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Aedopéva dLadoxLKNC Bepameiac oty 00TEOMOPWON

Sequential Therapy

Spine BMD — Benefit
Hip BMD — Benefit

Spine BMD — Benefit
Hip BMD — No benefit

Spine BMD — Benefit
Hip BMD — No benefit. Loss x 18 months

Spine BMD — No benefit
Hip BMD — No benefit. Loss x 18 months also Loss of Cortical BMD and Hip strength x 18 months

Spine BMD — Benefit
Hip BMD — Benefit. Cortical BMD and Hip Strength benefit

Spine BMD — Benefit
Hip BMD — Benefit

Spine BMD — Benefit
Hip BMD — Benefit

Vertebral and Non-Vertebral # Risk Reduction in ABL—=> ALN x 2 years

Vertebral, Clinical and Non-Vertebral # Risk Reduction in Romo = DMB x 1 year

Vertebral and Non-Vertebral # Risk Reduction in Romo = ALN X 1 year

Spine BMD — Maintained
Hip BMD — Benefit

Spine BMD — Benefit
Hip BMD — Benefit

“Switch to or ADD”
Cosman F et al. ICEM
2009;94(10);

3772

DATA Switch - Leder BZ et al.
Lancet 2015;386(9999);1147

STRUCTURE
Langdahl BL et al.
Lancet 2017;390

PaTH Black DM
et al. NEJM 2005;353

DATA Switch - Leder BZ et al.
Lancet 2015;386(9999);1147

ACTIVEXTEND
Bone HG et al. JCEM 2018;103

FRAME Cosman
F et al. NEJM 2016;375

ARCH Saag KG
etal. NEIM 2017;377

EUROFORS
Eastell R et al. JBMR 2008; 726

Kendler DL et al. IBMR 2010; 72

Chandran M, Arch Endocrinol Metab. 2022 Nov 11;66(5):724-738



Treatment Sequence for Osteoporosis

Table 1
Effects of Osteoporosis Medication Discontinuation

Highlights

Medication Effect on Rate of Effect on fracture
bone bone loss
turnover
Bisphosphonates™” Gradual 1 Largely maintained
increase antifracture
toward efficacy for 4-5y
baseline
Denosumab®'” Rapid 11 Prompt loss of antifracture
increase efficacy
to levels and increased risk of
above multiple vertebral fractures
baseline
Teriparatide®”'"  Return to 1 Some possible maintenance of
baseline antifracture efficacy through
from higher 30 mo
levels
on
treatment
Romosozumab’  Increase to 11 Not evaluated
levels
above
baseline
Hormone Return to T1 Attenuation of antifracture
therapy'“'*'®  baseline efficacy
Raloxifene'” levels for hormone therapy, unknown

for raloxifene

» When osteoporosis medications are discontinued, bone loss
occurs at varying rates.

¢ Stopping denosumab can be accomplished safely by transi-
tion to an adequate bisphosphonate regimen.

e Switching from bisphosphonates to denosumab results in
further improvement BMD.

e Treating with osteoanabolic agents first, followed by anti-
resorptive agents, produces substantially larger BMD gains
than the reverse sequence.

¢ Switching from a bisphosphonate to romosozumab is supe-
rior to switching from a bisphosphonate to teriparatide.

Clinical Relevance

Sequencing from one treatment to another at different ages and
stages of disease is an approach that can maximize benefits
and avoid potential risks from long-term treatment with any
single agent. Awareness of the importance of treatment
sequence can help improve osteoporosis care across the
postmenopausal lifespan.

Cosman F, Langdahl B, Leder BZ. Endocr Pract. 2024 May;30(5):490-496




Mepimtwon 1

Nuvaika 65 etwv AapBavel anod 5etiac aywyn pe puledpovatn 35mg kot €xeL T-score o€ apLOTEPO
oxio (TH) -2,2, kot oto 02-04 -2,5. Ot TipéC tng BMD eival otaBepéc yia tnv teAevtaia 3etia. Asv
EXEL LOTOPLKO Kataypatoc, AQPnc KZ, oute deuteponadolg ooteonopwong, BMI 27. T Oa mpEmet
va YLVEL;

A. Na yivel drug holiday ywa €éva £€toc

B. Na 600l denosumab yia va BeAtiwBel n ootk mukvotnta Kat va HetwOel o kivéuvoc ON tn¢
yvaOou Kot ATUTIOU KOTAYHOATOC TOU LoXiov amno cuvext{opevo dipwaodoviko (AD)

. Na 600¢i teputapatién oe €dadog anotvyiog twv AD
A. Na cuvexlotei n aywyn pe puledpovatn yio AAAa 2 £Tn
E. Na yivel pua éveon {oAevépovikoU 5mg iv

2T. Na 60000V yLa dAAa 5 £€tn alevdpovarn yia ntepattépw BeAtiwon tng BMD



Molol aoBeveic mpemnel va AdBouv Bepamneia yia ooteonopwon;

Oepaneia og OAoUC TOUC acOeVEiLC pe KATAaya GTTOVOUALKO /Ko LoXLou i TEPLOCOTEPA OATLO £Vl
£tepa Kataypata xapnAng Biog

Oepancia og OAou¢ Touc acBeveic pe T-score < -2,5 (0AKO LoXio | avxévag pnptaiov) R/Kat
O.M.1.2.

MéEtpnon ootikng mukvotntac e T score petaéL -1,0 kau -2,5 (ooteonevia) aAld pe 10-eTn
Kotolypatiko kivéuvo (FRAX) 2 10% yia peilov 00TEOTTOPWTLKO KATaypa R/Kat 2 2,5% yua
KAtayua woxiov, yia atopa nAwkioc 50-75 stwv

MéEtpnon ootikng mukvotntac e T score petaéL -1,0 kau -2,5 (ooteonevia) aAAd pe 10-€Tn
Kotolypatiko kivéuvo (FRAX) 2 15% yia pHeilov 00TEOTTOPWTLKO KATAYHA /KAl = 5% yla KAtayuo

Loxiov, yia atopa nAkiog avw tTwv 75 eTtwv

Ynoupyeio Yyeiag, AnpiAiog 2019



Post-menopausal women treated with oral (= 5yrs)
or IV (= 3 yrs) BPs

l

Hip, spine or multiple other osteoporotic fractures before or during therapy AAVéple “.Oq
YV N;, Bepaneiac os
METEUNVOTIOLUGLOLKEC
Reassess benefits/risks Hip BMD T-Score < -2.5 ) ’
Consider continue BP ™ or OR YUVOLKEG HLE
change to alternative therapy(z) high fracture risk @) Octsonépwan OE
Reassess every 2-3 years

HaKpOXpoOvLa
Xxopniynon A®

Yl lNU

Reassess benefits/risks Consider drug holiday
Consider continue BP for up to 10 yrs )
or change to alternative therapy ) Reassess every 2-3 years

Reassess every 2-3 years

Adler RA, J Bone Miner Res. 2016;31:16-35



ENDOCRINE B Odényieg yLa tnv Bepaneia tng
= WETEMUNVOTIOUGLAKNAC OCTEOTIOPWONC

Essential Points

Treat high risk individuals - particularly those with previous fracture.

Consider bisphosphonates as the first line therapeutic choice for postmenopausal women at high risk
of fracture.

Reassess fracture risk after patient has been on bisphosphonates for 3-5 years.

Following reassessment, prescribe a “bisphosphonate holiday” for women who are on
bisphosphonates and are low-to-moderate risk of fracture.

Consider anabolic therapy (teriparatide or abaloparatide) for women at very high risk of fractures,
including those with multiple fractures.

All women undergoing treatment with osteoporosis therapies other than anabolic therapy should
consume calcium and vitamin D in their diet or via supplements.

Monitor the BMD of high-risk individuals with a low BMD every 1 to 3 years.

