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Abstract
Introduction Case reports of women sustaining multiple vertebral fractures (VF) soon afterdenosumab discontinuation are
accumulating.
Methods We report a woman with five new vertebral fractures in ~8 months following discontinuation of long-term odanacatib
(ODN), an experimental cathepsin K inhibitor.
Results DXA examination demonstrated an ~12% decline in bone mineral density (BMD) and ~9% decline in trabecular bone
score (TBS) since ODN discontinuation. Laboratory evaluation did not reveal a secondary cause of bone loss.
Conclusions This case mimics observations following denosumab discontinuation, but, to our knowledge, is the first reported
with ODN and the first documenting substantial decline in TBS. While not directly clinically relevant as ODN is no longer being
developed, this case raises the possibility that a syndrome of multiple vertebral fractures could follow discontinuation of various
potent osteoporosis therapies that produce major BMD increases but do not have persisting bone effects (i.e., all non-
bisphosphonates). Use of antiresorptive therapies to prevent rapid bone loss following discontinuation of potent bone active
agents seems appropriate. Identification of those patients who could be at risk for the multiple VF syndrome is needed.
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Introduction

Case series of women sustaining multiple vertebral fractures
shortly after discontinuing denosumab have recently been report-
ed. [1–5] This phenomenon has been described as Brebound-
associated^ vertebral fractures [3]; however, a recent post hoc
analysis of the pivotal denosumab clinical trial (FREEDOM)
found fracture risk returns to the level prior to treatment initiation,
rather than rebounding to a higher level. [6] Themechanism(s) to
explain this fracture syndrome, and the individuals at risk for its
occurrence, remain to be defined; however, it could be speculated
that this syndrome results from elevated bone remodeling. It is
known that denosumab discontinuation leads to rapid elevation
of bone remodeling markers to values substantially above pre-

treatment levels with associated rapid decline in bone mineral
density (BMD). [7–9] Elevated bone remodeling following res-
olution of anti-resorptive effect could potentially be mediated via
the mechanostat or driven by repair of prior microcrack accumu-
lation. [10, 11] It could be postulated that major remodeling
increases could lead to trabecular perforation with resultant
microarchitectural deterioration. If so, it is plausible that a similar
phenomenon could occur when other bone-active agents that
produce substantial BMD increases but do not have prolonged
skeletal residence are discontinued.Herewe report, to our knowl-
edge, the first such case following discontinuation of odanacatib
(ODN), a selective and rapidly reversible cathepsin K inhibitor.

Case history

A 67-year-old white woman entered an ODN phase III clinical
trial in 2009. Details of the phase III study design and methods
have been published previously. [12] At study baseline, she
related no history of osteoporosis, prior clinical fracture, or
use of bone-active medications. She was taking hydrochloro-
thiazide for hypertension and using calcium + vitamin D
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supplements. She had no history of clinical fragility fracture
and no parental history of hip fracture. At study initiation, her
L1–L4, total femur, and femoral neck BMD values in grams/
cm2 were 1.072, 0.823, and 0.820 yielding T-scores of − 0.9,
− 1.5, and − 1.6 respectively. Her L1–L4 TBS was 1.308 and
her vertebral fracture assessment (VFA) demonstrated mild
T8, T9, and T11 vertebral fractures (Fig. 1a) that were subse-
quently confirmed by spine radiographs (not shown). Her
FRAX-estimated 10-year risk of major osteoporosis-related
fractures was 16% and for a hip fracture 2.1% at that time.
At study baseline, laboratory evaluation including calcium,
creatinine, 25(OH)D, and liver function tests were normal.

She received blinded study drug as part of a placebo-
controlled phase III fracture trial for ODN, an experimental ca-
thepsin K inhibitor in development for postmenopausal osteopo-
rosis. In addition, she received supplemental calcium and
5600 IU/week of vitamin D3 for the study duration. Upon study
termination and unblinding of all subjects, it was determined that
she received ODN 50 mg once weekly from September 2009 to
September 2016 when the clinical trial was discontinued. While
receiving ODN, her L1–L4, FN, and TF BMD increased by
13.3, 8.9, and 10.7% respectively (Table 1). Over the course of
the study, she sustained no clinical fragility fractures.
Additonally, spine radiographs at the time of study conclusion
in September 2016 demonstrated no change in her vertebral frac-
ture status (Fig. 1b). Retrospective lumbar spine trabecular bone
score (TBS) analysis was performed and demonstrated a 10.0%
increase over the course of the study (Table 1). At the time of
study termination, her L1–L4, TF, and FN T-score were + 0.3,

− 0.7, and − 0.7. No osteoporosis treatment was initiated follow-
ing ODN discontinuation.

