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Abstract
Purpose of Review Denosumab discontinuation is associated with a rebound effect manifesting by an increased risk of multiple
spontaneous vertebral fractures. The purpose of this review is to (1) better characterize this risk and (2) find solutions to avoid it.
Recent Findings In the absence of a potent bisphosphonate prescription at denosumab discontinuation, the frequency of multiple
vertebral fractures is common or frequent (≥ 1/100 and < 1/10). In five recent case series, the median number of vertebral
fractures was 5 within 7 to 20 months (median 11) after the last denosumab injection. Prescribing bisphosphonate before starting
denosumab and/or after stopping denosumab may reduce this risk. However, only small case series have evaluated these
strategies.
Summary After the second denosumab dose, there is a rebound effect with an increased risk of multiple vertebral fractures. A
potent bisphosphonate prescribed at denosumab discontinuation could reduce this risk. As denosumab discontinuation is char-
acterized by many uncertainties, denosumab is a second-line treatment for osteoporosis. Studies are urgently needed to define the
management of denosumab discontinuation.
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Introduction

Denosumab is a human monoclonal antibody against
RANK-ligand (RANKL). It prevents RANKL from binding
to its receptor on the surface of osteoclasts, thereby blocking
their maturation, function, survival, and activity. Denosumab
decreases bone resorption, increases bone mineral density
(BMD), and reduces fracture risk [1]. After 3 years of

treatment, the risk of radiological vertebral fractures (VFs)
decreases by 68%, that of non-vertebral clinical fractures by
28%, and hip fracture risk decreases by 40% [1]. The BMD
gain is continuous over 10 years, reaching 21.7% on the
lumbar spine and 9.0% on the femoral neck [2]. During these
10 years, the annual fracture risk stays low, ranging between
0.70 and 1.47% for radiological VFs and between 0.84 and
2.59% for non-vertebral clinical fractures [2]. Denosumab
also reduces the risk of clinical fractures by 50% in postmen-
opausal women with breast cancer receiving aromatase in-
hibitors (AIs) [3]. Denosumab 60 mg every 6 months has
been proposed: (1) for postmenopausal women with osteo-
porosis; (2) for men with osteoporosis; (3) to protect from
bone mass loss, in women with additional fracture risk fac-
tors receiving adjuvant AI therapy for breast cancer, and in
men receiving androgen deprivation therapy for non-
metastatic prostate cancer; and (4) for glucocorticoid-
induced osteoporosis in men and women at high fracture
risk. This review does not address oncologic clinical situa-
tions treated with higher denosumab dosage (multiple mye-
loma, bone metastases from solid tumors, hypercalcemia of
malignancy refractory to bisphosphonates, or giant cell
tumor).
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The Rebound Effect After Denosumab
Discontinuation

In a phase 2 multiple dose study and in the phase 3 fracture
prevention trial, denosumab discontinuation was associated
with an increase of the bone turnover markers (BTMs), CTX
and P1NP, and a decrease of BMD [4, 5••]. More precisely,
stopping denosumab after four 60 mg injections induced an
increase in BTMs values above baseline during 2 years, and
after 1 year BMD had decreased to baseline levels [5••]. Later
it was shown that loss of lumbar spine BMD gain on
denosumab within 1 year after its discontinuation appears re-
gardless of treatment length [5••, 6, 7]; at the same time, hip
BMD loss is equal to or even greater than the gain achieved
during treatment [5••, 6, 7]. The clinical consequences of what
can be called a rebound effect manifesting by a severe BTMs
increase and a rapid loss of BMD were not anticipated. They
appeared to the medical community after the description of
several case reports or cases series describing the occurrence
of multiple spontaneous clinical vertebral fractures
(MSCVFs) after denosumab withdrawal [8, 9, 10••, 11•].
These cases were reported in women with either postmeno-
pausal osteoporosis or treated for BMD preservation when
receiving concomitant AIs. A post hoc analysis of the
FREEDOM and FREEDOM Extension trial concluded that
VFs risk was similar after denosumab or placebo discontinu-
ation [12••]. Surprisingly, the risk of VF increased sharply
after placebo discontinuation too, although less highly than

after denosumab discontinuation; the later also induced a
stronger risk of MSCVFs (60.7% vs 34.5% of patients with
VFs, respectively). However, different small and heteroge-
neous retrospective studies suggest that bisphosphonates giv-
en before or after denosumab may reduce BTMs rebound and
BMD loss at denosumab discontinuation (see below).