Eastell R, J Clin Endocrinol Metab, May 2019, 104(5):1-28



REVIEW JBMRPLUS e

Bisphosphonate Drug Holidays: Evidence From Clinical
Trials and Real-World Studies

Bisphosphonate Drug Holiday

REDUCE the risk of INCREASE the risk of
Atypical Femoral Fracture Fragility Fracture

Individual factors:

[ Prevalent/incident
fracture

Low hip BMD <-2.5 5.D.
at end of treatment
Older age

Underweight

Low adherence

Individual factors:

[J Treatment duration
> 5-8 years

[ Asian ethnicity

[d Glucocorticoid use

1 Femoral geometr
U Anthropomorphic
features

COoO0 C

Wang M, JBMR Plus. 2022 May 24;6(6):€10629



Cost-effectiveness of five versus ten years of alendronate
treatment prior to drug holiday for women with osteoporosis

Treatment Fracture
strategy state Outcomes
| A |
[ | | \
No new
fracture
— No fracture |~
| | Newmorph. | |
vert. fracture
Alendronate 5/5 |~ -
] || Vertebral | | Community Alendronate
fracture dwelling | [ New clinical ] | | [ 2dverse event
. @] Survive vert. fracture
Woman with -
osteoporosis —T—Alendronate10/5 || I—:;r;\t?lrrtés - Nursing TR —
home || New humerus | | event
fracture
| Noalendronate |- Wrist
treatment | fracture
| | New wrist
fracture
= Hip | | L Death
racture || New hlp
fracture
l
Hospital
death

Meta 5 €tn aywyng He adevdpovatn oL VeGTePEC Yuvaikes (nAkiag 50-70) Oa prmopouvcav va wdeAnbouv
nbava ano pia drug holiday, evw ol peyaAvtepeg yuvaikeg (nAtkiog 80) eivan miBavatepo va wgpeAnbouv
oo 10t xopriynon nptv pia drug holiday.

Nayak S, Osteoporos Int. 2020;31(7):1273-1282



The NEW ENGLAND JOURNAL of MEDICINE

ORI

GINAL ARTICLE

Atypical Femur Fracture Risk versus Fragility
Fracture Prevention with Bisphosphonates

Ta ATUTIAL KOTAYLOLTOL TOU pnplaiov avéavovtol JeE thv
Hakpoxpovia xprion twv A® Kot petwvovTtal HE TNV
Slakomnn toug

C AFFs According to Cumulative Bisphosphonate Exposure

D AFFs According to Time since Bisphosphonate Discontinuation
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E AFFs and Hip Fractures According to Age
AFFs M Hip fractures 229
250 (N=3540)
T 2004
£
s 8
[+ - 1504
g a
= 83.4
28 100 (N=3568)
go
=
Ty 28.5
= 1 es 100 22 (N=1550) 24
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Kaiser Permanente Southern
California health care system; Ot
yuvaikeg napakoAovOndnkav ano
lav 2007- Nog 2017

2e 196.129 women, cuvéBncav 277
ATUTIOL KOLTAYLOLTAL TOU pnplaiov

H enintwon twv dtunwv
KOTAYHATWV avéROnKe Le TRV
Sdlapkela tng aywyns pe AD, ano
0,07 ava 10.000 acBevo-£1n o€
yuvaikeg pe AnPn AD Awydtepn ano
3 pRveg og 13,10 ava 10.000
0l0OEVO-£TN OE EKELVEC LLE TAVW

arno 8 £€tn AnNYng

Black DM, N Engl ) Med 2020;383:743-53



Risk for osteonecrosis of the jaw higher
with denosumab vs. bisphosphonates
#ASBMR #BoneScienceNews
http://ow.ly/M3FV50IEoBJ

Incidence rates of osteonecrosis of the

jaw in adults with osteoporosis

Bisphosphonate Denosumab
therapy therapy
I @& 5 28 @ 3
per 10,000 per 10,000
person-years person-years




ORIGINAL ARTICLE JBMR?

Risk of Osteonecrosis of the Jaw Under Denosumab ONT: lMNowo GUXVN GE
Compared to Bisphosphonates in Patients With Denosumab r'l A(D;
Osteoporosis
m Dmab O kivéuvog yra ONJ qtav
20 1 Drug Holiday vPnAotepoc otouc acBeveic ov
= BPs AdpuBavav denosumab oe
157 ouykplon pe ta AD (oXETIKOG
5 10- kivbuvog 3.49, 95% Cl 1.16 to
” 10.47, p = 0.026). NponyoUuevn
5= aywyn pe A npv xopnynOei to
o 2 B : denosumab pmnopei va givat
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 emunpPocBetog Kivbuvog yLa

gndavion ONJ.
ONJ under Dmab ONJ under BPs

Subjects who underwent at least one dual-energy X-ray absorptiometry

(DXA) examination were included in the osteoporosis register of the Swiss

Society of Rheumatology between January 1, 2015, and September 30, 2019.
Everts-Graber J, ] Bone Miner Res. 2022;37(2):340-348



A® + Denosumab kat emakoAovOn ocTtEOVEKPWON TNC YvaOou

=  [uvaika nAwkiag 65 etwv EAafe yia 2 cuvEXOHEVA £TN aAYWYR
HE {oAevOpoVIKO 0EU 5mg evbodAeBiwg

=  Enedn dev BeAtiwOnKe n ootk MUKvOTNTA, 3 LAVEC HETA
v deltepn €yxuon, EAaPe 2 e€apnviaiec 6ol Denosumab

=  AvUo MAVEG apyoTEPQ, HETA E€olywyn 0860VTOC MO povoiaoe

OOTEOVEKPWON TNC yvaOou

16ia mepintwolg



AwopopeTikeEC 0dnyiec Oeparmeioc ooteonopwon oo SLaPOPETIKEC ELOLKOTNTEC

Guideline Intervention Threshold Initial Treatment Duration
High Risk of Fracture Very High Risk of Fractureyj

AACE-ACE 20204 Tscoreof -2.5 or less atthe spine, Alendronate, denesurn ab, Abaloparatide, denosurmab, Oral bisphosphonates™ — treat for 5 yr, then con-
femoral neck tetal hip, or 33% risedronate, zoled ronatet; romescz umab, teriparatide, sider holiday if fracture risk is no longer high; if
radius; osteopenia (T score, ibandronate or raloxifene zoledronate]; alternate fracture risk remains high, continue treatment
-1.00te -2.49) and history of fra- are alternatives for spine therapy is alendronate and for up to an additional 5 yr; in patients at very
gility fracture of the hip or spine specific therapy only™ risedronate high risk, consider holiday after 6-10 yr of stable
osteopenia and high probability BMD; zoledronic acid® — consider holiday after
afkartira ae actirmatad with tha Lwr afhiah riel ar el Farirariel e an lanaar

Very high risk is variably defined but is often used to describe patients with a T score of less
than -3.0, spine or hip fracture and T score of —2.5 or less at the lumbar spine or hip, or
multiple spine or fragility fractures. Some guidelines include in this category patients who
have had a fracture within the previous 12 months, fracture occurring during therapy, fracture
while receiving drugs causing bone loss (e.g., long-term glucocorticoid therapy), high risk of
falling, and very high fracture probability according to FRAX scale (e.g., major osteoporosis
fracture >30%, hip fracture >4.5%, or age).

by DXA; osteopenia at the temo- rermain athigh racturerisk (e.g., T score ot

ral neck or total hip by DXA with -2.5 or less or recent fracture or both), consider
10-yr hip fracture risk 23%& or alternative treatm ent or continued treatm ent
MOF risk=20% by FRAX; csteo- with a bisphesphonate for=10yr (oral) or =6 yr
penia with fracture of prexirmal (annual IV zeledronic acid)™

hurm erus, pelvis, or distal fore
arm; individualized approach for
those with proximal humerus,

pebis, or distal forearm frac- Walker MD, N Engl J Med. 2023 Nov 23;389(21):1979-1991

tures without osteopenia




Risk of MOF

Intermediate risk
L

Low risk

|

Low risk

| Bisphosphonates |

i

Very high risk or high risk

}

_—

Preferably

I ,,
Teriparatide (2 years) or

[ romosozumab (1 year)

J

Reassessment of fracture
risk in 3-5 years (5 y=ars if

Low or
moderate
risk

Consider treatment break,
reassessment of fracture

risk every 2-4 years.

