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ABSTRACT
A rebound of osteoclast activity during the 2 years after a treatment or prevention of osteoporosis with denosumab (Dmab)
leads to an increased risk of vertebral fractures (VFs). We attempted to identify the risk factors for these VF and to examine
the protective role of bisphosphonates. For that, 22 specialists in Switzerland provided data of unselected patients, treated with
denosumab for osteoporosis or breast cancer without metastases under aromatase inhibitors, who have received at least two
injections of Dmab, with at least 1 year of follow-up after discontinuation. The questionnaire covered separately the periods
before, during, and after Dmab treatment, and registered clinical, radiological, and lab data. For the analysis of the risk factors,
the main outcomes were the time to the first VF after the treatment, the presence of multiple VFs (MVFs), and the number of VFs.
The incidence of VF was 16.4% before, 2.2% during, and 10.3% after the treatment with Dmab. The risk of VF after Dmab discon-
tinuation was associated with an increased risk of non-vertebral fractures. The pretreatment predictors of the post-treatment
fracture risk were a parental hip fracture and previous VFs. Further risk factors appeared later, such as low total hip bone mineral
density (BMD) during and after denosumab, increased bone resorption markers, and the loss of total hip BMD after the denosu-
mab. Treatment with bisphosphonates, especially after Dmab, had a protective effect. Bisphosphonates given before Dmab did
not further decrease the risk of VF in cases who got bisphosphonates after Dmab. This study shows that the risk of VF is poorly
predictable before the prescription of denosumab. But during and after the treatment, bone resorption markers and BMD have a
significant predictive value. Bisphosphonates after the treatment with denosumab are protective against VFs. © 2021 The
Authors. Journal of Bone and Mineral Research published by Wiley Periodicals LLC on behalf of American Society for Bone and
Mineral Research (ASBMR).
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Introduction

Denosumab discontinuation results in a rebound activity of
osteoclasts, characterized by an increase in bone turnover

markers (BTMs) and a resulting loss of bone mineral density
(BMD). Approximately 6 months after the last denosumab injection,
BTMs increase rapidly, exceeding baseline values and remaining
high before returning to baseline values approximately 30 months
after the last injection. BMD gains are lost accordingly with a return
to pretreatment baseline values, sometimes incompletely,

sometimes even below, 1 to 2 years after stopping denosumab.(1-5)

5) The reversibility of this rebound effect was confirmed by the re-
increase of BMDwhen denosumabwas given again,(1) and by a his-
tomorphometric study showing that after 2 years, womenwho dis-
continued denosumab had similar levels of bone remodeling
compared with untreated postmenopausal women.(6)

This rebound effect is associated with an increased risk of frac-
ture. Initially, a post hoc analysis of the FREEDOM phase 3 trial
reported a comparable incidence of the rate of vertebral frac-
tures (VFs) in women who discontinued denosumab or
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placebo.(7) However, the observation time was rather short with
a median duration of 14 months after the last denosumab
injection.

In 2016 reports appeared in the literature of several cases with
multiple VFs (MVFs) after denosumab discontinuation in Switzer-
land and in Greece.(5,8-10) Since 2017, multiple case series from
Switzerland, Greece, Spain, and Israel confirmed the risk of MVFs
after denosumab discontinuation.(11-16) An observational study
of 84 women showed that 11.9% of them had at least one VF,
and 7.1% of them at least two FVs, within 18 months after the
last denosumab injection.(3) In another observational study of
38 women with the same follow-up duration, the risk was
10.5% for at least one VF and 2.6% for MVFs.(4) In the thorough
analysis of the FREEDOM and FREEDOM Extension trials, 1001
patients discontinuing denosumab or placebo were followed
for 9 to 12 months after the last denosumab injection.(17) The
estimated annualized risk of VFs after discontinuation was similar
in the denosumab and the placebo groups, 7.1% and 8.5%,
respectively. Yet, a significantly higher proportion of patients suf-
fered MVFs after denosumab (60.7%) than after placebo (38.7%)
discontinuation. In a review of publications including 70 women
with MVFs after denosumab discontinuation, the median num-
ber of VFs was 5, occurring 7 to 20 months (median 11) after
the last denosumab injection.(18) The true incidence of MVFs
after denosumab discontinuation is not known because of the
types of studies published, the short follow-up duration,(3,4,17)

and the fact that some of the patients were treated previously
with bisphosphonates and/or received an osteoporosis treat-
ment after denosumab discontinuation.(3,4,17,18) Almost all of
the fractures described after denosumab discontinuation are
VFs. But recently, hip fractures have been reported as well.(19)

The question, whether specific factors characterize the patients
whopresented vertebral fractures after treatmentwith denosumab,
was discussed in several publications. Previous VFs, a high number
of denosumab injections, a smaller gain in hip BMD during treat-
ment, and greater loss of hip BMD after denosumab discontinua-
tion were identified as risk factors for VFs after denosumab
treatment.(9,11,17) Vertebroplasty seem to increase the risk for further
VFs shortly after the procedure.(9,13-16) Prescribing a bisphospho-
nate before starting denosumab was recommended for reducing
the risk of VFs after denosumab discontinuation, but this remains
controversial.(13,20,21)

It was also proposed that denosumab should not be discon-
tinued without consideration of other antiresorptive ther-
apy.(18,22) In this context, bisphosphonates are most often
recommended. However, cases of MVFs have been reported in
patients who received ibandronate or alendronate after stop-
ping denosumab.(21,23)

Predisposing as well as protective factors for VFs after denosu-
mab discontinuation are not well known. Because their elucida-
tion requires a large number of patients, we decided to
conduct a national survey to try to fill this knowledge gap and
to devise preventive measures.