Following these publications, several authors and medical
societies advocate for, at denosumab discontinuation, a period
of treatment with a bisphosphonate or another antiresorptive
agent (estrogens or SERMs) to preserve BMD gain and avoid
the risk of VF or MSCVFs [12••, 13–15].

Characterization of Vertebral Fracture Risk
After Denosumab Discontinuation

The true incidence of VFs after denosumab discontinuation is
not known, but can be approximated from observational stud-
ies (Table 1). In one of them, 82 patients were treated with
denosumab for 4 to 8 years (mean age 69 years at the end of
treatment); eight had been treated with a bisphosphonate be-
fore denosumab initiation, and 17 received an osteoporosis
treatment after denosumab discontinuation [6]. One year later,
seven women had had clinical VFs (8.5%), including four
with MSCVFs. The authors mention two additional patients
withMSCVFs who declined to participate in the observational
phase. In another observational study, 38 patients treated with
denosumab for 7 to 10 years (mean age 81 years at the end of

Table 1 Risk of vertebral fractures after denosumab discontinuation: observational studies

Study (ref) Patients (n) Age
at DD

Follow-up after last
D + 6 months (months)

Patients with
OP Tx

Patients
with ≥ 1 VF (%)

Patients
with ≥ 2 VF (%)

[6] 82 (+ 2) 69 12.0 17.0% 8.5% (11.9%) 4.9% (7.1%)

[12••] 327 75 7.0 14.5% 7.1%* 4.3%*
[12••] 678 79 3.4

[16] 38 81 12.0 0.0% 10.5% 2.6%

D, denosumab; DD, denosumab discontinuation; n, number; OP, osteoporosis; ref, reference; Tx, treatment; VF, vertebral fracture

*Per 100 participant-year

Table 2 Cases series: patients with at least one vertebral fracture after denosumab discontinuation

Study (ref) Patients (n) Age at DD (y)
(mean ± SEM)

D doses (n)
(mean ± SEM)

Months last D—FV median
(min-max)

Number VF median
(min-max)

[10••] 24 63.8 ± 7.3 6.2 ± 2.0 11(8–16) 5 (1–9)

[11•] 9 74.2 ± 5.3 4.9 ± 1.6 11 (7–18) 4 (1–9)

[18] 35 66.3 ± 9.6 6.7 ± 2.9 11 (7–20) 5 (1–11)

[19] 9 66.9 ± 8.0 6.0 ± 1.6 10 (8–18) 5 (2–8)

[20] 7 64.1 ± 6.4 7.4 ± 1.7 11 (8–20) 5 (2–7)

Total* 70* 67.3 ± 7.5 6.3 ± 2.0 11 (7–20) 5 (1–11)

D, denosumab; DD, denosumab discontinuation; n, number; ref, reference; VF, vertebral fracture; y, years

*Analysis at individual level. The 14 cases included in studies 1 and 3 were taken into account once
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treatment) were followed for 17months after the last injection,
without receiving any other treatment for osteoporosis [16].
Four women (10.5%) had at least one clinical VF, including
one with MSCVFs. The post hoc analysis of the FREEDOM
and FREEDOM Extension trial evaluated 1001 women who
stopped denosumab after seven or 10 years: 678 were follow-
ed for about 9 months after the last denosumab injection and
327 for about 12 months after the last injection. During this
follow-up, 47.3% had X-ray control and 14.5% took osteopo-
rosis treatment (including denosumab) [12••]. The annualized
risk of VFs was 7.1%, of which 60.7% were MSCVFs. The
risk of MSCVFs was higher in patients with previous VF. It is
possible that these three observational studies underestimate
VFs risk, particularly because of shorter follow-up than the
biologic rebound, and because of the potential impact of the
treatment received before and/or after denosumab [17].