¥ After anabolic therapy,
Reassassment of transition to an antiresorptive

fracture risk after

OEPATEVTIKOC AAYOpPLOOC
‘ OTNV METEUUNVOTIOUGLAKN

| Bone density measurement by DXA |

OOTEOTIOPWON

Mot suitable for
these therapies

p.0. 3 yearsifiv) 5-10 years (e.g. intolerance)
High or very Low or High or very Age <60 years or <10 Age =60 years
high risk moderate high risk years postmenopausal;
risk low VTE risk
J1
Mo vasomotoric With vasomotoric
symptoms; high risk symptoms
of breast cancer
L W W ; l w
Continue therapy, Continue therapy, SERM (raloxifen, MHT (if hysterectomy: Consider (in order):
consider change of consider change of bazedoxifen) oestrogen; if uterus SERM, MHT or
therapy strategy therapy strategy intact: oestrogen and tibolon
¥ progesterone) or tibolon

In case of rapid bone loss
and/or high risk; consider

therapy reuptake

hlgh rlsk canslder re-entry to therapy

Reassessment phase
Transition phase

Foessl I, Nat Rev Endocrinol. 2023
Sep;19(9):520-533



Mepimtwon 1

Nfuvaika 65 etwv AapBavel amod S5etiag aywyn pe piledpovatn 35mg kat £xeL T-score o€ aPLOTEPO
Loxio -2,2 ka oto 02-04 -2,5. O tiuéEg tTnc BMD eival otaBepéc yua tnv teAevtaia 3etia. Asv €xeL
LOTOPLKO Kataypatoc, AQPnc KZ, oute deuteponaOolg ooteondpwaong, BMI 27. TL Oa mpémnel va
yivey

A. Na yivel drug holiday yia éva £€toc

B. Na 600l denosumab yia va BeAtiwBel n ootk mukvotnta Kat va HetwOel o kivéuvoc ON tn¢
yvabou Kol ATUTIOU KOTAYHOTOC TOU LoXiou

. Na 600¢i teputapatién oe €dadog anotvyiog twv AD
A. Na ouve)lotei n aywyn He puledpovatn yia aAAa 2 €Tn
E. Na yivel pua éveon {oAevépovikoU 5mg iv

2T. Na 60000V yLa dAAa 5 £€tn adevdpovarn yia ntepattépw BeAtiwon tng BMD



The NEW ENGLAND JOURNAL of MEDICINE

A 71-year-old postmenopausal woman presents to you, her
primary care physician, for follow-up. She received a diagnosis of

CLINICAL DECISIONS osteoporosis at the age of 66 after dual-energy x-ray
absorptiometry (DXA) for routine screening showed a T score of
Continuation of Bisphosphonate Therapy -2.7 at the femoral neck. She has just completed a 5-year course
for Osteoporosis beyond 5 Years of alendronate therapy and did not have any adverse effects.

Her repeat DXA scan showed mild improvement in bone mineral
density, with a T score of —2.6 at the femoral neck.

Option 1 Our patient does not appear to be at particularly high risk for atypical femur fracture since she
Recommend Continuation is not taking glucocorticoids, nor is she very lean (BMI <18.5) — both important risk factors for
of Bisphosphonate Therapy these fractures. Thus, the benefits from further reduction in fracture risk from continued
Richard Eastell, M.D. therapy for an additional 5 years are likely to outweigh the risks of atypical femur fracture in
her case.
Option 2
Recommend Discontinuation Although evidence remains insufficient to reliably predict fracture risk after discontinuation of
of Bisphosphonate Therapy, a molecule that is retained and recycled, perhaps for life, the risks of atypical femur fractures
with Regular Monitoring and osteonecrosis of the jaw along with the available data lead me to favor discontinuing
of Bone Mineral Density alendronate in this woman and then monitoring bone mineral density and markers of bone
Paul D. Miller, M.D., H.D.Sc. turnover to decide whether and when it should be restarted.

Chang LL, N Engl J Med. 2022 Apr 14;386(15):1467-1469



Mepintwon 1

Oa mPEMEL va Yivel agloAoynon Tou KvdUVoU KATAYHOTOC TNG

OUYKEKPLUEVNG aoBevoU g ano tov Bepamovta (KAWLIKA EKTipnon)



Mepintwon 2

Nuvaika 67 etwv Aappavel ano 7<tiog aywyn pe Denosumab kat €xeL T-score o€ apLoTtePO LOYio
-1,6. H aywyn apxltoe pe T-score -2,9. Agv £XEL LOTOPLKO Kataypotog, AnYng K2, oute
devuteponaOolg ooteondpwaong, BMI 27. Mépaocav 6 HAVEC amo tnv teAsutaia €veon.

TL Oa PEMEL va YIVEL;

A. Na yivel drug holiday yia éva £€to¢ kat emavektipnon thg BMD

B. Na ouvexilotei n aywyn pe denosumab

. Na 600¢ei aywyn pe piledpovartn yia aAAa 2 €tn

A. Na yivel pLa éveon {oAevépovikol 5mg iv

E. Na 600¢i yra dAAa 2 £€tn adevépovatn

2T. Na dwakomel n aywyn pe denosumab Ko va yivouv 0o TLKoL OELKTEG O€ 6 LAVEG

Z. Na 600¢i yia aAla 2 £tn paloidpévn



B. Dmab Treatment Osteoclast
Precursor

Denosumab

c Pre-fusion . . .
= - S o Denosumab Discontinuation
= i and the Rebound Phenomenon

Denosumab discontinuation abrogates the suppression
on the cells of osteoclastic lineage, leading to increased
osteoclastogenesis and subsequently increased

2 i i .
CiPmea: Discontintianon Osteoclast osteoblastogenesis.
P X . . . . .
rectrsor g’:te’;’j:;’:t Unmineralized bone is increased due to high bone
@ Multi-nucleated . . .
RANK .‘ Ostioclast remodeling rate while the number of osteopetrotic

empty lacunae remain unchanged.

Anastasilakis AD, Makras P, Yavropoulou MP, Tabacco G, Naciu AM,
Empty Palermo A. Denosumab Discontinuation and the Rebound Phenomenon: A
lacunae Narrative Review. J Clin Med. 2021 Jan 4;10(1):152.
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Bone et al. J Clin Endocrinol Metab 2011;96:972-80



“24 patients with rebound-associated vertebral fractures following
denosumab discontinuation”

Number of fractures per vertebra

8 = 4,7 kotaypata ava acOsvi

16 - = Meplocotepol oL aoBeveic o aywyn >2
14 étn

12

10 = OAa ta Kotaypota 8-16 AVES Ao tnv

teAevtaia éveon Denosumab

= 83% twv acOevwv dev eiyav AaPeL
T(PONYOUHEVN aywYH

[=] 38 L =2 @©

T T2 T3 T4 T5 Te T7 T8 T9 Ti0 Ti1 Ti2 L1 L2 L3 L4 L5

Koatavopun tTwv 6movSUALKWY KOTAY LATWV

Anastasilakis, AD, ) Bone Miner Res 2017;



®
LETTER TO THE EDITOR J-BMR

Underestimation of Vertebral Fractures After Enintwon omovOuAlkwv
Denosumab Discontinuation KOTOlY LATWV UETA TNV
Olivier Lamy and Elena Gonzalez-Rodriguez GlaKOT[I"] TOU denosumab

Center of Bone Diseases, Lausanne University Hospital (CHUV-DAL), Lausanne, Switzerland

= Cummings and colleagues: Denosumab discontinuation is followed by a rebound effect with an increase of CTX
above baseline values for 2 years and a decrease of BMD to baseline value after 1 year.(2) Spontaneous clinical
vertebral fractures, most often multiple, occur in the 8 to 16 months (median, 11.2 months) following the last
denosumab injection.(3) The risk of clinical vertebral fractures in the 12 months following the last denosumab
injection was evaluated at 7.3%. We think that the difference between the previously published data and the
actual study is because the duration of the follow-up was not sufficient to capture all the vertebral fractures.

= A follow-up of at least 16 months after the last denosumab injection is required, or 9 months after the 7 months
from the last dose according to the definition used by the authors. Thus, 25% to 33% of the vertebral fractures
were not captured for the 327 women who discontinued FREEDOM, and 66% to 75% of the vertebral fractures
were not captured for the 678 women who discontinued FREEDOM EXT. We can thus estimate with a follow-up
of 16 months after the last injection of denosumab, that the risk of vertebral fracture is close to 15%.