Materials and Methods

Selection and survey of patients

For this retrospective chart-review study, we attempted to con-
tact all physicians in Switzerland specialized in bone diseases
and osteoporosis. We identified 39 specialists, among whom
22 of the three linguistic regions of Switzerland agreed to partic-
ipate. The five university hospitals and most of the major centers

participated. The inclusion criteria were: (i) postmenopausal
women with osteoporosis or women with breast cancer without
metastases undergoing adjuvant therapy with aromatase inhib-
itors, (ii) who received at least two injections of denosumab,
and (iii) who ended denosumab therapy with at least 1 year of
follow-up after the last dose. The exclusion criteria were treat-
ment with corticosteroids for more than 3 months, cancer dis-
ease with metastases, existing documents stating that the
patient declined participation in observational studies, and insuf-
ficient data collected.

Our questionnaire was divided in three parts covering three
periods: the first period (before the first denosumab injection);
the second one (during denosumab treatment, starting with
the first injection of denosumab and ending 6 months after the
last injection); and the third one (after, starting 6 months and
ending 30 months after the last injection of denosumab). The
questionnaire addressed the following information for all three
periods: age, risk factors for osteoporosis, vertebral and nonver-
tebral fractures, BMD and trabecular bone score (TBS), markers
of bone turnover (BTMs), and treatments for osteoporosis with
dates of beginning and end. Women receiving a bisphosphonate
in the rebound period only after the occurrence of a VFwere clas-
sified as not receiving a bisphosphonate after denosumab
discontinuation.

The treatment with denosumab was described by the dates of
beginning and end, the number of injections, and the reasons for
interruption.

The primary objectives of this survey were: (i) to describe the
incidence of VFs, of multiple fractures (MVFs), and the number
of vertebral fractures (NVF) after denosumab discontinuation;
and (ii) to identify associated risk/protective factors (collected
during each of the three periods) for VFs, MVFs, and NVFs. The
secondary objective was to describe the evolution of BMD, TBS,
and BTMs during the three periods.

In some centers part of the data were collected by two medi-
cal students who had access to the records of patients, which
were selected by the physicians. Each physician was encouraged
to include all patients corresponding to the inclusion criteria but
was free to choose all or a subset of the patients of his or her
practice.

Data management and security

The data were collected on an online questionnaire and stored
on a SPHINX server by the ESOPE (Enquêtes de Satisfaction et
d’Opinion des Patients et Employés) team, specialized in carrying
out surveys in various fields within the Center for Primary Care
and Public Health, University of Lausanne, Switzerland
(Unisanté). The SPHINX server is located at the University Hospi-
tal, Lausanne, Switzerland CHUV and meets the ISO 27005 and
ISO 27001 standards. It is only accessible by the ESOPE team,
which meets the ISO 9001:2015 certification. After the data col-
lection, the ESOPE team produced an export in CSV, then
encrypted the unique IDs with a dedicated Python script. Once
the data set was de-identified, it was securely (Opentrust MFT)
transferred to the main researcher for analysis.

Markers of bone resorption

The values of the bone turnover markers were recorded for each
of the three periods. The results were given in absolute values,
and the upper limit of the norm for premenopausal women
was indicated. Ninety percent of bone resorption markers were
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measured as beta C-terminal telopeptides; the remaining 10%
were deoxypyridinoline cross-links, amino-terminal telopep-
tides, and exceptionally hydroxy-proline excretion. Because ref-
erence values may differ between markers and laboratories, we
expressed all the results in percent of the upper premenopausal
normal limit.

Bone mineral density

BMD was measured at lumbar spine, total hip and femoral neck
by dual-energy X-ray absorptiometry (DXA). The study recorded
a first DXA performed during the 12 months before or the first
3 months after the first denosumab injection. The second DXA
was recorded before the end of treatment with denosumab,
and the third DXA was recorded between 18 and 36 months
after the last denosumab injection. These examinations were
performed on different DXA machines (70% Hologic [Marlbor-
ough, MA, USA], 30% Lunar [GE Healthcare Lunar, Madison, WI,
USA]). To pool the results, all BMD values were expressed as T-
scores, and the BMD changes were expressed in percent of T-
scores. This corresponds to standard practice in the literature
(eg, references(1–3, 6, 7, 13, 17, 24–26)).

Fractures

The occurrences of VFs, fractures of femoral neck, pelvis,
humerus, wrist, and at least three ribs were recorded during each
of the three study periods. The diagnosis of VF was determined
on the basis of radiographic evidence by standard X-ray, MRI,
or vertebral morphometry obtained by DXA. VFs on DXA were

defined according to the semiquantitative method developed
by Genant(27) as a decrease of at least 20% in vertebral height.
We used the term “multiple vertebral fractures” (MVFs) in the
presence of 2 or more VFs. Hip fractures include fractures of
the femoral neck and intertrochanteric fractures.

