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Case introduction

 The patient is a 72-year-old woman with diagnosis of postmenopausal 

osteoporosis who has been receiving denosumab for three years. In the 

initial BMD, the T-score in the lumbar spine was -3 and in the femoral neck 

was - 2.6. The patient mentions a history of fracture in the T12 vertebra 

before starting treatment. 

 She is currently responding to treatment and has no specific 

complications. However, she has recently been unable to obtain the 

medication due to financial difficulties. The patient has referred to your 

office for advice on discontinuing treatment and next steps.



Denosumab action and efficacy

 Denosumab, approved for the treatment of osteoporosis since 2010, is a fully 

humanised monoclonal antibody against a cytokine, receptor activator of nuclear 

factor kappa B ligand (RANKL), involved in bone resorption.

 Dmab binds RANKL, thus preventing its binding to RANK on the surface of cells of the 

osteoclastic lineage. Consequently, Dmab suppresses osteoclast recruitment, 

maturation, function, and survival, and significantly decreases bone resorption and 

subsequent bone loss.

 It circulates in the bloodstream, binding to RANKL in the extracellular fluid, and is 

cleared via the reticuloendothelial system with a half-life of approximately 26 days.



Normal bone remodeling vs DMAB 

treatment



FREEDOM & FREEDOM  Extension Trial



Trial for DMAB efficacy in various 

clinical indications



DMAB discontinuation and rebound 

phenomenon

 During the robust inhibition of RANKL, immature preosteoclasts that are unable to 

resorb bone accumulate in the bone tissue leading to a mass increase in 

osteoclastogenesis and RANKL release after stopping Dmab (rebound 

phenomenon)

 Histomorphometric analyses of patients who discontinued Dmab without 

subsequent medication demonstrated increased osteoclast number, osteoclast 

surface, and eroded bone surface, together with increased osteoblast numbers and 

osteoblast-covered bone surface.

 The discontinuation of Dmab leads to significant and abrupt changes in bone 

remodeling. Enhanced osteoclastogenesis and osteoblastogenesis is evident at 

tissue level leading to seriously compromised bone structure.



DMAB discontinuation



Discontinuation Effect on Bone 

Turnover Markers

 Dmab discontinuation leads to a rapid, profound increase in the concentrations of 

BTM, frequently to above pre-treatment baseline levels

 In postmenopausal women participating in phase 2 and phase 3 trials, investigators 

described a fluctuating trend for serum CTX that began rising within a mean of 3 

months after Dmab discontinuation (9 months following the last injection), with a 

peak after a mean of 6 months, and returned to pre-treatment concentrations after 

a mean of 24 months. A similar pattern was found for P1NP, suggesting that 

remodeling remained coupled during the discontinuation phase.

 The pathophysiology of the “rebound effect” on BTMs still remains uncertain. 

Previous treatment with BPs may have a protective role.





Discontinuation Effect on Bone Mineral 
Density

 Discontinuation of Dmab is typically associated with a decline in BMD at all skeletal 
sites.beginning from 6 months after discontinuation and continue 18 months for L.S and 30 
months for hip and 1/3 distal radius.

 Reports from single centers who monitored their patients following the completion of the pivotal 

denosumab trials (FREEDOM and its Extension) concluded that the rate and amount of bone loss 
might be predicted by the total duration of Dmab use: patients treated for a longer period had 
more pronounced BMD loss at all skeletal sites. The rate of BMD loss observed in patients who 
had stopped Dmab therapy and did not receive any subsequent osteoporosis medication was 
about 5–11% at all sites during the first year off-treatment.

 To date, it is still uncertain if pre-treatment with BPs preserves BMD gain after Dmab
discontinuation.

 In fact, BMD gains at the lumbar spine, total hip, femoral neck and distal radius were all lost 
within 2 years of discontinuation . Most of this decrease occurs rapidly, within 6 months of the last 
injection .



 Summary We evaluate 38 elderly 
women who had received long-term 
denosumab treatment after stopping 
the drug. Taking into account the gain 
during treatment and the loss after 
stopping treatment, they lost 35.5% of 
the total gain in the spine, 44.6% of the 
total gain in the femoral neck, and 
103.3% in the total hip.

 Results:Bone mineral density (BMD) 
decreased significantly in all regions: − 8.1% in 
LS, − 6% in FN, and − 8.4% in TH.



 Design: We conducted an off-treatment extension of 
a phase 3, randomized, double-blind, parallel- group 
study.

 Participants: A total of 256 postmenopausal women 
with a mean age of 59 yr and a mean lumbar spine 
T-score of 1.61 at randomization participated in the 
study.

 Interventions: Participants received placebo or 60 mg 
denosumab every 6 months for 24 months, followed 
by 24 months off treatment.

 Results: Of the 256 participants enrolled in the 
posttreatment phase, 87% completed the study.

 After discontinuation, BMD declined, but the 
previously treated denosumab group maintained 
higher BMD than the previously treated placebo 
group at these sites (P < 0.05). Final BMD at month 48 
strongly correlated with month 0 BMD.