Lamy O, J Bone Miner Res. 2018 Mar;33(3):547



®
ORIGINAL ARTICLE JBMR

Fractures After Denosumab Discontinuation:
A Retrospective Study of 797 Cases

Peter Burckhardt," @ Mohamed Faouzi,? @ Thierry Buclin,> © and Olivier Lamy,’
and the Swiss Denosumab Study Group”

1Clinic Bois Cerf/Hirslanden, Lausanne, Switzerland
EUniversity Center for Primary Care and Public Health Biostatistics, Lausanne, Switzerland
*University Institute of Clinical Pharmacology, Lausanne, Switzerland

4University Hospital CHUV, Lausanne, Switzerland
Burckhardt P, ) Bone Miner Res. 2021 Sep;36(9):1717-1728

Elvai miBavo otL ta kataypota ano tnv dtakomn i kabuotépnon tnc AYPnc tov Denosumab

artoteAoUV TRV OUXVOTEPN ouyxpeovn attia avalntnong Latpekng ondsiac and acOsveic yio moAAanAd
OTOVOUALKA Kataypota




MULTIPLE REBOUND-ASSOCIATED VERTEBRAL FRACTURES AFTER DENOSUMARB DISCONTINUATION
IN RHEUMATOLOGY CLINIC

Gerasimos Evangelatos?!, George E Fragoulis?, Alexios lliopoulos!

1.Rheumatology Depariment, 417 Army Share Fund Hospital (NIMTS), Athens, Greece
2 First Department of Propaedeutic Intemal Medicine, Mational and Kapodistrian University of Athens, Athens, Greece

Background

Denosumab, a monoclonal antibody against
RANKL, is an effective treatment for
osteoporosis. Discontinuation of denosumab
has been shown to lead in multiple vertebral
fractures in some patients due to a severe
acceleration of bone resorption (rebound-
associated  veriebral  fractures-RAVFs).
Limited data published during the last 2 years
highlighted this issue.

Objectives

The aim of this case series is to describe
features of the denosumab-associated
RAVFs and the characteristics of these
patients.

Methods

Patients from our outpatient rheumatology
clinic who were diagnosed with recent
vertebral  fractures  after  denosumab
discontinuation from January 2019 fo
December 2019 were included. Diagnosis
was based on x-ray and/or magnetic
resonance imaging (MRI) of thoracic (T} or
lumbar (L) spine. All cases were the result of
reduced compliance of the patients to the
treatment regimen. A baseline x-ray
examination was available in all patients
included and was compared in order fo
exclude prevalent osteoporotic fractures.
Demographic and clinical parameters were
recorded.

References

Results

Nine patients (8 females) with a meanx3D
age of 71.3£11.9 years were included (Table
1). A total of 32 fractures occurred, affecting
median 4 (range 1-6) vertebras (Figure 1).
The mean+S50 duration of denosumab
treatment prior to discontinuation was
54.0+£30.1 months, while the meanx3D
time that RAVFs occumed after the last
denosumab injection was 8.8+2.4 (range 7-
12) months. The most commonly affected
vertebra was L3 (Table 1). Most patients
(66.7%) did not have any prevalent
osteoporotic fracture. Four patients (44.4%)
were receiving drugs that affected bone
metabolism  (mainly  corticosteroids  and
aromatase inhibitors). Only 33.3% of the
patients had a history of previous treatment
with bisphosphonates.

Conclusions

Denosumab-associated RAVFs usually occur
within 7-12 months after the last denosumab
injection and affect multiple vertebras. Most
cases are associated with long-term (=2
years) denosumab administration without
previous ftreatment with bisphosphonates.
Rheumatologists should be alert of this
complication since the reported compliance in
patients under denosumab treatment is only
46% (1) and the expected incidence of
RAVFs after denosumab discontinuation has
been reported to be 10% (2).

1.Durden E, Pinto L, Lopez-Gonzalez L, Juneauw P, Barmon R. Two-year persistence and compliance with ostecporosis therapies among
postmenopausal women in a commersially imsured population in the Uinited States. Arch Osteoporos. 2017 Dec;12(1)22
2 MeClung MR, Wagman RB, Miller PD, Wang A, Lewiecki EM. Observations following discontinuation of long-term denosumab therapy.

Osteoporos Int. 2017 May:28(5):1723-1732.

Females (%) 88.9%

Age (years) (meanzSD) 7135119

Affected vertebras 4,1-6
(median, range)

Treatment duration 54.0£301

(mean+SD) (months)

Time after last injection §.812.4

(meantSD) (months)

Vertebral fracture site
T10

T11

T12

L1

L2

L3

L4

L5

Ll oot R W =

]

Patients with prevalent
osteoporotic fractures (%)

,E

Patients receiving drugs
affecting bone metabolism
(%)

Patients with previous 33.3
treatment with
bisphosphonates (%)

Table 1. Characteristics of RAVFs and
patients affected. L: Lumbar, T Thoracic,
SD: Standard Deviation

Copyight © 230 Aufhor Names and Coniact Detals

SAT0464

Figure 1. Multiple vertebral fractures (yellow
ammows - T11, T12, L2-L3) in a patient 7.5
months after the last denosumab injection.
T: thoracic, L: Lumbar
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‘Exel KAwiKA onpoaocia n dtapkela tnc aywync pe Denosumab

10
_ - I - 6 injections

] <86 injections
1.0% 1.26%

04— I |
| L -2.56% H aoBeviig pog €xet AdBet

14 660e1¢ denosumab

% change

104 7.0%

T T
LS-BMD FN-BMD

Percentage changes in bone mineral density after 12 months Makras P, J Clin Endocrinol Metab. 2021 May 12:dgab321



Katayuota ano kabuvotépnon 66onc Denosumab

" Ma@oAoyog 57 stwv pe dtayvwon Aykulomontikig ZrnovéuAitidag (AZ) oe
nAia 32 eTwv o€ eyKUpooL VN

= HLA-B27+, TKE 20mm, CRP 7mg/L (¢.t. <5)

= Anto SLpRvou enipovn paxtadyia, pEtpla anavinon o MZAQ

" Mpoodatn MRI LepoAayoviwv pe EAAXLOTO OOTLKO OLONMA OTLC LEPOAOYOVLEG
opOpwoeLg

" Mlpooép)xetal yia SeUTEPN YVWIN AOYW cuotaong yla Evopén aywyng e
BLoAoyLlKoUG TOLPAYOVTEG

= Kataypata 09, 011, 012 otnv MRI pe ootiko oibnua, kataypa 03 otnv a/a
= Avédepe aywyn He denosumab armo 3etiag kat kaBuotépnon otnv AP n tov

KOtd 3 LHVEG

16ia nepintworg



Katayuota ano dtakonn n kabuotépnon doon¢
Denosumab

20luyoc dtevuBuvti NaBoAoyikAg KAWLIKAG NAKiag 64 eTwv
nopovoiace évtovn oopualyia n onoia OcwprnONKe LNXAVIKAC ApXAS
Kol aVTLHETWRioOnke pe MZAD kot avaAyntika He pikpn BeAtiwon.
Tpelg eBdopadec apyotepa NOPOVGLOLGE UTOTPOTI TOU AAYOUC OTIOTE
urtoBARNOnke oe MRI OM2Z. Me ta eupipata tng MRI
niiBavoAoynOnke umtokeipevo KakonOeg voonua, otAAQ 0 EKTEVIG
EPYAOTNPLAKOG EAEYXOC RTAV APVNTIKOC. Eva piva apyotepa T€OnKe
n S1ayvwon tTwv moAAAMAWY 0CTEOTIOPWTLKWV KATAYHATWV AGYW

kaBuotépnong tng 86on¢ tov denosumab kata 1,5 puiva.

16ia nepintworg



Fracture risk and management of
discontinuation of denosumab
therapy: a systematic review and

position statement by ECTS

Avoid vertebroplasty and/or monotherapy with
teriparatide

Prompt re-initiation of denosumab

VFx occuring within 1-2 years after
denosumab discontinuation

or

Treat with i.v. zoledronate or oral BPs

or

Consider combination of denosumab and
teriparatide for 2 years followed by zoledronate

Tsourdi E, J Clin Endocrinol Metab. 2020 Oct 26:dgaa756




Ox kupomnAaotiki o€ kataypota ano dtakonn Denosumab

Nuvaika nAwiog 72 stwv
SLEkoP e po 2€tiag tnv
aywyn He denosumab kot
UTtéotn 3 onovOUALKA
KOLTALY LOLTAL TTOU
OLVTLULETWTITLOTNKOLV LLE
KuPOomAaoTIKN. ZTh
OUVEXELA UTTEOTN AAAEG 3
dopéc anod 3 onovSuAka
KOLTAyLoLTa, TTou
avtipetwni{évrovoav KAOe
dopa pe kKuponAaoTiki.
Meta 12 kataypata €yve 1
g€veon denosumab.