The clinical features of women with VFs after denosumab
discontinuation were analyzed in five case series (Table 2):
two published in 2017 and 2018 and three presented at con-
gresses in 2018 (World Congress on Osteoporosis,
Osteoarthritis and Musculoskeletal Diseases in Krakow;
Annual European Congress of Rheumatology in
Amsterdam) [10••, 11•, 18–20]. In the first cases series
[10••], 24 Swiss and Greek postmenopausal women
(64.1 years at the time of VFs) presented 112 spontaneous
clinical VFs (median 5; min 1, max 9) within 8 to 16 months
(median 11) after their last denosumab injection. They had
received 2 to 10 denosumab injections inducing a lumbar
spine BMD T-score increase from − 2.9 to − 2.1 SD. Most
had low fracture risk: 16 (66%) had never had a fracture,
and five received denosumab for the prevention of bone loss
associated with AIs. In the second case series, nine Israeli
elderly women (74.2 ± 5.3 years) presented 36 spontaneous
clinical VFs (median 4; min 1, max 9) within 7 to 18 months
(median 10) after their last denosumab injection [11•]. The
number of denosumab injections prior to discontinuation
was 4.9 ± 1.6. They were at high risk of fracture and had a
prolonged prior exposure to bisphosphonate (7.4 ± 3.2 years).
We conducted a single-center observational study in
Lausanne, Switzerland, which currently includes 34 women
and one man (66.3 ± 9.6 years at last denosumab injection)
[18]; 14 of these cases were previously published [10]. They
experienced 172 spontaneous clinical VFs (median 5; min 1,
max 11) within 7 and 20 months (median 11) after their last
denosumab injection [18]. The number of denosumab injec-
tions prior to discontinuation was 6.7 ± 2.3. Eight women re-
ceived a bisphosphonate before denosumab, nine received
denosumab for AIs bone loss prevention, and 24 (69%) had
never had a fracture. Younger women seem at higher risk as
the number of VFs is inversely associated with age (5.4 ± 2.0
vs 2.8 ± 1.3 for women ≤ vs > 65 years, respectively;
p < 0.001), and the delay between denosumab discontinuation
and the occurrence of VFs increases with age (10.4 ± 1.3 vs

12.7 ± 2.6 months, for women ≤ vs > 65 years, respectively;
p = 0.008) [18]. Another case series in Madrid, Spain, includ-
ed nine women, 66.9 ± 8.0 years, who experienced 47
MSCVFs (median 5; min 2, max 8) 8 to 18 months (median
11) after last denosumab injection [19]. The number of
denosumab injections prior to discontinuation was 6.0 ± 1.6.
In the fifth case series in Barcelona, Spain, seven women
(median age 65 years) experienced 32 MSCVFs (median 5;
min 2, max 7) 8 to 20 months (median 11) after their last
denosumab injection [20]. The number of denosumab injec-
tions prior to discontinuation was 7.4 ± 1.7. In all series, a
thoracolumbar MRI, and in some cases a vertebral biopsy,
ruled out a pathological fracture. Finally, vertebroplasty has
been found to increase the risk of new spontaneous clinical
VFs in the month following the procedure [10••, 11•, 18, 19],
an indirect index of vertebral fragility during this period.

In the cases series, CTX values at the time of VFs diagnosis
were two to three times higher than the upper limit of the
normal range for premenopausal women [9, 18–20], as de-
scribed in the observational studies of denosumab discontin-
uation during the rebound phase [4, 5••]. In all of them, a
broad biological assessment excluded an underlying disease
explaining the high bone turnover. CTX values were not cor-
related with the number of VFs, but increased with the number
of previously received denosumab doses (R2 = 0.28) [18].
CTX values represent osteoclast activity, and osteoclastogen-
esis has already been evocated at the origin of the rebound
effect [21].We hypothesize that this severe high bone turnover
is involved in microdamage accumulation in trabecular bone
and thus promotes VFs. Due to the connection with the excess
of osteoclast activity, some authors have proposed the term
“rebound-associated vertebral fracture” for these MSCFVs
[11•, 18–20, 22].

The published cases series only concern patients who have
not received any anti-osteoporosis treatment between last
denosumab injection and the occurrence of VFs, except for
one case [19]. From them, it can be concluded that (1) VFs
occur within 7 to 20 months (median 11) after the last
denosumab injection; (2) the median number of MSCVFs is
between four and five (min 1, max 11); (3) CTX values are
extremely high at the time ofMSCVFs; and (4) vertebroplasty
performed at this time may increase the risk of new VFs. It
should be noted that the median MSCVFs number might be
overvalued. Indeed, in patients with less spontaneous (one or
two) VFs, the diagnosis may have been missed, or patients
may not have been referred to a specialized center.

