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A B S T R A C T

Denosumab discontinuation has been associated with increased risk of rebound-associated multiple vertebral
fractures. We report the cases of three patients, two females and one male, who had manifested rebound-as-
sociated vertebral fractures after denosumab discontinuation and sustained new vertebral fractures a few months
later. Two of the patients had been previously treated with bisphosphonates. Patients discontinued denosumab
after 2 to 8 years of treatment. One of the female patients was receiving prednisolone 7.5 mg daily for an
unspecified connective tissue disorder and the male patient methylprednisolone 8 mg daily for dermatomyositis.
We hypothesize that rebound-associated multiple vertebral fractures after denosumab discontinuation may
occur, at least in some cases, sequentially instead of simultaneously. Our cases further underpin the need for
prompt initiation of potent antiresorptives in patients who sustained rebound-associated vertebral fractures, in
order to prevent not only bone loss but also a second round of fractures.

1. Introduction

Denosumab is the most potent antiresorptive agent available,
causing substantial decrease of bone turnover which leads to continued
increases of bone mineral density (BMD) and decreases of fracture rates
at all sites for as long as treatment is administered (Bone et al., 2017;
Anastasilakis et al., 2018). However, denosumab discontinuation re-
sults in a rapid, profound increase of bone resorption (Anastasilakis
et al., 2017a) which has been associated with increased risk of rebound-
associated multiple vertebral fractures (RAVFs) (Anastasilakis et al.,
2017b; Cummings et al., 2018) occurring only a few months following
the omission of the last denosumab injection. We report herein three
patients from everyday clinical practice who suffered RAVFs in two or
more different time points following denosumab discontinuation. In-
formed consent was obtained from all three patients for publication of
their case reports and accompanying images.

2. Cases

2.1. Patient 1

This patient is a postmenopausal woman, 71-years old at baseline,
who received denosumab treatment on January 2012 following an al-
lergic reaction to the first pill of alendronate, practically being treat-
ment-naïve. At baseline she had a lumbar spine (LS) bone mineral
density (BMD) T-score of −4.0, but was otherwise apparently healthy,
with no clinical symptoms or evidence of a prevalent vertebral fracture
in conventional X-rays. Her body mass index was 22.9 kg/m2, and she
was not taking any concurrent medication. She received denosumab
injections every 6 months for eight consecutive years (last injection on
January 2019). Her LS BMD T-score at that time was −3.6. She dis-
continued treatment following her dentist's advice due to a pain in the
lower jaw. In September 2019, eight months after the last denosumab
injection, she experienced a sharp back pain and magnetic resonance
imaging (MRI) revealed a Grade 2 fracture at T11 (Fig. 1, panels A and
B). Patient remained off-treatment waiting for dental evaluation when,
in November 2019, she experienced a new sharp back pain and sub-
sequent X-rays showed a new Grade 1 fracture at L3 (Fig. 1, panel C).
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Secondary causes of fracture, such as multiple myeloma, bone metas-
tases, celiac disease, and mastocytosis, were ruled out and the patient
resumed denosumab treatment.

2.2. Patient 2

A postmenopausal woman initiated denosumab treatment on
February 2017 at the age of 76, after a 5-year course with ibandronate.
The patient had a prevalent fracture at L2 and was receiving pre-
dnisolone 7.5 mg daily for an unspecified connective tissue disorder.
BMD T-score at baseline is not available. She received denosumab for
2 years (last injection in August 2018) and experienced a sudden sharp
back pain after lifting weight in April 2019 (8 months after the last
injection). A Grade 3 fracture at T12 was identified in MRI. She re-
mained off-treatment by choice as she was grieving the loss of her
husband, and on January 2020 (17 months after the last injection) she
experienced back pain again, while standing, with no apparent cause.
New fractures, Grade 2 at T8, L1, L5 and Grade 3 at T7, and a dete-
rioration of the fracture at L2 were shown in CT imaging (Fig. 1, Panel
D). The dose of prednisolone was invariable throughout the treatment

with denosumab and its off-treatment period. Other secondary causes of
fractures were ruled out. The patient was again set on denosumab.

2.3. Patient 3

The 3rd patient is a 53-year old male who had been previously
treated with alendronate for three years. The patient had dermato-
myositis treated with 8 mg of methylprednisolone daily. At baseline his
body mass index was 27.8 kg/m2 and he had no clinical symptoms or
evidence of a prevalent vertebral fracture in conventional X-rays.
Having a BMD T-score of −3.2 at the left femoral neck despite treat-
ment, he was switched to denosumab for three years from 2011 up to
2014. After that, patient decided to discontinue treatment and sus-
tained a Grade 2 fracture at L1 (Fig. 1, panel E). Denosumab was re-
initiated for another year, when a delay of three months in the next
injection resulted in two new Grade 2 RAVFs at L3, and L5, and two
Grade 1 RAVFs at L2, and L4 (Fig. 1, Panel F). As in patient 2, the dose
of methylprednisolone was stable throughout the denosumab treatment
and during the off-treatment period and other secondary conditions
predisposing to fractures were ruled out. Denosumab was reinstated

Fig. 1. 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 timepoint fracture at
L1 (Panel E) and the additional fractures at L2, L3, L4, and L5 at the second timepoint in patient 3 (Panel F).
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once more until November 2019 when a new two-month delay in the
injection resulted in an additional Grade 2 fracture at T11.