16ia mepintwolg




Elvat mBavo ot ta avtopota moAAonAd
omovOUALKA Kataypota yivovtal dStadoyika
o€ duaotnua eBdopadwv R oAlywv pnvwv

Magnetic resonance imaging of the spine (Panel A) and X-rays
(Panel B) depicting the fracture at T11 in Patient 1. X-Rays
showing the new fracture at L3 in Patient 1 (Panel C).
Computed Tomography of the spine showing the multiple
vertebral fractures in patient 2 (Panel D). X-rays depicting the
first time point fracture at L1 (Panel E) and the additional
fractures at L2, L3, L4, and L5 at the second time point in
patient 3 (Panel F).

Anastasilakis AD, Evangelatos G, Makras P, lliopoulos A. Rebound-associated vertebral
fractures may occur in sequential time points following denosumab discontinuation: need
for prompt treatment re-initiation. Bone Rep. 2020 Apr 22;12:100267




H pakpoxpovia aywyn pe Denosumab enionc mpokaAeil Atuma KATAyLota
TOU MNPLOLOVU KOlL OCTEOVEKPWON TN Yvabou

- [ Virtval twin? M Long-term
6 4000 - Rate ratio®: 0.56
§ 3l§0 Rate ratio®: 0.53
g =005 Rate ratio®: 0.57 29—-24 ’ ’ 4
s R YnoAoyileta otL o€ 10t
£ 3000 - , .
£ ouvexn xopnnynon Denosumab
8 1 Rate ratio®: 0.48
g 2007 T : 0a mpoAndOouv 40
g i ’ 14
g 2000 4 l OOTEOTIOPWTLKA KOTAYHOTA, YLOL
=2 1525 1528
£ 1500 4 TNV rTOavotTNTA HLOLG
'% 901 ’ ’
Z 1000 NMEPLMTWONC OCTEOVEKPWONG TNG
;} 1 4
T So0- yvaBou
2
é- 5 35
M ¢ Clinical Major Osteoporotic Vertebral Nonvertebral AFF ONJ
N =2343 N = 2343 N=2116 N = 2343 N = 2343 N = 2343

Fracture Site Skeletal AE

Fractures Prevented by 1403 1174 978 1396

Denosumab Treatment:

Ferrari S, Bone. 2020 May;134:115287
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PwWedpovatn peta denosumab

journal homepage: www.elsevier.com/locate/bonr

= Eighteen female patients, aged 69.8 years (56—79), were followed. All
patients were prescribed 35 mg of risedronate per week for 3 months,

Effect of risedronate on bone loss at discontinuation of denosumab

Michel Laroche®"*, Guillaume Couture®®, Adeline Ruyssen-Witrand™ ® Arnaud Constantin®®

Yannick Degboé™" starting when the next denosumab injection would have been
administered. We measured BMD at denosumab initiation (T0),
Variation in spine BMD denosumab withdrawal (T1), and nine months after the
20 - S * discontinuation of risedronate (1 year post-denosumab: T2).
— | |

= Results: 1 year after denosumab discontinuation, the mean bone loss

10 at the spine was — 4.6 + 5.2% for the total population, -0.3 + 2.3% in

E |l‘ I_[I ’ll patients with prior exposure to bisphosphonates, -6.3 £+ 5.7% in
s 0 patients with prior exposure to teriparatide, and - 7.6 £ 3.5% in naive
8 IT' patients. Spine BMD loss after the risedronate bridging therapy (T2 vs.
o 10- T1) was significantly lower in patients who experienced prior exposure
Post Bact _ to bis?hosphc.)nate.s, whe.n corrfpared to naive patients (p = .0190) and
5 [?en?su.ma.b . Risedrclnna:[e - o .a . to patients with prior teriparatide exposure (p =.0176).
Q;? 4°<§ ,-\.;?quz L qb\ = Conclusions: Three months of risedronate treatment does not prevent
V\ Q ‘\\\ < Q 9‘2\0‘{\ bone loss in patients who have not been treated with
Q*\o qu\o qu\o bisphosphonates before denosumab

Global: after denosumab + risedronate sequence Laroche M, Bone Rep. 2020 Jun 25;13:100290



Osteoporos Int (2012) 23:317-326
DOI 10.1007/s00198-011-1780-1

ORIGINAL ARTICLE

AAevdpovatn peta

Final results of the DAPS (Denosumab Adherence Preference Desonumab
Satisfaction) study: a 24-month, randomized, crossover
comparison with alendronate in postmenopausal women

=  AUO opadeg 126 ka 124 acBevwv tov EAaBav to mpwto £1o¢ aAevdpovatn | denosumab kot
to 6gUTEPO £T0¢ AAAEav TNV aywyn aviicTolyo

" H péon petaBoln tng BMD ano tnv Evapén Tou SEUTEPOU ETOUC £WC TO TEAOC TNEG LEAETNG YLOL
v opada denosumab/aAevépovatn Rtav OMZZ 0.6% (n=82), oAk Loxio 0.4% (n=92) kat

oxEvag tou punptaiov -0.1% (n=92)

= H petapBoAn twv emunedwv tou CTX-1 armnd tn Evapén, oTo TEAOG MPWTOU ETOUC KOl 0TO TEAOC

NG HEAETNG yLa TRV opada denosumab/aAevdpovatn tav 0.465 ng/mL (n=75), 0.139 ng/mL
(n=108), kat 0.223 ng/mL (n=92)

Freemantle N, Osteoporos Int. 2012;23(1):317-26



Bone Mineral Density After Transitioning From Denosumab to Alendronate

Table 2. Participant Characteristics at Study Baseline

Denosumab/Alendronate Sequence

Denosumab Year 1 (N = 126) Alendronate Year 2 (N = 115)

Race/ethnicity—white, n (%) 115 (91) 107 (83)
Age, mean (SD), years 65.1(7.6) 65.1(7.4)
Years since menopause, mean (SD) 18.2(11.4) 17.9(10.9)
BMD T-score at the start of each year, mean (SD)

Lumbar spine —2.04(1.18) —-1.61(1.29)

Total hip -1.60(0.74) -1.38 (0.74)

Fernoral neck -2.01 (0.55) —1.84 (0.6)
Prior osteoporotic fracture, n (%) 47 (37.3) 41 (35.7)

N = number of participants randomized (year 1) or crossed over (year 2); n = number of participants with the characteristic of interest.
Abbreviations: BMD, bone mineral density SD, standard deviation.

Lumbar Spine Total Hip Femoral Neck
87 —e— DMAD (n=93) 87 —e— DMAD(n=109) 87 —e— DMAD (n = 109)
71 —-e—- ALN(n=281) } 71 —-e—- ALN(n=92) 74 —-e—- ALN (n=192)

-l-.—-.._._,__r{

BMD Percentage
Change From Baseline

12
Month Month Month

Kendler D, J Clin Endocrinol Metab. 2020;105(3):e255-64



ORIGINAL ARTICLE J-BME

Zoledronate for the Prevention of Bone Loss in Women

Efficacy of zoledronate to prevent this bone loss in women with

Discontinuing Denosumab Treatment. A Prospective postmenopausal osteoporosis who were treated with denosumab
2-Year Clinical Trial (mean duration 2.2 years) and discontinued treatment after
Athanasios D Anastasilakis,' @ Socrates E Papapoulos,> @ Stergios A Polyzos,? achieving osteopenia. Women were randomized to receive a single

Natasha M Appelman-Dijkstra,? and Polyzois Makras* . . .
5-mg infusion of zoledronate (ZOL) (n = 27) or two additional 60-mg

injections of denosumab (Dmab) (n = 30). Both groups were
followed for a total period of 24 months. At 24 months lumbar
spine—bone mineral density (LS-BMD) was not different from
baseline in the ZOL group, but decreased in the Dmab group by
(mean SD) 4.82% 0.7% (p < 0.001) from the 12-month value; the
difference in BMD changes between the two groups, the primary

L]
1
1 0L
i A
1

ol

12
mo s endpoint of the study, was statistically significant (p = 0.025). In the

Dmab group, three patients sustained vertebral fractures (two
patients multiple clinical, one patient morphometric) whereas one

D
E
N
0]
S
U
M
A
B

12 24
mo mo

patient in the ZOL group sustained clinical vertebral fractures 12

P=—ZMUOM- WO

—ZmE-HAr>rmMa -+

months after the infusion. In conclusion, a single intravenous
infusion of ZOL given 6 months after the last Dmab injection
prevents bone loss for at least 2 years independently of the rate of

1)

bone turnover. Follow-up is recommended, because in a few
patients ZOL treatment might not have the expected effect at 2

Anastasilakis AD, J Bone Miner Res. 2019 Dec;34(12):2220-2228 years.