Discontinuation Effect on Fracture Risk

 Discontinuation of Dmab is associated with a 3- to 5-fold higher risk for vertebral, major 
osteoporotic, and hip fractures.

 This might be simply a relapse of a given unopposed fracture risk as in the placebo-controlled 
trials, the off-treatment fracture risk among patients who had received Dmab was not different 
than that of the placebo group.

 However, the multiple vertebral fractures are specifically and significantly increased amongst 
those discontinuing Dmab

 The fractures in this setting are typically clinical, occurring a few months after the effect of the 
last Dmab injection has been depleted , and are often described as rebound associated 
vertebral fractures (RAVFs).





Cont…



 A post hoc analysis of the FREEDOM trial and its extension study examined this in detail by 
comparing the vertebral fracture rates of 1,001 subjects who discontinued denosumab after 
having at least two doses with the vertebral fracture rates of 470 participants who received 
placebo.

 After withdrawal of denosumab, the vertebral fracture rate increased from 1.2 per 100 
participant-years  to 7.1 per 100 participant-years . The vertebral fracture rate after stopping 
denosumab was similar to the rates before and after stopping placebo, which were 7.0 per 100 
participant-years  and 8.5 per 100 participant-years , respectively.

 Among those who had vertebral fractures after denosumab was stopped, 34 out of 56 
participants (61%) had multiple vertebral fractures as compared to 12 out of 31 participants 
(39%) in the placebo group (p<0.049), corresponding to a 3.4% and 2.2% risk of multiple vertebral 
fractures, respectively .

 Nonetheless, the incidence of any vertebral fractures upon discontinuation of denosumab was 
still lower than the incidence reported in the placebo group.



Limitation of study

 in this post hoc analysis, the annualized risk might be underestimated by the relatively short 
follow-up period (mean 0.2–0.5 years).

 Another cause of underestimation may be the fact that most studies reporting VFs after Dmab
withdrawal were based on follow-up lateral X-rays to identify new fractures and not on MRI 
which depicts vertebral deformities with greater sensitivity among patients with RAVFs .

 Recent reports of cohorts from large registries confirmed the increased risk for VFs in Dmab
discontinuers , while the effect of  discontinuation on the risk for fractures at other skeletal sites is 
not clearly estimated as yet. The incidence of VFs after Dmab discontinuation is estimated 

around 8–10%, with a relative risk of multiple VFs per 100 patient-years of 14.63 (95% confidence 
interval (CI) 3.3–65.3)

 The latest evidence shows that even a 4-month delay in the injection significantly increases VF 
risk





Factors Predisposing to Bone Loss and 

Fractures Following Discontinuation

 According to currently existing evidence, prevalent VF(s) before or during the treatment period 
are the strongest predictor of new VFs upon discontinuation

 The rate of BMD loss off-treatment per se could be a risk factor,

 Other factors associated with increased risk of RAVFs, that were identified at the post-hoc 
analysis of FREEDOM and its Extension follow-up study, include longer duration of the off-
treatment period, greater gain in hip BMD with Dmab treatment, and greater loss of hip BMD 
after discontinuation

 Vertebroplasty has also been identified as another factor setting patients who discontinue  
Dmab at risk for VFs, especially at the adjacent vertebrae

 Although younger age has been reported to be a risk factor for bone loss after discontinuation

 Weak evidence suggests that concomitant AI administration in breast cancer patients may 
aggravate the withdrawal effect of Dmab on the skeleton, even in normal BMD values, 
predisposing to VFs.
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REVIEW OF STUDIES ABOUT 

DIFFERENT ANTIOSTEOPOROTIC 

AGENTS AFTER DMAB 

DISCONTINUATION



 METHODS:This study is a pre-planned extension of the 
Denosumab and Teriparatide Administration study 
(DATA)

 FINDINGS: After 48-months, spine BMD increased 
by18.3±8.5%, 14.0±6.7%, and 16.0±4.1% in the 
teriparatide-to-denosumab, denosumab-to-
teriparatide, and combination-to-denosumab
groups, respectively (P=NS for between-group 
comparisons).

 Conversely, total hip BMD increased most in the 
combination-to-denosumab group (8.6±3.0%), 
intermediately in the teriparatide-to-denosumab
group (6.6±3.3%) and least in the denosumab-to-
teriparatide group (2.7±3.3%), (P<0.05 for all 
between-group comparisons). Femoral neck BMD 
changes resembled those at the total hip. After 48-
months, radius BMD was unchanged in the 
teriparatide-to-denosumab group (0.0±2.9%), 
decreased by −1.8±5.9% in the denosumab-
toteriparatide group, and increased by 2.8±3.2% in 
the combination-to-denosumab group (P<0.01 
combination-to-denosumab versus both other 
groups).