3. Discussion

Herein we report three patients who discontinued denosumab after
2 to 8 years of treatment and sustained rebound-associated vertebral
fractures sequentially in two or more different timepoints following
discontinuation. Another similar case has very recently been reported
(Niimi et al., 2020). Given the above incidences, we hypothesize that
rebound-associated multiple vertebral fractures after denosumab dis-
continuation may occur, at least in some cases, sequentially and not at
the same time, especially if osteoporosis treatment is not resumed. A
second round of fractures had already been reported in such patients
who had being subjected to vertebroplasty at the initially fractured
vertebrae (Anastasilakis et al., 2017b). This had been attributed to the
increased compressing forces exerted upon the previously normal ver-
tebrae by their neighboring cemented vertebrae (Anastasilakis et al.,
2017b). Taking all together, it seems that the suddenly and profoundly
weakened skeleton, by the abrupt increase of bone turnover following
denosumab discontinuation, remains prone to fractures for a long
period of time and the event of an initial fracture does not necessarily
mark the “peak” of fragility as even more fractures can be expected.

This could be of clinical importance, highlighting once more the
need for prompt treatment re-initiation as soon as the first incident
occurs to avoid the next “wave” of fractures. In this aspect, bispho-
sphonates are recommended by experts (Tsourdi et al., 2017) although
the optimal regimen and treatment duration remain largely unknown.
Up to now alendronate (Freemantle et al., 2012) and zoledronate
(Anastasilakis et al., 2019) have shown to fully maintaining BMD gains
achieved during denosumab treatment although a partial efficacy of
zoledronate and lesser of risedronate have been reported in other stu-
dies (Everts-Graber et al., 2020; Reid et al., 2017; Lehmann and Aeberli,
2017; Horne et al., 2018). However, among the antiresorptive agents,
denosumab achieves the most rapid reduction of bone turnover, being
evident already within the first 12 h and reaching a nadir at about
1 month (Bekker et al., 2004). Therefore, from a pharmacokinetic point
of view, denosumab re-initiation might be more appropriate in these
cases of rebound-associated vertebral fractures, where an immediate
reinstatement of an antiresorptive effect is urgently needed, although
this cannot be universally expected in all cases as a recent case report
has shown (Niimi et al., 2020). On the other hand and according to
current limited evidence, zoledronate infusion may also prevent the
rebound-vertebral fractures following denosumab discontinuation
(Anastasilakis et al., 2019; Everts-Graber et al., 2020); however, these
studies had BMD rather than fractures as primary end-point. Therefore,
at this time it is difficult to draw conclusions about the potential of
zoledronate to prevent RAVFs. In this regard, the use of bone turnover
markers has been proposed as a valid approach of defining the most
effective time-point to start treatment with zoledronate (Everts-Graber
et al., 2020; Reid et al., 2017; Lehmann and Aeberli, 2017; Horne et al.,
2018). However, a trial designed to test this hypothesis has shown that
zoledronate did not fully prevent BMD loss in patients treated with
denosumab for a mean of 4.6 years, regardless if it was given at
6 months or at 9 months after the last denosumab injection or when
bone turnover markers increased above a prespecified limit (Sølling
et al., 2019). Furthermore, zoledronate deterrent effect on RAVFs has
not been tested yet in cases who already sustained an initial fracture
event(s).

Unfortunately, we do not have available serum samples to measure
bone turnover markers during the course of our patients. It is a fact that
case reports provide the lowest level of evidence. Therefore, these may
be simply cases of patients with severe osteoporosis who would have
fractured anyway or we may be missing a yet unknown key factor
acting together with the rebound effect on bone turnover and main-
taining a high fracture risk in patients experiencing RAVFs. The fact

that one vertebral fracture predisposes to the next is a well-established
knowledge (Black et al., 1999) and could just indicate compromised
bone strength irrespective of denosumab discontinuation. However, the
short interval between the sequential fractures in our cases could be
indicative of the abrupt and profound deterioration of bone status that
usually characterizes patients who discontinue denosumab. Prospective
cohort studies are needed to prove or reject whether resuming deno-
sumab is the most favorable choice in patients that have sustained
fractures following its discontinuation. In any case and for the time
being prompt initiation of potent antiresorptives is of paramount im-
portance in patients who sustained rebound-associated vertebral frac-
tures after discontinuing denosumab.
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