Why Stop Denosumab?

Because of the excellent results over 10 years of treatment,
and the uncertainty about the management of denosumab dis-
continuation, why stop denosumab? A retrospective study
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evaluated the discontinuation of injectable osteoporosis treat-
ment in 4756 patients; 617 had received denosumab [23]. At
12 and 24 months, 48.8% and 64.3% discontinued
denosumab, respectively, highlighting the difficulty of contin-
ued treatment during a chronic illness, even with an injectable
formulation. However, discontinuation at and beyond 1 year
was lower with denosumab than with IV bisphosphonates. On
the other hand, there may be clinical reasons to stop
denosumab. When it is given for bone preservation in women
receiving adjuvant AI therapy for breast cancer, it is supposed
to be discontinued at the time of AI discontinuation. In men
and women receiving denosumab for osteoporosis treatment,
it is mostly discontinued when patients have reached a target
T-score outside the osteoporosis zone. In addition, the risk,
although low, of osteonecrosis of the jaw and atypical femoral
fracture increases with denosumab treatment duration [2], and
the risk-benefit ratio can favor the decision to stop the treat-
ment. In the case series that reported the MSCVFs, the main
reasons for denosumab discontinuation were end of AI treat-
ment, no more osteoporosis, omission of one denosumab
dose, patient’s wish, atypical femoral fracture, dental interven-
tion, or administrative [9, 10••, 11•, 18, 19].

For all these reasons, whether it is the willingness of the
patient or the decision of the practitioner, it is necessary to
consider that at some point denosumab may be discontinued.

How to Avoid the Rebound Effect?

The rebound effect at denosumab discontinuation should be
controlled to avoid the risk of VF/MSCVFs and control the
loss of the gained BMD. As far as it has been analyzed, the

rebound does not appear after a single administration of
denosumab, but after the second one [24, 25]. No randomized
controlled trial has evaluated strategies to decrease the re-
bound effect after denosumab discontinuation. Some studies
examined the effect of treatments given after or before
denosumab; however, their design was not planned to specif-
ically assess the benefit of these treatments on the prevention
of the rebound effect.

Bisphosphonate After Denosumab
Discontinuation

During the 1-year observational study of 82 patients who have
received denosumab, bone loss was attenuated in those who
took osteoporosis therapy at its discontinuation [6]. A single
infusion of zoledronic acid 5 mg given 6 months after the last
denosumab injection mitigated spine and total hip bone loss in
two cases series [26, 27•]. In one, including six women, the
loss of BMD gain was 50% on the spine and over 100% on the
total hip [26]. In another cases series of 22 women, the loss of
BMD gain was 40% and 45%, respectively [27•]. None of
those 28 postmenopausal women experienced VF after
denosumab discontinuation [26, 27•]. In another observational
study, 11 women received zoledronic acid 15 to 165 days
(median 65 days) after cessation of denosumab activity [28].
After less than a year, the loss of BMD gain was 27% on the
spine and 13% on the total hip. In the particular context of this
study (denosumab given for 2 years after 1 year of
romosozumab; short follow-up), delaying the administration
of IV zoledronic acid after denosumab discontinuation ap-
pears to better preserve BMD gain. However, the delay should
not be too long, since FVSCMs could occur as early as
7 months after the last denosumab injection. In this same
observational study, five women received once-weekly
risedronate 35 mg at the end of the denosumab activity.
After 1 year, the loss of BMD gain was 59% on the spine
and 36% on the total hip. Fifty women who completed the
DATA study (2 years of either teriparatide, denosumab, or a
combination of both followed by 2 years of the alternate ther-
apy) were evaluated 15 months after the end of the study [29].
BMD was maintained in women who received a prompt
antiresorptive therapy (denosumab, zoledronic acid, oral
alendronate, or oral ibandronate), and none of them experi-
enced VF. These observations raise four questions. What bis-
phosphonate to give? How long after the denosumab stopped?
At what dose and/or how often? For how long?

