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Treating osteoporosis

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

Treatment Objective: Fracture PreventionΧ

Compston et al, Osteoporosis, Lancet 2019

ΧΦ by improving Bone Resilience. 



How to start?

Opening mattersΧ



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

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



Therapieempfehlungen der DVO-Leilinie 2023

Imminente Frakturrisikoerhöhung bei
VHüftfraktur im letzten Jahr
VWirbelkörperfraktur(en) im letzten Jahr
V2 oder mehr Stürze im letzten Jahr 
VNeu begonnene GC-Therapie >5 mg/Tag über >3 Monate

Χ. bei der Entscheidung für oder gegen eine 
osteoanabole Therapie sollen das Risiko für eine 
imminente FrakturΧ Gebrechlichkeit, 
Komorbiditäten, Allgemeinzustand und 
Lebenserwartung berücksichtigt werdenΧ. 



Laura et al., Bone Reports 2021, Which treatment to prevent an imminent fracture

Which treatment to prevent an 
imminent fracture



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

Denosumabfor Prevention of Fractures in Postmenopausal Women with Osteoporosis



Bone, Lancet Diabetes Endocrinol 2017,  10 years of denosumab treatment in postmenopausal women, FREEDOM Trial, Extension

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



Comparative Effectiveness of Denosumab versus Bisphosphonates among Treatment-Experienced
PostmenopausalWomenwith Osteoporosisin the U.S. MedicareProgram

Dmabreducedthe riskof hip fractureby 45%(RR=0.55;68), 37%(RR0.63) and38%(RR0.62) andreducedthe riskof MOFby
31% (RR0.69), 25% (RR0.75 and 31% (RRR0.69) comparedwith oral BP,Aln, and ZA respectively. Similar results were
observedfor NV,NHNV,andHVfractures

Retrospective cohort study,femalesҗ66 yearswith prior history of treatment with an oral BP,who newly initiated Dmab
(n~108,000), a different oral BP (alendronate, ibandronate, or risedronate; n=100,649), alendronate (Aln; n=53,165), or
zoledronicacid(ZA; n=35,100) betweenJan1, 2012to Dec31, 2018

Curtis et al., ASBMR 2023, Abstract FRI-434

Followed from treatment
initiation (index date) until
the first instanceof
- fractureoutcome
- treatment

discontinuation
- Treatmentswitch
- Medicaredisenrollment
- Death
- End of available data

(Dec31, 2019)
- 5 yearspost-indexdate



Switching from BPs to Denosumab or continuing

Miller et al., OsteoporosInt 2020, Efficacyandsafetyof denosumabvs. bisphosphonates
in postmenopausalwomenpreviouslytreated with oral bisphosphonates

Efficacy and safety of transitioning to denosumab vs. continuing
bisphosphonate treatment in postmenopausalwomen who previously
receivedoral bisphosphonates

Adverse Events, n (%)
Transitioned to DMAb 

N = 1,413
Continued BP

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)



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

Switching from BPs to Denosumab, Teriparatide, or Romosozumab 



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

V Levels of BTM increased
upon discontinuation and
decreased with
retreatment.

V Discontinuation of
denosumabwas associated
with a BMD decrease of
6.6% at the lumbar spine
and 5.3% at the total hip
within the first 12months

Conclusions: Χlong-term
denosumabtreatment led to gains
in BMD and reduction of BTM
throughoutthe courseof the study.
Theeffectson bone turnover were
fully reversible with
discontinuation

Denosumab effect in long-term continued, discontinued, and restarted therapy ς Phase 2 Data



Makraset al., JCEM 2021, The Duration of DenosumabTreatment and the Efficacy of Zoledronateto Preserve Bone Mineral Density After Its Discontinuation

Number of Dmab injections before discontinuation and changes in 
BMD 1 year after subsequent i.v. ZOL 5mg

47 postmenopausalwomen who receiveda single zoledronateinfusion 6
months after the last denosumabinjection and then were followed for 1
year. Twenty-sevenwomen receivedҖ6 denosumabinjectionsόҖ6 Group)
and20received> 6 denosumabinjections(>6 Group).

The duration of denosumabtreatment significantlyaffects the efficacyof subsequentzoledronateinfusion to maintain BMD
gains. Frequent follow-up of patients treated with denosumablonger than 3 years is advisableas additional therapeutic
interventionsmaybe needed.