Funding and ethical considerations

The principal investigator, PB, received an unrestricted grant
from Amgen. The total amount of the grant was used to pay:

Fig. 1. Evolution of bone mineral density (BMD) and trabecular bone score (TBS).
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Fig. 2. Incidence of vertebral and non-vertebral fractures in % (and num-
ber of cases), reported in the total group of 797 patients.
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(i) the Biostatistics Consulting Unit of Unisanté (Lausanne, Swit-
zerland) for the database and the statistical analysis; (ii) twomed-
ical students who collected part of the data; (iii) a fixed amount
to participating physicians or students for each patient included;
(iv) cost for the statistical support and administrative costs.

The study was approved by the Research Ethics Committee of
the Canton de Vaud (protocol number 2018-00978).

Statistical methods

Data analysis was performed using the Stata Software (version
15, 2017, Stata Corp, College Station, TX, USA). Data summary
quality (unusual values, consistency, etc.) and completeness
(missing values) were checked using individual plots (box plot,
qq-plot, histograms). Continuous variables were summarized as
mean (SD) and categorical variables as numbers (percent). The
rebound effect after stopping treatment was evaluated using
three main outcomes: (i) the time (months) to the first VF,
(ii) presence of MVFS (yes, no), and (iii) the number of VFs
(NVFs; counts). Cox proportional regression, logistic regression,
and negative binomial regression were used, respectively, to
assess the association between risk factors (age, body mass
index [BMI], weight, previous fractures, bisphosphonate pre-
scription, resorption markers, etc.) and the outcomes, using uni-
variable and multivariable analyses. The strength of associations
for the three models was measured, respectively, using the haz-
ards ratio (HR), the odds ratio (OR), and the incidence rates ratio
(IRR), and their significance was assessed by the corresponding
p value. Potential interactions were tested and the form of rela-
tionships between continuous variables and outcomes was
tested using fractional polynomial models (plausibility of the lin-
earity assumption). Significant predictors (p value <0.2) as well as
potential confounders from univariable analyses were included
into a backward selection procedure to fit a multivariate model.
Standard diagnostic tools were used to check the goodness of
fit for each fitted model.

The evolution of BMD, TBS, and BTMs during the three periods
were analyzed using a linear mixed-effects model.

Analysis included only patients for which there are no missing
data on the variables of interest (complete case analysis).

Results

The questionnaires were collected from January 17 to November
15, 2019, when the number of patients exceeded 800 and the
return became slow. Of the 861 returned questionnaires, 64 had
to be excluded because of incomplete data. Thus, 797 female
patients were included: Their mean age was 65.3 years (SD = 9.2),
mean weight 60.2 kg (SD = 10.7), and mean BMI 23.1 kg/m2

(SD = 4.0); 134 had breast cancer.
The BMD was below �2.5 T-score at the lumbar spine in 63%

and at the femoral neck in 31%.
The average number of denosumab injections given was 5.9

(range 2 to 20) per patient, the average duration of the treatment
was 35 months (5 to 120), and the average follow-up after deno-
sumab discontinuation was 27.5 months (SD = 15.5).

The decision to discontinue the denosumab treatment was
taken more often by the physician (61.5%) than by the patient
(35.4%) or the dentist (4.3%). The reasons most often invoked
were a sufficient increase in BMD (31.9%), the occurrence of side
effects (10.0%, one-third corresponding to musculoskeletal
pain), the completion of a course of aromatase inhibitors (6.1%
essentially in patients with breast cancer), unsatisfactory thera-
peutic effectiveness (4.9%), or low compliance (2.4%).

BMD lumbar spine T-score increased significantly by 26% in
average (p < 0.001) during denosumab treatment (measured
36 months on average after the first injection) and decreased sig-
nificantly (p < 0.001) by 12.4% thereafter (measured 20 months
on average after the last denosumab injection). The correspond-
ing changes of BMD T-scorewere+11.9% and –6.3% at the femo-
ral neck, and+17.3%and�12.4%at the total hip (p for all <0.001).

Fig. 3. Incidence of vertebral fractures (VFs) 6 to 30 months after the last injection of denosumab (215 VFs in 82 patients).
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TBS improved significantly by 3.6% (p < 0.001) during denosu-
mab and did not decline after discontinuation. When only the
results from patients who had TBS measurements in all three
periods were included (n = 95), the results were very similar
(TBS-1 = 1.221; TBS-2 = 1.271; TBS-3 = 1.287; increase by 4.1%
[p < 0.0001] during denosumab). TBS in period 3 was not signifi-
cantly different from TBS in period 2 (p= 0.075) (Fig. 1).

Vertebral fractures

Vertebral fractures were identified by their clinical symptoms
and confirmed by MRI in 70% and by X-rays in 29%. In 1 case,
the VF was discovered on an X-ray.

Before denosumab treatment, 131 women (16.4%) had 243 VFs.
During denosumab treatment (over an average of 35 months),
18women (2.2%, 0.75%/year) had 31 VFs. After the denosumab dis-
continuation, between 6 and 30 months after the last injection,
82 patients (10.3%, 4.1%/year) presented one or more VFs, alto-
gether 215 VFs, ie, an average of 2.6 per patient (1 to 5) (Figs. 2
and 3). Among fractured patients, 69.5% had MVFs. The first VF
occurred on average 13 months (median 12.0) after the last deno-
sumab injection, and 75% of VFs occurred between 6 and
15 months after the last denosumab injection. The fractures con-
cerned all vertebrae, from D1 to L5, with the same distribution
before initiation and after discontinuation of denosumab. D12 and
L1 were the vertebrae most often fractured before and after deno-
sumab (Fig. 4). The patients with breast cancer did not present sig-
nificantly more VFs after denosumab discontinuation than the
patients who had no breast cancer.