First, in order to limit/avoid the rebound effect after
denosumab discontinuation, the prescription of a powerful
antiresorptive treatment is mandatory (Tables 3 and 4). One
way to quantify the antiresorptive effect of osteoporosis treat-
ments is to measure the decrease in BTMs after its initiation.
Raloxifene 60 mg daily decreases BTMs by 26.2% to 35.2%

Table 3 Proposals for follow-up after switching from denosumab to
alendronate

1. T0. Initiate ALN 70 mg/week 5 to 6 months after the last denosumab
and perform a DXA

2. T2 – T4 – T6 – T9 – T12. Measure CTX

Goal < upper limit of the premenopausal normal range

2a. if yes, continue with ALN

2b. if no, switch to ZOL (see Table 4)

3. T12. Perform a DXA

Goal DXAT12- T0 ≤ LSN

3a. if yes, continue with ALN

3b. if no, switch to ZOL (see Table 4)

4. T12 – T18. Measure CTX

Goal < upper limit of the premenopausal normal range

4a. if yes, continue with ALN

4b. if no, switch to ZOL (see Table 4)

5. T24. Measure CTX and perform a DXA

ALN, alendronate; LSN, least significant change; T, time in months; ZOL,
zoledronate
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[30]. Oral daily or quarterly intravenous injection of
ibandronate decreases serum CTX by 53.4 to 59.9% [31]. In
a 12-month head-to-head trial, once-weekly alendronate
70 mg was more efficacious than once-weekly risedronate
35 mg to decrease serum CTX (73.8% vs 54.7%) [32]. IV
zoledronic acid 4 mg decreases serum CTX at 1 month by
83%, and at 1 year by 52% [33]. In order to minimize the high
bone turnover at denosumab discontinuation, it seems there-
fore preferable to prescribe the more potent bisphosphonates.

Second, since bisphosphonates are deposited on bone re-
sorption areas and denosumab very potently blocks bone re-
sorption, they must probably be administered when the re-
bound effect has already begun. This consideration is of little
importance for the repeated administration of an oral bisphos-
phonate [28], but is essential for a unique infusion of zoledro-
nic acid. BMD gain is best preserved by delaying administra-
tion of zoledronate compared to administration 6 months after
denosumab discontinuation [26, 27•, 28]. CTX levels change
very quickly about 6 months after last denosumab injection,
but with high variability between patients. CTX may thus be
used as a marker of the rebound effect and their increase de-
termines the timing of zoledronic acid infusion (Tables 3
and 4).

Third, the choice of a powerful bisphosphonate does not
guarantee sufficient inhibition of the high BTMs increase and
secondary bone loss. In one study, P1NP values doubled be-
tween 6th and 12th month after zoledronic acid infusion [28].
The durability of zoledronic acid effect in the context of this
rebound is less than in studies of osteoporosis. For oral

bisphosphonates, compliance and absorption are therefore es-
sential, but it is also possible that the doses usually used in
osteoporosis are not sufficient. The efficacy of oral
bisphosphonates or zoledronic acid should be assessed every
2 to 3 months by measuring CTX, to ensure that they remain
within the reference range of premenopausal women [34]. If
the target is not reached, three strategies can be imagined: (1)
to change the molecule, (2) to increase the doses, or (3) to
decrease the intervals between two doses.

Fourth, the longevity of the BMD preservation with bis-
phosphonate was only evaluated after 1 year. The duration of
bisphosphonate administration and CTX monitoring should
be 24 months to cover the period of the rebound effect after
denosumab discontinuation. This strategy requires a discus-
sion with health insurances to provide off-label osteoporosis
treatments, since, at this point, there is often no more densito-
metric osteoporosis. To verify the effectiveness of the pro-
posed strategy, BMD should probably be measured once a
year until 1 year after bisphosphonates are stopped (Tables 3
and 4) [34].

To date, no medical society or official conference at a
congress has offered detailed recommendations on
denosumab discontinuation. CTX-guided strategy to adapt
antiresorptive therapies after denosumab discontinuation
takes time and requires numerous controls. In the absence
of dedicated studies, CTX control is currently not a guaran-
tee of BMD gain preservation or the absence of VF/MSCVFs
risk. Randomized studies are urgently needed to validate a
simple therapeutic regimen. Two randomized, open-label,
interventional studies investigating the effect on BMD of a
single infusion of zoledronic acid (NCT03087851 and
NCT02499237) are ongoing.