In January 2017 (approximately 4 months after discontin-
uation of ODN), she developed bronchitis; treatment included
an 11-day tapering schedule of prednisone (maximum dose
40 mg/day). With this illness, she developed back pain fol-
lowing that required narcotics following coughing that ulti-
mately led to spine MRI in February 2017 demonstrating
acute vertebral fractures at T6, T7, T10, and L1. These frac-
tures were treated initially with a Jewett brace; bedrest was not
required. Laboratory evaluation in March 2017 found normal
PTH, TSH, 25(OH)D, serum protein electrophoresis, salivary
cortisol, creatinine, calcium, and alkaline phosphatase.
Teriparatide, 20 mcg subcutaneously once daily, was initiated
on April 20, 2017. BMD and VFA were performed on the
research DXA instrument used for the ODN study in
June 2017. This VFA demonstrated her known vertebral frac-
tures at T6 through 11, L1, and a new vertebral fracture at L3
(Fig. 1c). In ~8 months since following ODN discontinuation,
her L2, L4 BMD, and TBS (L1 and L3 were excluded from
analysis as the vertebral fractures at those levels elevate BMD
results) declined by 11.9 and 9.4% respectively (Table 1).

Discussion

We report a 74-year-old woman whose lumbar spine BMD
and TBS declined by ~ 12 and ~ 9%, respectively, and who
sustained five vertebral fractures in from ~4 to ~8 months

2009 2016 2017a b c

Fig. 1 Vertebral fracture status in this individual over time. At study
baseline, mild vertebral fractures were present on DXA vertebral
fracture assessment at T7, T8, and T9 (1a; white arrows). Spine
radiographs were routinely obtained as part of the study and validated
these three fractures at study initiation (not shown). Radiographs at the
time of study conclusion in September 2016 (1b; prevalent fractures

noted by white arrows) confirmed that no new vertebral fractures
occurred while on odanacatib. Note that for presentation here, the
thoracic and lumbar radiographs were superimposed to make a BVFA-
like^ image. The five new vertebral fractures since odanacatib
discontinuation are noted in 1c (black arrows with white outline)
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following ODN discontinuation. This mimics reports of women
with multiple spontaneous vertebral fractures seen promptly fol-
lowing denosumab discontinuation, [1, 3] but, to our knowledge,
is the first case reportedwith ODN. This is perhaps not surprising
as the BMD increases reported with ODN, and rapid loss follow-
ing treatment discontinuation, are similar to those observed with
denosumab. [13] Similarly, an overshoot of bone remodeling
markers has been reported when ODN is discontinued. [14]

This is the first case documenting rapid decline in TBS
associated with the multiple vertebral fracture syndrome.
The possibility that rapid microarchitectural deterioration
could contribute to a syndrome of multiple vertebral fractures
has previously been challenged. [15] However, the rapid ac-
celeration of bone resorption, with concomitant rapid bone
mass loss, could hardly be expected not to be associated with
rapid loss of bone strength. Given the much greater remodel-
ing surface in cancellous versus cortical bone, it could be
expected that the major structural consequences would occur
in the vertebrae. Recognizing that TBS is not a direct assess-
ment of bone microarchitecture but rather an assessment of
bone texture, it is nonetheless widely considered a surrogate
for bone microarchitecture. [16, 17] The rapid and substantial
decrease in TBS following ODN discontinuation directly sup-
ports the hypothesis that this syndrome occurs, at least in part,
due to microarchitectural deterioration. It seems likely that a
similar phenomenon occurs following denosumab discontin-
uation; further evaluation of architectural changes following
discontinuation of bone-active therapies that do not have a
persisting effect is indicated.