Non-vertebral fractures

Non-vertebral fractures occurred before the treatment with
denosumab in 162 patients (20.3%), during the treatment in
25 patients (3.1%), and after the treatment in 16 patients
(2.0%) (Fig. 2).

Risk factors

In search of factors that influence significantly the risk of VF in
the rebound period, the 82 patients with VFs within 30 months
after denosumab discontinuation were compared with the
715 patients who did not have VFs during this period by Cox pro-
portional hazards model.

All data were tested in univariate and multivariate analyses, and
results are summarized in Tables 1, 2, and 3. Patients with VF did
notdiffer frompatientswithoutVFafterdenosumabdiscontinuation
in terms of age, alcohol consumption, tobacco use, or diseases
known as risk factors for osteoporosis, such as rheumatoid arthritis,
diabetes mellitus, chronic renal failure, and chronic inflammatory
bowel disease. The number of denosumab injections had no signifi-
cant influenceonVFsoccurrence in the reboundperiod.Parentalhip
fracture was significantly associated with the risk of VFs (HR= 2.13,
p= 0.006, Table 1) and with MVFs (OR= 2.25, p= 0.02, Table 2) in
the rebound period but not with the risk of NVFs.

The role of fractures

VFs before denosumab treatment were significantly associated
with the risk of VFs (HR = 1.91, p = 0.007) and of MVFs
(OR = 1.89, p = 0.04) after denosumab discontinuation but not
with the number of fractures (IRR= 1.46, p= 0.31). The incidence
of fractures occurring during the denosumab treatment was low
and was not included in the statistical analysis. VFs were

increased in patients who experienced non-vertebral fractures
(HR = 3.38, p = 0.008 and for MVFs OR = 6.15, p = 0.001) after
denosumab.

The role of bone mineral density

The role of bonemineral density is indicated in Tables 1, 2, and 3.
BMD at any site before denosumab initiation was not associated
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Fig. 4. Distribution of vertebral fractures over the vertebral column
before, during, and after denosumab treatment.
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with the risk of VF after denosumab discontinuation. A higher
total hip BMD during denosumab treatment predicted a
decreased risk of VFs (HR = 0.61, p = 0.004), MVFs (OR = 0.50,
p= 0.002), and NVFs (IRR= 0.52, p= 0.009) after denosumab dis-
continuation. A higher total hip BMD after denosumab treatment
was significantly associated with a decreased risk of VFs
(HR= 0.72, p= 0.03) and MVF (OR= 0.62, p= 0.012) after deno-
sumab discontinuation. A higher femoral neck BMD after deno-
sumab treatment was also associated with a decreased risk of
MVFs and NVFs after denosumab discontinuation.

We analyzed the influence of changes in BMD on the three
sites between periods 1 (before denosumab), 2 (during denosu-
mab), and 3 (after denosumab). The percent loss of BMD at the
total hip between periods 2 and 3 after denosumab

discontinuation was associated with the risk of VFs during the
rebound period (OR = 2.25, p = 0.05).

The role of bone resorption markers

Higher levels of bone resorption markers before the treatment
with denosumab were associated with a significantly higher
risk of MVFs (OR = 3.164, p = 0.034), while similar trends
regarding the risk of VFs or NVFs did not meet statistical signif-
icance. On the other hand, when measured after denosumab
discontinuation, bone resorption makers had a strong predic-
tive value with respect to VFs, MVFs, and NVFs (all with
p ≤ 0.001).

Table 1. Factors Associated With the Risk of a First Vertebral Fracture (VF) After Denosumab Discontinuation

Factor
No VF in period 3
mean (SD) or n (%)

VF in period 3
mean (SD) or n (%)

Univariate analysis Multivariate analysis

HR p Value HR p Value

Total 715 (89.7%) 82 (10.3%)
At denosumab initiation (period 1)

Age (years) 65.27 (9.13) 65.89 (10.03) 1.01 0.64
Body mass index (kg/m2) 23.08 (3.96) 23.69 (4.36) 1.04 0.20
Weight (kg) 60.01 (10.59) 63.04 (11.47) 1.03 0.17 1.04 0.001
Breast cancer 117 (16.36%) 17 (20.73%) 1.43 0.19
Parental hip fracture 83 (11.62%) 17 (20.73%) 2.13 0.006
T-score lumbar spine �2.53 (0.99) �2.58 (0.88) 0.98 0.92
T-score total hip �1.74 (0.76) �1.89 (0.76) 0.76 0.15
T-score femoral neck �2.05 (0.75) �2.15 (0.86) 0.81 0.28
Bone resorption markersa 0.76 (0.45) 0.89 (0.57) 1.62 0.30
Previous vertebral fracture 131 (18.32%) 27 (32.93%) 1.91 0.007 2.49 0.01
Previous non-vertebral fracture 141 (19.72%) 21 (25.61%) 1.38 0.21
Previous bisphosphonates 355 (59.66%)b 24 (34.78%)c 0.35 <0.0001