Bisphosphonate Before Denosumab Initiation

Prior treatment with bisphosphonates was postulated to de-
crease the risk of the rebound effect after denosumab discon-
tinuation [25]. Bisphosphonates are stored for a long time in
the bone matrix, especially since denosumab should slow
down their release by decreasing osteoclastic activity.
Unfortunately, this strategy does not always prevent
MSCVFs [10••, 11•, 18, 19]. The small size of these studies
does not allow determining if there is a difference according to
the bisphosphonate used, its duration of use, and the time
interval between the discontinuation of bisphosphonate and
the introduction of denosumab. Therefore, the potential pro-
tective effect of prior treatment with bisphosphonate should be
explored in studies specifically designed for this purpose. We
can only hypothesize that administration of a potent bisphos-
phonate shortly before the introduction of denosumab should
reduce the rebound effect after withdrawal.

Table 4 Proposals for follow-up after switching from denosumab to
zoledronate

1. T0. 6 months after the last denosumab,
perform a DXA and measure CTX

Goal: significant CTX activity

1a. if yes, initiate ZOL

1b. if no, measure CTX once a month until the goal

2. T3 – T6 – T9 – T12 after ZOL infusion. Measure CTX

Goal < upper limit of the premenopausal normal range

2a. if yes, continue the follow-up

2b. if no, give a new ZOL infusion

3. T12. Perform a DXA

Goal DXAT12- T0 ≤ LSN

3a. if yes, continue the follow-up

3b. if no, give a new ZOL infusion

4. T12 – T18. Measure CTX

Goal < upper limit of the premenopausal normal range

4a. if yes, continue the follow-up

4b. if no, give a new ZOL infusion

5. T24. Measure CTX and perform a DXA

ALN, alendronate; LSN, least significant change; T, time in months; ZOL,
zoledronate
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How toManage Vertebral Fractures Occurring
After Denosumab Discontinuation (Table 5)

There is currently no recommendation for the manage-
ment of VF / MSCVFs occurring after denosumab dis-
continuation. During this period of high bone turnover,
the occurrence of VFs spreads over several weeks, and
ex t e r n a l ( phy s i c a l man i pu l a t i on ) o r i n t e r n a l
(vertebroplasty) spine manipulations increase their num-
ber [10••, 11•, 18, 19]. It is therefore necessary to
emergently block the high remodeling and avoid verte-
bral manipulations during a few weeks. Denosumab is
the only antiresorptive treatment that can inhibit bone
resorption in a matter of days. Denosumab 60 mg de-
creases serum CTX by 83.6% after 3 days, and by
89.4% after 1 month [35]. In comparison, alendronate
70 mg decreases CTX by 20.9% after 3 days, and by
66.2% after 1 month [35]. Due to the severity of these
VFs, we are prone to offer the most powerful anti-
osteoporosis t reatment . An anabol ic agent l ike
teriparatide seems to be the treatment of choice.
However, switching from denosumab to teriparatide de-
creases BMD, and CTX increased more after switching
from denosumab to teriparatide than in the same women
treated with teriparatide de novo [36]. Indeed, concurrent
denosumab and teriparatide administration increases
spine and hip BMD more than either drug alone, al-
though there is no fracture data due to the small size of
the study [36]. For these reasons, teriparatide can be
used in parallel with denosumab, but only after
denosumab has controlled the rebound effect (few days),
and in the absence of contraindications (active cancer).
The usual length of teriparatide prescription is of 2 years.
Since both drugs are associated with rapid bone loss
when stopped, we propose, after stopping teriparatide,
to continue denosumab alone for 1 year or until the de-
sired BMD target. Then, the rebound effect must be
prevented with a bisphosphonate as recommended above.

Uncertainties About Denosumab
Discontinuation

A recent review concluded: “denosumab discontinuation is
characterized by more uncertainties than certainties” [37].
Uncertainties concern the risk of MSCVFs after denosumab
discontinuation, the role of bisphosphonates as sequential
therapy, and denosumab treatment duration.