While the occurrence ofmultiple vertebral fractures follow-
ing ODN discontinuation is not directly relevant as this med-
ication is no longer being developed for clinical use, this case
raises the possibility that a syndrome of multiple vertebral

fractures could promptly follow discontinuation of various po-
tent osteoporosis therapies that produce major BMD increases
but do not have persisting bone effects (i.e., all non-
bisphosphonates) in a subgroup of individuals. Given the im-
perfect long-term adherence with osteoporosis medications,
discontinuation is not rare. [18, 19] Further study to facilitate
identification of those at risk for multiple vertebral fractures is
needed. Indeed, a recent systematic review attempted to identify
clinical and imaging findings associated with increased verte-
bral fracture risk after denosumab discontinuation. [3] In that
review, one-third of patients had prior vertebral fractures, as did
our patient reported here. Other potential risk factors include
absence of prior osteoporosis treatment and aromatase inhibitor
therapy. [3] It is apparent that further work is need to define the
phenotype of at risk individuals; if this can be clarified, initia-
tion of bisphosphonate or other anti-resorptive therapy at the
time of osteoporosis treatment discontinuation to prevent/blunt
the increase in bone remodeling seems reasonable.

An apparent limitation of this case report is the absence of
bone remodeling marker measurements. Unfortunately, this
individual is not within the healthcare system of the research
team; as such, bone turnover markers could not be obtained.
Additionally, it should be noted that she did receive a brief
course of prednisone therapy; however, given the relatively
short duration, it is unclear if/how this contributed to the de-
velopment of her multiple vertebral fractures.

In conclusion, we report a woman who sustained five ver-
tebral fractures within 8 months of ODN discontinuation dur-
ing which time lumbar spine BMD and TBS dramatically
declined. We infer that the rapid increase in bone remodeling
fo l lowing d i scon t inua t ion o f ODN resu l t ed in
microarchitectural deterioration contributing to her multiple
subsequent fractures. That this vertebral fracture syndrome

Table 1 BMD and TBS change with ODN treatment and discontinuation

9/17/09 9/17/10 9/20/11 9/13/12 10/2/13 9/23/14 9/29/15 9/26/16 6/6/17

L1–L4 BMD 1.072 1.096 1.140 1.152 1.141 1.177 1.149 1.215 1.211

L1–L4 BMD % change 0.0 2.2 6.3 7.5 6.4 9.8 7.2 13.3 13.0

L1–L4 TBS 1.308 1.331 1.386 1.374 1.352 1.375 1.292 1.439 1.299

L1–L4 TBS % change 0.0 1.8 6.0 5.0 3.4 5.1 − 1.2 10.0 − 0.7

Left FN BMD 0.820 0.824 0.848 0.873 0.872 0.882 0.879 0.938 0.891

Left FN % change 0.0 0.5 3.4 6.5 6.3 7.6 7.2 8.9 8.7

Left TF BMD 0.823 0.830 0.854 0.874 0.878 0.890 0.886 0.915 0.891

Left TF % change 0.0 0.9 3.8 6.2 6.7 8.1 7.7 10.7 8.3

Excluding L1 and L3 to exclude confounding effect of new vertebral fractures on BMD and TBS

L2–4 (L3) BMD 1.256 1.107

L2–4 (L3) BMD % change 0.0 − 11.9

L2–4 (L3) TBS 1.457 1.320

L2–4 (L3) TBS % change 0.0 − 9.4

FN femoral neck, TF total femur

The italicized text highlights percent change
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occurs with two classes of bone-active anti-resorptive medi-
cations raises the possibility that it could occur with other
osteoporosis therapies. As this multiple vertebral fracture syn-
drome is likely uncommon, clinicians are advised to be aware
of the possibility of this syndrome and report cases when
observed. The clinical profile increasing risk for this syn-
drome needs to be clarified. Until the phenotype of those at
risk for multiple vertebral fractures is determined, use of anti-
resorptive therapies to prevent rapid bone loss following dis-
continuation of potent bone-active agents without long-term
skeletal residence, with close monitoring to document preser-
vation of BMD, seems appropriate.
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