During denosumab treatment (period 2)
No. of denosumab doses 5.92 (3.16) 5.84 (3.30) 1.00 0.96
Duration of denosumab
treatment (months)

35.02 (18.94) 34.45 (19.12) 1.00 0.92

Vertebral fractures 17 (2.38%) 1 (1.22%) 0.58 0.59
Non-vertebral fractures 22 (3.08%) 3 (3.66%) 1.22 0.73
T-score lumbar spine �1.88 (1.13) �1.89 (0.89) 1.00 0.98
T-score change period 2–1 0.70 (0.62) 0.68 (0.39) 1.02 0.91
T-score total hip �1.42 (0.84) �1.75 (0.72) 0.61 0.004 0.39 0.001
T-score change period 2–1 0.29 (0.37) 0.21 (0.31) 0.46 0.16
T-score femoral neck �1.80 (0.78) �1.92 (0.78) 0.81 0.29
T-score change period 2–1 0.22 (0.44) 0.28 (0.55) 1.33 0.43

After denosumab treatment (period 3)
T-score lumbar spine �2.12 (1.17) �2.37 (1.02) 0.87 0.24
T-score change period 3–2 �0.25 (0.64) �0.39 (0.71)) 0.80 0.28
T-score change period 3–1 0.41 (0.62) 0.26 (0.70) 0.79 0.32
T-score total hip �1.63 (0.80) 1.88 (0.84) 0.72 0.033
T-score change period 3–2 �0.18 (0.43) �0.08 (0.38) 2.25 0.046
T-score change period 3–1 0.12 (0.35) 0.11 (0.42) 1.00 0.99
T-score femoral neck �1.91 (0.75) �2.15 (0.74) 0.65 0.015
T-score change period 3–2 �0.10 (0.42) �0.15 (0.30) 0.87 0.73
T-score change period 3–1 0.10 (0.40) 0.02 (0.40) 0.74 0.40
Bone resorption markersa 0.66 (0.64) 1.28 (1.19) 1.78 <0.0001
Non-vertebral fractures 11 (1.54%) 5 (6.10%) 3.38 0.008
Bisphosphonates after denosumab 487 (68.11%) 16 (19.51%) 0.11 <0.0001 0.14 <0.0001

Cox proportional hazards regression model analysis (HR = hazard ratio).
aBone resorption markers are indicated in % of the upper premenopausal normal limit of the given method.
bRefers to total 595 (data missing for 120 patients).
cRefers to total 69 (data missing for 13 patients).
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The role of bisphosphonates

Of all the patients (N = 797), 47.55% received bisphosphonates
before the treatment with denosumab and 63.1% received them
after the treatment (Table 1).

For the patients where detailed data on the treatment with
bisphosphonates were available, the outcomes of this treatment
were compared between the four following groups: patients
who did not receive any bisphosphonates at all, patients who
received bisphosphonates both before and after the treatment
with denosumab; patients who got bisphosphonates only before
denosumab but not after; and patients who got bisphospho-
nates only after denosumab but not before (Table 4; Fig. 5).

In the patients who got bisphosphonates before the treat-
ment with denosumab, ibandronate was given in 27.3%, alen-
dronate in 25.7%, zoledronate in 7.7%, and risedronate in 4.4%.
In 34.9%, the drug was not indicated by the physician. Teripara-
tide was prescribed in 6.8%. The bisphosphonate mostly given
after denosumab treatment was zoledronate (76.5%). Treatment
with bisphosphonates before the treatment with denosumab, as
well as bisphosphonates given after denosumab discontinua-
tion, were associated with a significantly lower risk of VFs, MVFs,
and NVFs. When given before the treatment with denosumab,
the protective effect of bisphosphonates was weaker than when
given after denosumab (Table 4; Fig. 5).

Table 2. Factors Associated With the Risk of Multiple Vertebral Fractures (MVFs) After Denosumab Discontinuation

No MVF in period 3
mean (SD) or n (%)

MVF in period 3 (yes)
mean (SD) or n (%)

Univariate analysis Multivariate analysis

OR p Value OR p Value

Total 715 (92.62%) 57 (7.38%)
At denosumab initiation (period 1)
Age (years) 65.27 (9.13) 64.71 (10.25) 0.99 0.66
Body mass index (kg/m2) 23.08 (3.96) 23.18 (4.33) 1.005 0.90
Weight (kg) 60.01 (10.59) 62.16 (11.07) 1.02 0.26
Breast cancer 117 (16.36%) 13 (22.81%) 1.51 0.21
Parental hip fracture 83 (11.61%) 13 (22.81%) 2.25 0.02
T-score lumbar spine �2.53 (0.99) �2.68 (0.90) 0.85 0.36
T-score total hip �1.74 (0.76) �1.91 (0.81) 0.74 0.21
T-score femoral neck �2.05 (0.75) �2.12 (0.94) 0.87 0.56
Bone resorption markersa 0.76 (0.45) 1.07 (0.64) 3.16 0.03
Previous vertebral fracture 131 (18.32%) 17 (29.82%) 1.89 0.04 5.34 0.006
Previous non-vertebral fracture 141 (19.72%) 11 (19.30%) 0.97 0.94
Previous bisphosphonates 355 (59.66%)b 12 (24.49%)c 0.22 <0.0001 0.10 <0.0001

