51(1.27, 4.58) <0.001
n=28n=18 n=28 n=13 n=0 n=3  n=0 n=2 n=0 n=12 n=28 n=30 \__ (O5/BS, %)
Any Double + Double Label Single Label No USTeOId tNTCKMESS TUSTTT, LLITl) £O 4744 .9, 0.00) 2U 2.0 13.01,4.L2) =U.UU1
Label Single Label Only Only Label Wall thickness (WTh, pwm) 28 31.29(28.80, 33.26) 30 28.63(27.16, 30.43) 0.014
4o oo e aes [N nrnfinn
[ Eroded surface/bone surface (ES/BS, %) 28 4.59(3.14, 6.01) 30 2.71(1.73,3.21) <0.001 ]
2 BFR/BV(x50) 0SmS
ZOL (MS/BS 0.20%) ; L i B o
MAR(x10) a.FP(x10) S
MS/BS »t 5 10——15 AJAR(X10] s 1:0—1}5 ES/BS
dLS/BS ‘ TEFP(x10)
OV/BV(x10)
Dempster et al., JCEM 2012, Skeletal Histomorphometry in Subjects on Teriparatide or Zoledronic Acid Therapiy SESES . T N oo — Teriparatide

Zoledronic Acid Zoledronic Acid

(SHOTZ) Study - A Randomized Controlled Trial MRAG) WTh(/10)
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