Kumaret al., JBMR2025, Denosumabdiscontinuationin the clinic- implicationsof reboundboneturnoverandemergingstrategiesto preventbonelossandfractures

Denosumabdiscontinuation - emerging strategies to prevent bone loss and fractures



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

Differential structural effects of 
antiresorptives vs PTH analogues



Open-label Teriparatides.c. 20µg/d (n=33) vs. Denosumab60mg/6mo (n=36, 60mg) in treatmentς
naïvepostmenopausalosteoporosis. Histomorphometrybeforeandafter 3 mo of treatment

Remodelingπ and aƻŘŜƭƛƴƎπBased Bone Formation

V MBF = 
modeling-
based 
formation

V RBF =
remodeling-
based
formation

V oMBG =
overflow
modeling-
based
formation

DEM =demeclocycline(first set of labels)
TET = tetracycline (scondset of labels)

RBF

MBF

oMBF

Dempster et al., JBMR 
2017,  Remodelingπ and 
aƻŘŜƭƛƴƎπBased Bone 
Formation With 
Teriparatide Versus 
Denosumb - A 
Longitudinal Analysis 
From Baseline to 3 
Months in the AVA Study



Kendler, Lancet 2017

Effectsof teriparatide and risedronate on new fractures in post-
menopausalwomenwith severeosteoporosis(VERO)



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

In postmenopausalwomenwith severeosteoporosis,risk reductionof TPTDvsRISfor new VFx, clinical
fractures,andNVFFxwasconfirmedacrossdifferent subgroupsincludingpatientspretreatedwith BPs.

The VERO Trial - Risk of Fractures in Subgroups with Severe  Osteoporosis



Dong et al., Horm Metab Res 2023, Comparison of Bisphosphonates versus Teriparatide in Therapy of 
Glucocorticoid induced Osteoporosis - Meta Analysis

Theincreasesin BMDweresign. greaterwith TeriparatidevsBPs:
- LumbarSpine+ 3.96%(p<0.00001)
- TotalHip+ 1.23%(p=0.006) a
- FemoralNeck+ 1.45%(p=0.01)

Meta-regressionanalysisshowsthat factorsincludingage,sex,menopausalstatus,
steroid dosage,steroid duration, underlying diseasesand previous rheumatic
diseases,and previous bone fracture are not associatedwith the incidenceof
vertebralbonefracture

Bone fracture risk by bisphosphonateand teriparatide treatment at vertebral (a) and non-
vertebral(b) fractureat 18months.Bisphosphonates vs Teriparatide in  

Glucocorticoid induced Osteoporosis 

Subgroup analysis of the efficiency of BMD change (%)



Saag et  al., Arthritis Rheumatism 2009, Effects of Teriparatide versus Alendronate for Treating Glucocorticoid-Induced Osteoporosis

Teriparatide in GC-induced Osteoporosis



Miller et al., JCEM 2008, Early Responsiveness of Women with Osteoporosis to Teriparatide After Therapy with Alendronate or Risedronate

Teriparatide following Alendronate vs. Risedronate ς OPTAMISE-Study

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. 



Lindsay et al., 
Osteoporos Int 
(2016)

Teriparatide Treatment Effect and Significance of Pretreatment

Remodeling / 
scalopped 
cement lines

Modeling / smooth 
cement lines



Fahrleitner-Pammer et al., Bone 2016, Improvement of cancellous bone 
microstructure in patients on teriparatide following alendronat 
pretreatment

Pre-treatementeffect on 
Teriparatide-Efficacy

Exploratory analysis to investigate the effects of 
teriparatide on cancellous bone microstructure in 
postmenopausal women with osteoporosis who were 
either treatment-naïve (TN, n = 16) or alendronate-
pretreated (ALN, n = 29) at teriparatide initiation.
 
Teriparatide (20 ˃ g/day) was given for 24 months

Treatment-naïve ALN-pretreated

Teriparatide induced trabecular connectivity



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

Teriparatide in men

Changes in lumbar spine bone mineral density with teriparatide 
20 g˃ daily. Although the figure does not show a head-to-head 
comparison, the increase in bone mineral density in men over the 11 
months of the trial by Orwoll et al. tracks closely along the trajectory 
in bone mineral density women over the same period of time in the 
trial of Neer et al.



Glüer, JBMR 2013, Comparative Effects of Teriparatide and Risedronate in GIO in Men, 18-month Results of the 
EUROGIOPs Trial

Teriparatide and Risedronate in GIO in Men



Teriparatide in AFF

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 