Bone loss after denosumab discontinuation is prevented by alendronate
and zoledronic acid but not risedronate

LS BMD

FN BMD

TH BMD

Absolute change (g!cmzj

Absolute change (glcm?)

Absolute change (glcmz)

-0.02+

No treatment

0.024

0.00+4

0.08~

0.06+

0.04+

Absolute change (glcm’) Absolute change (glcmz)

Absolute change (glcm?)

0.08+

0.06

0.04+

0.02+

0.00+4

-0.02-

Risedronate

Absolute change (glcm?)

Absolute change (g/cm?)

Absolute change (glcm’)

-0.02+

Alendronate

0.08+

0.06+

0.04+

0.02+

0.00+

Absolute change (g/cm?) Absolute change (g/cm?)

Absolute change (glcmz)

Zoledronic acid

Absolute change (meantSEM) in LS, FN, and
TH BMD during denosumab treatment and
after receiving no subsequent therapy or
received subsequent treatment with
risedronate, alendronate, or zoledronic
acid. DXA1 (baseline), BMD at the time of
Dmab initiation; DXA2-DXA1, BMD gained
during Dmab treatment; DXA3- DXA1, BMD
after Dmab discontinuation (tsubsequent
therapy) when compared to DXA1
(baseline)

Tutaworn T, Osteoporos Int. 2023 Mar;34(3):573-584



Tepumapoatidn kot Denosumab o€ cuvduaopno Kat dLadoyika

Lumbar spine Switch
20~
~@- Teniparatide— denosumab *
-~ Denosurmab teriparatide
—a— Combinati

154

Leder BZ, Lancet 2015; 386: 1147-1155



Importance of prompt antiresorptive therapy in postmenopausal women
discontinuing teriparatide or denosumab: The Denosumab and Teriparatide
Follow-up study (DATA-Follow-up)

DATA DATA-Switch DATA-Follow-up
24 months 24 months I 12-23 months I
-
Teriparatide :::) Denosumab ":"> No Treatment g
Denosumab :> Teriparatide ||:.> VS E
>
Combination }:{} Denosumab :::) Treatment
randomized non-randomized

H BMD otov auxéva Tou pnpLaiov HELWONKE MEPLOCOTEPO 0 auToUG nov dtEkoPav to denosumab (-5.8
+4.0%), ano ekeivou¢ mov dtEkoPav tnv tepurapoatidn (-0.8 £2.6%, P=0.008). H BMD oAwkoU oxiov eniong
HEWWONKE MepLooOTEPO o€ avTtoUC tovu dtEkoPav to denosumab (-5.6 £2.5%) amnod ekeivoucg tovu ditEkoav tnv
teputapatidn (-2.1 +4.5%, P=0.03). Ze avtiBeon ot petafoAn tng BMD octnv OM2Z Atav napopola petoy
outwv rtov StékoPav to denosumab (-10.2 £4.7%) kot ekeivwv tou StékoPav tnv tepunapatidn (-9.5 £7.8%,
P=NS).

Leder BZ, Bone. 2017 May;98:54-58
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Reports and Recommendations

Fracture Risk and Management of
Discontinuation of Denosumab Therapy:
A Systematic Review and Position Statement

by ECTS
Elena Tsourdi,> M. Carola Zillikens,® Christian  Meier*
Jean-Jacques Body,® Elena Gonzalez Rodriguez,®

Athanasios D. Anastasilakis,’” Bo Abrahamsen,®>' Eugene McCloskey,"
LorenzC.Hofbauer,"*'? Nuria Guaiiabens, " Barbara Obermayer-Pietsch,’*"®
Stuart H. Ralston,'® Richard Eastell,"” Jessica Pepe,'® Andrea Palermo,'

and Bente Langdahl?®

1.

Young patient with low risk of
fracture

Denosumab treatment is generally not
recommended

2.

Denosumab treatment for short
duration [i.e. up to 2.5 years] and
low fracture risk

Denosumab treatment for long
duration [i.e. more than 2.5

years] and/ or high fracture risk

0dényiec drakomnc tov denosumab

Tsourdi E, J Clin Endocrinol Metab. 2020 Oct 26:dgaa756

Switch to oral BPs for 12-24 months or
administer zoledronate for 1-2 vyears
depending on re-evaluation of BTMs and BMD

Continue denosumab for up to 10 years
[Individualized decision after that timepoint]

Switch to zoledronate:

Begin 6 months after last denosumab injection
and measure BTMs 3 and 6 months later.
Consider repeated infusion of zoledronate in
case of persistently increased BTMs

In case BTMs are not available administer
zoledronate 6 and 12 months after last
denosumab injection

If zoledronate is not an option due to availability,
patient preference or intolerance: treat with oral
BPs for 12-24 months depending on re-
evaluation of BTMs and EMD




Mepintwon 2

Nuvaika 67 etwv Aappavel ano 7stiag aywyn pe Denosumab kaw £xeL T-score o€ apLoTeEPO LOYXiO
-1,6. H aywyn apxtoe pe T-score -2,9. Aev £XeL LOTOPLKO Katayportog, AnPnc KZ, oute
devuteponaOolc ooteondpwaong, BMI 27. MNépaocav 6 HAVEC amo tnv teAsvtaia €veon.

TL O mMpEMEL va YiVEL;

A. Na yivel drug holiday yLa éva £€to¢ kot enavektipnon tng BMD
B. Na cuvexilotei n aywyn pe denosumab

I. Na 600¢ei aywyn pe piledpovartn yia aAAa 2 €tn

A. Na yivel pua €veon {oAevépovikol 5mg iv

E. Na 600¢i yra dAAa 2 £€tn adevépovartn

2T. Na dwakomel n aywyn pe denosumab Kot va yivouv 0o TLKoi OELKTEG O€ 6 LAVEG



Mepintwon 3

Ffuvaika 65 eTwv xwpic kataypata, AapBavel anod 4 etiag aywyn pe pledpovatn 35mg kot £xet T-
score o€ aploTEPO oxio -2,5 kat oto 02-04 -2,6. OL TLEG TG BMD eival ota@epég tnv teAsvutaia
3etia. EAeUOEPO OLKOYEVELAKO KOl ATOMLKO LOTOPLKO. ATO 4 prjvou avadEpet paxtaAyia, kat n o/a
Oeixvel 2 onovOUALKA Kataypata. Mowa pEmeL va €ivat n avTHETWLON TG acBevoUc;

A. Na ouve)ioeL Tnv idla aywyn yia aAAo £va Xpovo, Wote vol cunAnpwoel Setia RIS
B. Na yivelr aAAayn o€ aAevépovatn yla 5 emunmA€ov £€1n

. Na xopnynOei denosumab

A. Na xopnynOei teputapatién yia 2 xpovia

E. Na xopnynO&ei romosozumab ywa éva xpovo

2T. Na yivelr 1 €éyxuon {oAevdpovikoU 5mg iv

Z. Na xopnynOei avapBoAwkn Oepamneia ko ev ouvexeia denosumab 1 Sipwodovika



Movu pmopei va opeiletal n epdavion KOTAYRATWYV ;

* Mn ocuppopdwon tov acBevn 6To OEPATEVTIKO OXNHA
" Anotu)ia OepameuTIKAG OLYWYAC