During denosumab treatment (period 2)
No. of denosumab doses 5.92 (3.16) 5.69 (3.11) 0.98 0.61
Duration of denosumab
treatment (months)

35.02 (18.94) 34.70 (19.76) 0.99 0.90

Vertebral fractures 17 (2.38) 1 (1.75) 0.73 0.77
Non-vertebral fractures 22 (3.08) 2 (3.51) 1.14 0.86
T-score lumbar spine �1.88 (1.13) �2.0 (0.86) 0.89 0.48
T-score change period 2–1 0.70 (0.62) 0.70 (0.36) 1.004 0.99
T-score total hip �1.42 (0.84) �1.86 (0.73) 0.50 0.002 0.38 0.002
T-score change period 2–1 0.29 (0.37) 0.18 (0.37) 0.37 0.14
T-score femoral neck �1.80 (0.78) �1.96 (0.78) 0.76 0.28
T-score change period 2–1 0.22 (0.44) 0.20 (0.38) 0.87 0.81

After denosumab treatment (period 3)
T-score lumbar spine �2.12 (1.17) �2.48 (1.06) 0.74 0.05
T-score change period 3–2 �0.25 (0.64) �0.43 (0.76) 0.69 0.14
T-score change period 3–1 0.41 (0.62) 0.20 (0.73) 0.58 0.05
T-score total hip �1.63 (0.80) �1.94 (0.86) 0.62 0.01
T-score change period 3–2 �0.18 (0.43) �0.08 (0.38) 2.18 0.14
T-score change period 3–1 0.12 (0.35) 0.04 (0.43) 0.54 0.25
T-score femoral neck �1.91 (0.75) �2.19 (0.75) 0.58 0.01
T-score change period 3–2 �0.10 (0.42) �0.18 (0.35) 0.62 0.33
T-score change period 3–1 0.10 (0.40) �0.03 (0.43) 0.49 0.08
Bone resorption markersa 0.66 (0.64) 1.28 (1.13) 2.31 <0.0001
Non-vertebral fractures 11 (1.54%) 5 (8.77%) 6.15 0.001
Bisphosphonate after denosumab 487 (68.11%) 7 (12.28%) 0.07 <0.0001 0.006 <0.0001

OR = odds ratio.
Logistic regression model analysis.
aBone resorption markers are indicated in % of the upper premenopausal normal limit of the given method.
bRefers to total 595 (data missing for 120 patients).
cRefers to total 49 (data missing for 8 patients).
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The marked protective effect of bisphosphonates given after
denosumab was not improved by bisphosphonates given
before.

The duration of the treatment with bisphosphonates before
the treatment of denosumab had no influence on the fracture
risk thereafter.

Table 3. Factors Associated With the Number of Vertebral Fractures (NVFs) in the Rebound Period After Denosumab Discontinuation

Variate

Univariate analysis Multivariate analysis

IRR p Value IRR p Value

At denosumab initiation (period 1)
Age (years) 0.99 0.49
Body mass index (kg/m2) 1.01 0.84
Weight (kg) 1.02 0.35
Breast cancer 1.35 0.45
Parental hip fracture 1.84 0.16
T-score BMD lumbar spine 0.87 0.49
T-score BMD total hip 0.75 0.23
T-score BMD femoral neck 0.87 0.52
Bone resorption markersa 2.41 0.23
Previous vertebral fracture 1.46 0.31
Previous non-vertebral fracture 1.008 0.98
Previous bisphosphonate Tx 0.25 <0.0001 0.34 0.004

During denosumab treatment (period 2)
No. of denosumab doses 1.002 0.96
Duration of denosumab Tx 1.002 0.79
Vertebral fractures 0.41 0.43
Non-vertebral fractures 0.73 0.73
T-score BMD lumbar spine 0.96 0.86
T-score change period 2–1 1.19 0.73
T-score BMD total hip 0.52 0.009 0.46 0.001
T-score change period 2–1 0.39 1.19
T-score BMD femoral neck 0.84 0.48
T-score change period 2–1 0.96 0.95

After denosumab treatment (period 3)
T-score BMD lumbar spine 0.78 0.14
T-score BMD total hip 1.71 0.28
T-score BMD femoral neck 0.64 0.04
Bone resorption markersa 2.01 0.001
Non-vertebral fractures 4.19 0.14
Bisphosphonates after denosumab 0.09 <0.0001 0.08 <0.0001

IRR = incidence rate ratio; BMD = bone mineral density; Tx = treatment.
Negative binomial regression model analysis.
aBone resorption markers are indicated in % of the upper premenopausal normal limit of the given method.