 Fifty of 69 women who completed DATA-
Switch returned after a mean of 15.4 ± 3.5 
months. Of the 28 women who received 
antiresorptive therapy (10 denosumab, 10 oral 
bisphosphonates, 8 intravenous zoledronic
acid), the mean interval between ending 
DATA-Switch and beginning antiresorptive
therapy was 3.8 ± 3.1 months. In the 22 
women not receiving follow-up therapy, 
femoral neck, total hip, and spine BMD 
decreased by −4.2±4.3%,−4.5±3.6%, 
and−10.0±5.4%, respectively,while BMDwas
maintained in those who did receive follow-up 
antiresorptive drugs (femoral neck, total hip, 
and spine BMD changes of −0.6 ± 2.7%, −0.8 ±
3.1%, and−1.2±4.7%, respectively, P b 0.001 for 
all between-group comparisons). Total 
hipBMD, but not spine BMD, showed a similar 
pattern.

 In summary, the large teriparatide and 
denosumab-induced gains in BMD achieved with 
4 years of intensive therapy in the DATA and 
DATA-Switch studies were maintained in patients 
who received prompt antiresorptive therapy but 
not in those left untreated. These results 
demonstrate the negative consequences of 
delaying consolidation therapy in women treated 
with these drugs and underscore the importance 
of timely medication transitions in such patients.





Bisphosphonate after DMAB

 The effects of alendronate after denosumab were assessed in the DAPS (Denosumab
Adherence Preference Satisfaction) study 

 . In this 24-month, randomized, open-label crossover study, 250 postmenopausal women with 
low BMD were randomly assigned to either alendronate for 1 year followed by denosumab for 1 
year or vice versa.

 Patients who received 1 year of alendronate after 1 year of denosumab maintained the BMD 
gained wit denosumab during the first year.



 Method: an open-label, one-year extension 

study following a two-year double-blind, 

placebo-controlled, randomized clinical 

trial, 39 older adults aged 65 years and 

above, who were residents of LTCCs and 

participants in the PROUD (PReventing

Osteoporosis Using Denosumab) trial, 

received a single 5 mg dose of zoledronic

acid after completing four doses of 

denosumab 60 mg during the PROUD trial.

 We aim to evaluate the effects of a single 

5 mg dose of zoledronic acid on bone 

mineral density (BMD) at the lumbar spine, 

total hip, femoral neck, and one-third 

radius, as well as on the spine trabecular 

bone score (TBS), over a one-year period. 

Additionally, we surveyed patients for 

fractures

 results:Our study included 27 women and 12 men, with a 

mean age of 81.5 years. Twelve months after the 

administration of zoledronic acid, the mean percent 

changes from the end of the denosumab trial showed no 

significant decline in any of the BMD sites in both women 

and men. 

 These findings indicate no evidence of rebound bone 

loss. In women, TBS significantly increased by 3.9% (95% CI: 

0.8 to 5.8, p=0.007), suggesting improved bone 

microarchitecture. In men, there was a trend toward 

improvement in TBS, with an increase of 3.3% (p=0.0545).

 There were no reported fragility fractures among 

participants during the post-denosumab period.

 Conclusions: In residents of LTCCs with osteoporosis 

receiving a single 5 mg dose of zoledronic acid following 

two years of denosumab, we found no evidence of a loss 

in BMD or TBS. Further, participants experienced 

enhanced bone microarchitecture.













What is the optimal treatment duration with

denosumab for patients at high risk for 

fracture?

 The treat to target concept for osteoporosis suggests that treatment decisions 

should be made with the goal of achieving an acceptable level of fracture risk .

 In recent years, BMD has been propagated as a useful treatment target, and an 

ASBMR–National Osteoporosis Foundation working group on goal-directed 

treatment for osteoporosis has suggested a hip T score target of greater than –2.5, 

with a higher level of confidence for a T score target of greater than –2.0 , although 

even higher thresholds, that is, a T score target of greater than –1.5, have been 

proposed

 Thus, in patients considered to be at high risk for fracture, the efficacy and safety 

profile of denosumab allows for long-term treatment, with existing data supporting a 

duration of up to 10 years.



SO WHAT DO WE DO?

 Given all the available information and recent recommendations, a rational 
approach would be the initiation of either oral BPs or zoledronate following 
Dmab discontinuation.

 As oral BPs might not adequately consolidate the BMD gains, the 
measurement of BTM is suggested after 3 months in order to monitor the 
efficacy and adherence through a level below the mean of healthy 
premenopausal women (CTX < 280 ng/L, P1NP < 35 g/L).

 BTM measurement could also be useful 6 months after zoledronate infusion, 
and a second infusion might be considered if a level above the mean of the 
age and gender-matched controls is found .

 In any case, treatment should last at least one year while the subsequent 
annual BMD could guide the decision for the continuation of BPs or not.





Take home m essage

 Dmab is one of the most potent anti osteoporotic agents that reduce bone 
resorption and sustainably incresces bmd and redudes fx at all skletal sites.

 Unfortunately after discontinuation of the drug bmd loss accelerates  due to 
rebound phenomen which may increase risk of fx especially vertebral fx. 

 Many facror put paients at risk of fx after stopping the drug  especially 
prevalent vertebral fx , duratioin of teratrment and time since stopping of the 
drug…

 Based on limited evidences teriparatide is not able to maintain bmd after 
dmab treatment and do not recommend as sequential therapy after dmab.

 Currently, It seems that alendonate and zoledronate are the most effective 
sequential therepies after dmab discontinuation and should be considered 
depending on the patients condition.
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