= Avantuén unokeipevne no@oAoyiog mov MPoKAAECSE avéNorn TOU KATAYHATIKOU
KivdUvou

* AQPn aywyng ano totpo AAANG EL8LKOTNTOC TOU OXETL(ETOL LLE KOTAYHOTLKO
kivoéuvo



Osteoporas Int (20000 21:145-155
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ORIGINAL ARTICLE

Adherence to monthly and weekly oral bisphosphonates
in women with osteoporosis

F-E. Cotté + P. Fardellone - F. Mercier - A.-F. Gaudin - zu I'luépd)worl Kal Ki_va Uvoq Katdv "la'toq

C. Roux

100% = Monthly ibandronate
Q0% —— Woeekly bisphosphonates
El=h 1,.1 -
80% 16% reduction in
—_ t
T 700] % 10+ fracture rate
]
w B0%- 0 e
E 47.5/) T 09 -
0 50%- £
3 ¥
W 40% o 08-
f =
A 30%- E
o 30.4% £ o7
10% - 06
0o Low-compliance patients High-compliance patients
0 w80 0120 . 150180 210 240 270 300 330 360 High compliance = drug available to cover >80% of time
Time of follow-up (days) tp<0.005 vs low compliance patients

Caro JJ, et al. Osteoporos Int (2004) 15: 1003-1008



MeTA TNV GUUITANPWON EVOC £TOUC AYWYNC WC amotu)io Oswpettot:

" H epdavion 6U0 TOUAAXLOTOV VEWV OCTEOTIOPWTLKWY KOTOYLATWV
n
= EVOC VEOU OCTEOTIOPWTLKOU KOTAYULOTOC, HE TOUTOXPOVN Heiwaon the BMD
TouAaxiotov 5% otnv OMZZ i 4% oto wo)io,
n
= EVOG VEOU KOTAYLOTOC HLE TOLUTOXPOVH CNMOVTLIKNA LELWON TNG OCTLKAC TTUKVOTNTOG

N TOWTOXPOVN N MTWOoN TWV OCTIKWV BLOXNIUKWV SELKTWV QIO TNV APXLKN TOUC
T

International Osteoporosis Foundation IOF Diez-Perez et al Osteoporosis Int 2012
AwayvwoTtika ko Oepanevtikd MpwtokoAAa Octeondpwong Yrnoupyeio Yyeiag 2024



Emdoyn Bepamneioc avaloya tov Kivduvo KAaTAYHATOG

AACE kot to IOF mpoteivouv tnv Katnyoplomoinon tTwv aoBevwyv o€ xapunAo, uPnAo i moAl vPnAo Kivduvo KaTdypatog

AACE/ACE 2020 POSTMENOPAUSAL OSTEOPOROSIS TREATMENT ALGORITHM

Lumbar spine or femoral neck or total hip T-score of < -2.5, a history of fragility fracture, or high FRAX® fracture probability*

Evaluate for causes of secondary osteoporosis

Correct calcium/vitamin D deficiency and address causes of secondary osteoporosis

+ Recommend pharmacologic therapy
« Education on lifestyle measures, fall prevention, benefits and risks of medications

High risk/no prior fractures**

+ Alendronate, denosumab, risedronate, zoledronate***

+ Alternate therapy: Ibandronate, raloxifene

Reassess yearly for response to therapy and fracture risk

Increasing or stable BMD and
no fractures

Consider a drug holiday after 5
years of oral and 3 years of IV
bisphosphonate therapy

Resume therapy when a fracture
occurs, BMD declines beyond
LSC, BTM's rise to pretreatment
values or patient meets initial
treatment criteria

ABBREVIATIONS GUIDE
BMD - bone mineral density

LSC - least significant change
BTM - bone turnover marker

COPYRIGHT

Progression of bone loss or
recurrent fractures

* Assess compliance
Re-evaluate for causes of
secondary osteoporosis and
factors leading to suboptimal
response to therapy

* Switch to injectable
antiresorptive if on oral agent

* Switch to abaloparatide,
romosozumab, or teriparatide
if on injectable antiresorptive
or at very high risk of fracture
Factors leading to suboptimal

response

Very high risk/prior fractures**

+ Abaloparatide, denosumab, romosozumab, teriparatide, zoledronate***
* Alternate therapy: Alendronate, risedronate

Reassess yearly for response to therapy and fracture risk

Abaloparatide or
teriparatide for up to
2 years

Romosozumab

Denosumab for 1 year

Zoledronate

Continue therapy Sequential
until the patient therapy

Is no longer with oral or
high risk and injectable
antiresorptive

«1f stable, continue
therapy for 6 years****

«If progression of bone
loss or recurrent
fractures, consider
switching to abalopa-
ratide, teriparatide or

Sequential therapy
with oral or injectable
antiresorptive agent

Ensure transition
with another agent
antiresorptive

agent. romosozumab

* 10 year major osteoporotic fracture risk = 20% or hip fracture risk = 3%. Non-US countries/
regions may have different thresholds.
o Indicators of very high fracture risk in patients with low bone density would include
advanced age, frailty, glucocorticoids, very low T scores, or increased fall risk.
./"~ \

***  Medications are listed alphabetically. 3
****  Consider a drug holiday after 6 years of IV zoledronate. V7 A
During the holiday, an anabolic agent or a weaker antiresorptive
such as raloxifene could be used. b

2020 AACE. MAY NOT BE REPRODUCED IN ANY FORM WITHOUT EXPRESS WRITTEN PERMISSION FROM AACE

/
B

Optimize calcium and
vitamin D status

-
Optimize calcium and
vitamin D status
[~
\ 4
&
Risk appropriate
exercise
L

\

a_— O

Risk appropriate
exercise and falls
prevention

Very high risk

G =)
Optimize calcium and
vitamin D status

v

Risk appropriate
exercise and falls

prevention

Consider anabolic
agent followed by

inhibitor of bone
resorption®. Consider
LOEP

Camacho PM et al. AACE Clinical Practice Guidelines for the Diagnosis and Treatment of Postmenopausal Osteoporosis - 2020 Update. Endocr Pract 2020;26(Suppl 1):1-46

Kanis JA et al. Algorithm for the management of patients at low, high and very high risk of osteoporotic fractures. Osteoporos Int 2020;31:1-12



AMERICAN ASSOCIATION OF CLINICAL ENDOCRINOLOGISTS/ AMERICAN COLLEGE
OF ENDOCRINOLOGY CLINICAL PRACTICE GUIDELINES FOR THE DIAGNOSIS AND
TREATMENT OF POSTMENOPAUSAL OSTEOPOROSIS— 2020 UPDATE

Camacho PM et al. Endocr Pract 2020;26(Suppl 1):1-46

Very high risk patients

" Fracture within the past 12 months

Multiple fractures have previously occurred

Fracture has occurred during osteoporosis therapy

Fracture has occurred owing to medication

Very low T-score (less than -3.0)

FRAX risk (calculated 10-year ) > 30% for MOF >4.5% at the hip



Emdoyn Bepamneiac avaloya tov KivOuvo KAaTAYHATOC

2e aoOeveic pe mMoAU VYPNAO Kivouvo KATAYHOTOC GUVLOTATOL
avo oAk Oepaneia

Very high risk

Camacho PM et al. AACE Clinical Practice Guidelines for the Diagnosis and Treatment of Postmenopausal Osteoporosis - 2020 Update. Endocr Pract 2020;26(Suppl 1):1-46
Kanis JA et al. Algorithm for the management of patients at low, high and very high risk of osteoporotic fractures. Osteoporos Int 2020;31:1-12