Table 4. Association Between Bisphosphonates (BP) Given Before and/or After Denosumab (Dmab) and Vertebral Fractures (VFs, MVFs,
NVFs) in the Rebound Period (Period 3)

Bisphosphonate

Risk of VFs Multiple VFs No. of VFs

No VF in
period 3

VFs in
period 3 HR p Value

No MVF in
period 3

MVF in
period 3 OR p Value IRR p Value

No BP
(reference)

70 (63.6%) 40 (36.4%) — — 70 (67.3%) 34 (32.7%) — — — —

BP before Dmab
only

120 (87.6%) 17 (12.4%) 0.24 <0.0001 120 (92.3%) 10 (7.7%) 0.20 0.001 0.220 <0.0001

BP after Dmab
only

170 (97.1%) 5 (2.9%) 0.042 <0.0001 170 (98.3%) 3 (1.7%) 0.06 <0.0001 0.059 <0.0001

BP before and
after

235 (97.1%) 7 (2.9%) 0.048 <0.0001 235 (99.2%) 2 (0.8%) 0.03 <0.0001 0.039 <0.0001

VFs = vertebral fractures; MVFs = multiple vertebral fractures; NVFs = number of vertebral fractures; HR = hazard ratio; OR = odds ratio.
Patients who got bisphosphonates after denosumab (period 3) only after having suffered a VF are considered as having received no BP after denosu-

mab. The total number of patients in this analysis is 664, while the study total is 797 patients, because exact information on the treatment with bispho-
sphonates was missing in 133 cases.
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Multivariate analysis

The fitted multivariate Cox proportional model (Table 1) identi-
fied four independent risk factors for VF after denosumab dis-
continuation. Increased weight (HR = 1.04) and previous
vertebral fractures (HR = 2.49) increase significantly the risk of
VFs, while an increase of the BMD of the total hip during treat-
ment (HR = 0.39) and a prescription of bisphosphonate after
denosumab discontinuation (HR= 0.14) played a protective role
against VF. For the specific outcome of MVFs (Table 2), four inde-
pendent factors were retained in the multivariable analysis; pre-
vious VFs (OR = 5.34) was significantly associated with high risk
of MVFs, while the increase of BMD of the total hip during treat-
ment (OR = 0.38), a treatment with a bisphosphonate before
(OR = 0.10), and especially after (OR = 0.006) treatment with
denosumab played a protective role against the occurrence of
MVFs. For the NVFs (Table 3), a treatment with a bisphosphonate
before denosumab treatment (IRR= 0.34), an increase of BMD of
the total hip during treatment (IRR = 0.46), and a prescription of
bisphosphonate after denosumab discontinuation (IRR = 0.08)
were identified as significant independent protective factors to
reduce the NVFs.

Discussion

In this large retrospective analysis, the overall incidence of VF
after denosumab discontinuation was 10.3%. Bisphosphonates
given before denosumab initiation and especially after denosu-
mab discontinuation decrease this risk consistently. We found
an already reported decrease of BMD after discontinuation of
denosumab.(3,4,24,28-30) This occurred despite the fact that the
majority of our patients received bisphosphonates. However,
the increase of TBS observed with denosumab persisted after
its discontinuation. Because this is the first time that TBS changes
are analyzed after denosumab discontinuation, this observation
needs further confirmation.

We found the previously reported observation that after
denosumab discontinuation, VFs become relatively frequent,
while they are rare during the treatment. The incidence of
10.3% is close to the values reported in other studies, but com-
parisons are difficult because the post-treatment follow-ups
were short and the number of patients receiving a bisphospho-
nate after denosumab discontinuation differed from study to
study.(3,4,7) We considered VFs occurring within the 30 months

after the last injection of denosumab because this time limit cor-
responds to the rebound period of osteoclasts.(1,2)

Compared with the patients who did not receive any bispho-
sphonate before or after denosumab, the risk of VFs in the
patients treated with bisphosphonates before and after denosu-
mab was reduced by 95% (Table 4; Fig. 5). In an early report
based on the phase 3 FREEDOM trial,(7) VF incidence was
9.7/100 patient-years, after adjustment for age and BMD, close
to the placebo group, but the median time of observation of
the rebound period was short (0.8 years). McClung and col-
leagues reported a VF incidence of 9.8% within 1 year after ces-
sation of denosumab,(3) whereas another study reported 13.5%
during an off-treatment period of 16 to 20 months.(4) The post
hoc analysis of the FREEDOM trial reported 7.1 VFs per
100 patient-years in a short off-treatment period of less than
1 year.(17) This risk was similar to that described in the placebo
group, but, surprisingly, there was a rebound effect when the
placebo was stopped, with a threefold increase in the VF risk.(31)

In a large computerized survey, 7.3% of the patients who discon-
tinued denosumab had VFs, but the follow-up did not include
the first 3 months of the rebound period and was restricted to
1 year.(25) As in this study, these authors found that patients with
VFs after denosumab discontinuation had a higher risk of non-
vertebral fractures.(25)

In this study, 2.2% of the women had VFs during the average
35 months of treatment with denosumab, whereas 10.4% expe-
rienced VFs during the 24 months after discontinuation, which
corresponds to a sevenfold increase in the annualized risk, rising
from 0.75% to 5.15%. In the FREEDOM trial, the increase in risk
was of the same magnitude.(17) The number of VFs increased
from 31 to 215 during the samemonitoring periods, correspond-
ing to a 10-fold increase of the annualized risk for one VF per
patient risk, from 0.013 to 0.13. MVFs represent a major subset
of VFs associated with the rebound effect (in 69.5% of our
patients). The post hoc analysis of the FREEDOM trial reported
a significantly higher proportion of patients suffered MVFs after
denosumab (60.7%) than after placebo discontinuation (38.7%).
However, this analysis had several limitations, as mentioned
above.(31)

Our study allowed us to examine a large number of factors
that could potentially influence the risk of VF after denosumab
discontinuation, as it was done in the post hoc analysis of the
FREEDOM trial.(17) The true VF risk attributable to the rebound
effect after denosumab discontinuation remains difficult to
assess for an individual patient. It depends on the patient’s frac-
ture risk profile and is also associated with protective factors (see
below). VFs occurring after denosumab discontinuationmay also
result from the combined risk associated with both the severity
of underlying osteoporosis and the rebound phenomenon itself.