According to the Swiss health authorities, the MSCVFs
occurring after denosumab discontinuation are serious adverse
events (as requiring hospitalization and/or resulting in persis-
tent of significant disability or incapacity) and the link with
denosumab discontinuation is certain [https://www.
swissmedic.ch/swissmedic/fr/home/medicaments-a-usage-
humain/surveillance-du-marche/health-professional-
communication%2D%2Dhpc-/archive/dhpc-_-prolia%2D%
2D-denosumab-.html]. The European Medicines Agency did
not recognize this side effect [http://www.ema.europa.eu/
docs/en_GB/document_library/EPAR_-_Assessment_
Report_-_Variation/human/001120/WC500233877.pdf]. In
the USA, an alert has been included in the treatment notice
[https://www.accessdata.fda.gov/drugsatfda_docs/appletter/
2017/125320Orig1s180ltr.pdf], as in other countries. In the
absence of a potent bisphosphonate prescription at
denosumab discontinuation, the frequency of MSCVFs is
common or frequent (≥ 1/100 and < 1/10) applying the
classification of the Council of International Organizations
of Medical Sciences.

The severity of the MSCVFs occurring after denosumab
discontinuation raises the question of its place in the treatment
of osteoporosis. At one extreme, one could conclude that
denosumab is a dangerous drug and should never be used.
However, it is very effective to reduce vertebral and non-
vertebral fracture risk [1–3]. At the other extreme, one could
conclude that denosumab should be given for life and never
discontinued. However, denosumab treatment duration is as-
sociated with increased occurrence of osteonecrosis of the jaw
and atypical femoral fracture [2]. In addition, the longer is the
duration of treatment, the higher is the risk of unplanned
discontinuation.

Although its effect on the MSCVFs risk reduction cannot
be quantified, the prescription of a bisphosphonate at
denosumab discontinuation is mandatory as all published data
suggest a decrease in this risk. Thus, before starting
denosumab, patients should be informed that bisphosphonate
treatment would be necessary at some point, as well as close
follow-up. However, the uncertainties regarding bisphospho-
nates prescription are multiple. First, is a pre-treatment with
bisphosphonate (which one? For how long?) efficacious to
attenuate bone loss, and eventually to avoid theMSCVFs risk,
at denosumab discontinuation? Second, what is the optimal
consolidation treatment with bisphosphonate (which one?
how long? at what dose/frequency) after denosumab

Table 5 What to do in case of vertebral fracture after denosumab
discontinuation: proposals

1. Spine manipulation and vertebro-/kyphoplasty are contraindicated.

2. Perform a broad biological assessment (including serum CTX) and
thoracolumbar MRI.

3. Resume denosumab quickly.

4. Add teriparatide about 1 week later (after checking that CTX are low)
if no contraindication.

5. At teriparatide discontinuation, continue denosumab for one or more
doses (depending of the BMD target).

6. After denosumab discontinuation, initiate a potent bisphosphonate
(according to Tables 3 and 4).
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discontinuation? Third, how to monitor the effectiveness of
bisphosphonates (BTMs and/or BMD? how often? which
values to target?).

The optimal duration of a denosumab treatment is not
known, taking into account both the on-treatment benefits and
the risk after treatment discontinuation. Is this benefit-risk ratio
different depending on the osteoporosis severity, or the patient’s
clinical characteristics? Are there patients who do not have a
rebound effect after denosumab discontinuation? How to iden-
tify them? Which parameters to follow and how often? What
values should be targeted? Some patients may not receive
bisphosphonates because of previous severe side effects. In
these situations, denosumab cannot be stopped by spacing
doses, since the risk ofMSCVFs appears already 7months after
the last injection. One possibility would be to gradually reduce
denosumab doses; however, to date, no experience has been
reported. To limit this risk, it is currently recommended to pre-
scribe a potent bisphosphonate when denosumab is stopped.

Conclusion

After the second denosumab dose, there is a significant re-
bound effect at the time of discontinuation, manifesting as a
loss of BMD and a risk of MSCVFs. To limit this risk, it is
currently recommended to prescribe a potent bisphosphonate
when denosumab is stopped. Close and regular biological and
clinical monitoring is required for approximately 2 years.
However, no validated strategy exists. Pending these valida-
tion studies, and since the risk of MSCVFs is common and
serious, denosumab should be a second-line treatment limited
to specific indications, as is the case in some countries.
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