OOTEOMOPWON

OEPATEVTIKOC AAYOpLOOC OTNV
METEUUNVOTIOUGLAKNA

Risk of MOF
I | I
Low risk Intermediate risk High risk Very high risk
L T 2 :
vy \
| Bone density measurement by DXA
G- Very high risk or high isk
I I Preferably
w

| Bisphosphonates | Teriparatide (2 years) or

[ [ [ romosozumab (1 year)
) ¥ After anabolic therapy.
Reassessment Reassessment of fracture Reassessment of J|  transition to an antiresorptive

every 2-4 years risk in 3-5 years (5 y=ars if

fracture risk after

Mot suitable for
these therapies

p.0. 3 yearsifiv) 5-10 years (e.g. intolerance)
Low or High or very Low or High or very Age <60 years or <10 Age =60 years
moderate high risk moderate high risk years postmenopausal;
risk risk low VTE risk
J1
Mo vasomotoric With vasomotoric
symptoms; high risk symptoms
of breast cancer
L W W ; l w
Consider treatment break,  Continue therapy, Continue therapy, SERM (raloxifen, MHT (if hysterectomy: Consider (in order):
reassessment of fracture consider change of consider change of bazedoxifen) oastrogen; if uterus SERM, MHT or
risk every 2-4 years. therapy strategy therapy strategy intact: oestrogen and tibolon
In case of rapid bone loss ¥ progesterone) or tibolon
and/or high risk; consider Consider bisphosphonates with a
therapy reuptake subsequent therapy break; reassess fracture Reassessment phase

risk every 1-3 years. In case of bone loss or
*high risk’, consider re-entry to therapy

Transition phase

Foessl I, Nat Rev Endocrinol. 2023
Sep;19(9):520-533



AvoBoAKEC Oepamelec

Tepumapatidn
e Aldpkela aywyneg 24 punveg (kabnuepvry utodopLa xopniynon )

Romosozumab
e Aldpketa aywyneg 12 punvec (6vo umtodopleg eveoelg 105 mg )



OEPOATTEVUTLKEC

Evdeielc

Teputapatidn

@eparneio 00TEOIOPWONG OF
LETEUNVOTIOUOLOLKEC YUVOLIKEG KOl AVTPEC
e avénuévo kivbuvo yla kataypa

@eparneio 00TEOIOPWONC ATIO
YAUKOKOPTLKOELS O€ YUVOLKEC KOl AVTPEG

Romosozoumab

Oeparneio 00TEOMOPWONC OE
LETEUNVOTIOUOLAKEC YUVALIKEC e LYPNAO
KivOuvo KaTAyUaTog

Avtevdeilelc

Kunon kat OnAaopog

MpoUndpyovoa untepacBeotiatpia
YoBapn vedpLkn avemApKELD

AM\eC petafoAkeC MABNOELC TWV 0OOTWV

(mephapBavougvou tou unepriapabupeoeldLopoU Kal TG
vooou Paget twv ootwv)

Mn-epUNVEVCLUEC AUENOELS TWV TLULWV TNE AAKOALKAC
dwodataong
AcBeveic pe kakonBelec okeAETOU 1] OOTIKEG LETALOTAOELC

* YnoaoBeotlatpia

* loToplkd epdpAypaTOC TOU puoKapdiou A ayyelokou
gykedpaAikol emneloodiov




AvoBoAkn Oepaneia vs Atpwodovikwv

Teriparatide and romosozumab reduce fracture risk
better than do oral bisphosphonates

10 ARCH Trial
Vertebral fracture
. Risk ratio 0.63
ﬁ P=0.003
w5
=
@
E 4.0
82/2046
0

Alendronate Romosozumab

VERO Study
Vertebral fracture Clinical fracture
FRL LT 12 -
Dt RRRS56% | g Hazard ratio 0.48
P=0.001 3 P=0.0009
10 1 S 10 -
8
—~ 87 RRR48% g 8-
é P=0.029 = Risedronate
2 . o g .
5 ®
= 555 >
o 4 % 4 4
E
27 a 21 Teriparatide
0 0
12 24 0 12 24
Month month

Kendler DL et al. Lancet 2018; 391: 230-40

First Nonvertebral Fracture in Time-to-Event Analysis

205 At12 months P=0.04
Non-vert fracture: RRR 26% p = 0.06 '
Clinical fracture: RRR 28% (95%: CIl 4,46)

15+ Alendronate—
alendronate

10—+ R
Alendronate L= o Rﬂrl.'lnﬁl::u malk—
5 At study end, hip fracture
anuiul;iusmkanrdu‘:Ed by 33%
0 T T T T T T T |

0 ] 12 18 24 30 i6 42 48
Month

Cumulative incidence (%)

Saag K et al. N Engl J Med 2017 1417-27




Osteoporosis Treatment Sequence : 4 Year
Sequential Treatment with Teriparatide
and Denosumab (DATA -Switch )

Greater BMD gains when an anabolic agent is
used first followed by a potent antiresorptive
agent, as compared to when an anabolic is used
second line after therapy with an antiresorptive

Combination Teriparatide +Denosumab for 2 years followed by Denosumab for 2 years
Red: Denosumab for 2 years followed by Teriparatide for 2 years
Blue: Teriparatide for 2 years followed by Denosumab for 2 years

Leder BZ et al. Lancet 2015, 386:1147-55

Change (%)

Change (%)

20

15

=
o
|

10 5

Lumbar spine

Switch

~@- Teriparatide—denosumab v
~B- Denosumab—teriparatide
4~ Combination—denosumab

Femoral neck

|
24
Months

48



Romosozumab Followed by Antiresorptive Treatment Increases the
Probability of Achieving Bone Mineral Density Treatment Goals

o o o
I o @
] ] ]

Probability of Achieving T-score > -2.5

o
[N}
]

0.0 H

Treatment [a]

ALN (N=735)

Romo/Dmab (N=2837)
Romo/ALN (N=748)

—1.0

—0.8

—0.6

0.4

—0.2

-4.0

-3.5

Baseline Total Hip T-score

B
Treatment [b]
1.0 Romo/Dmab (N=2791) 1.0
Romo/ALN (N=730)
ALN (N=719)
w
o 08 0.8
A
o
Q
@
-
o 0.6 — — 0.6
E
>
2
=
Q
<
=]
2 04 L 0.4
=
1]
]
=
o
0.2 — — 0.2
0.0 — 0.0
I T T T
-4.0 -3.5 -3.0 -2.5

Baseline Lumbar Spine T-score

Felicia Cosman BMR® Plus (WOA), Vol. 5, No. 11, November 2021, e10546.
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Romosozumab followed by denosumab in Japanese women with high
fracture risk in the FRAME trial
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®m Placebo/denosumab 60 mg Q6M

9 ® Romosozumab 210 mg QM/denosumab 60 mg Q6M
8
RRR = B4% RRR = B4% FRR = B4%
3 ; P=0.056 P=0.056 P=0.056
8 ] ]
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Osteoporosis Therapies -Bone Mineral Density

Lumbar Spine

ROMO to DMab TPTD to DMab

ROMO to ALN

ABALO to ALN

12 18 24 30 36 42

Months

TPTD = teriparatide; ABALO = abaloparatide; ROMO = romosozumab;
DMab = denosumab; ALN = alendronate

Mean Percentage Change from Baseline

Total Hip

w—  1PTD
= ABALO

ROMO to DMab

ABALO to ALN

TPTD to DMab

Months
TPTD = teriparatide; ABALO = abaloparatide; ROMO = romosozumab;
DMab = denosumab; ALN = alendronate

Michael R. McClung, MD, FACP, FACE, FASBMR IOF BoneCast Webinar April 26, 2022



Mepintwon 3

Nfuvaika 65 etwv AapBavel ano 4 etiag aywyn pe puledpovatn 35mg ko €xeL T-score o€ aApLOTEPO LOYiO -
2,0 kaL oto 02-04 -2,6. OL TLuEG TG BMD eival otaBepeg tnv teAsutaia 3etia. EAeUOgpO oLKOYEVELAKO
KOl LTOULKO LOTOPLKO. Mpv 4 puriveg avadEpel paxtalyia, £ywve a/a €éAeyxoc orntouv pavnkav 2
omovSUAkA katayuoata. Mota Oa eival N avilpetwnion tng acbevouc;

A. Na ouve)ioeL Tnv idla aywyn ywa aAAo £va Xpovo, va GUMTTANPWOEL S5eTia
B. Na yivelr aAAayry o€ @AAo Sitdpwodoviko

. Na xopnynOei denosumab

A. Na xopnynOei tepunapatién ywa 2 xpovia

E. Na xopnynO&ei romosozumab ywa éva xpovo

2T. Na yivel 1 €éyxuon {oAevdpovikoU 5mg iv

Z. Na xopnynOei avapBoAikn Oepamneia ko ev ouvexeia denosumab 1 Sipwodovika
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