Risk factors for rebound vertebral fractures

First, there were no noticeable differences between the patients
who presented a VF in the rebound period and those who did
not, whether in age and BMI, nor in baseline levels of bone
resorption markers or BMD values measured before the
treatment.

A parental history of hip fracture was associated with the VF
risk after denosumab discontinuation in the univariate analyses
and higher weight was associated to the VF risk in the multivar-
iate analyses. This was not reported in other studies, perhaps
because of smaller sample size.

Fig. 5. Kaplan–Meier fracture-free survival curves after denosumab dis-
continuation; effect of bisphosphonates.
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Previous VFs were significantly associated with the risk of
rebound VFs and of MVFs in the univariate and in the multivari-
ate analyses. For MVFs, the odds ratio exceeded 5 in themultivar-
iate analysis. The same finding was reported in the multivariate
analysis of the post hoc analysis of the FREEDOM trial, where pre-
vious VFs were the strongest predictor of rebound-associated
VFs (OR = 3.6).(17)

The occurrence of non-vertebral fractures after denosumab
treatment increased the risk of MVFs after denosumab more than
sixfold. Although rare, such fractures, eg, hip fractures, have to be
considered as a serious risk factor for rebound vertebral fractures.

BMD is a main factor of the osteoporotic fracture risk and
could have a significant influence on the risk of VFs in the
rebound period. But baseline BMD measurements did not have
a significant influence, as already observed by others.(7,17) Nei-
ther did the lumbar spine BMD during and after denosumab
treatment influence the VF risk. This may be due to the advanced
age of the patients, who often have degenerative retro-vertebral
calcifications.(32) Higher total hip and/or femoral neck BMD, mea-
sured during and after denosumab treatment, had some protec-
tive effect on the VF during the rebound period. These results
need to be confirmed in further studies, as they raise the ques-
tion if an eventual hip T-score cut-off was applied by some phy-
sicians for stopping denosumab.

BMD loss at total hip after denosumab discontinuation treat-
ment was associated with the occurrence of VF in the univariate
(p 0.046) but not in the multivariate analyses. The same associa-
tion (OR = 1.2 per 1% annualized loss) was observed in the post
hoc analysis of the FREEDOM study.(17)

Baseline bone resorption marker levels had no influence, as also
reported in the post hoc analysis of the FREEDOM trial.(17) But when
measured during the rebound period, these markers were signifi-
cantly associated with the risk of VF, MVFs, and NVFs. High levels
of resorption markers were reported in many patients with MVFs
after denosumab discontinuation.(11,14-16) They were considered
as a risk factor for VFs, but they were not associated with the
NVF.(16,18) They showed increased osteoclast activity, implying an
increase in osteoclastogenesis, which was not found in treatment-
naive osteoporotic women with clinical VFs.(28) Keeping bone
resorptionmarkers lowwith pharmacological treatments after stop-
ping denosumab could reduce or avoid VFs.(21)

Benefit of bisphosphonates

Bisphosphonates, given before or after the treatment with deno-
sumab, markedly decreased the risk of VFs in the rebound
period. Already in 2017, it was observed that the increase of
resorption markers after denosumab treatment was less in
patients previously treated with bisphosphonates.(20) According
to several authors, previous treatment with bisphosphonates
did not protect from VFs after denosumab discontinua-
tion.(13,15,21) The present study, which analyzed specifically this
point in a larger population of patients, showed a significant pro-
tective effect of previous treatments with bisphosphonates.
However, this effect was much weaker than that of bisphospho-
nates given after denosumab treatment. It appeared that there
was no advantage to give bisphosphonates before the treatment
with denosumab, since the effect of bisphosphonates given
thereafter was much stronger.

Bisphosphonates are also proposed after denosumab discon-
tinuation to preserve the BMD gained, besides decreasing the
risk of VFs. In our study, bisphosphonate prescription (mainly
zoledronate) after denosumab discontinuation was associated

with a clear decrease of VFs. In small studies, zoledronate given
after denosumab discontinuation diminished BMD loss during
the rebound period.(26,33) It prevented it for 1 year(34) and dimin-
ished it partially for a longer period.(24) It also prevented off-
treatment fractures. This was first demonstrated in a small
series(29) and then in an observational study of 120 patients.(30)

Study limitations and strengths

Several limitations have to be noted in our study. It is a retrospective
study, implying non-recoverable missing information in certain
patients, as not all questionnaires were complete. The participant
physicians were free about how to select the patients for this study.
Most of them conceivably collected consecutive medical records
meeting our inclusion criteria, but some inclusion bias cannot be
formally excluded. The follow-up of patients was not standardized,
and various intensities of monitoring were probably applied by the
practitioners in the study patients. In the absence of a standardized
follow-up protocol, it is possible, although highly improbable, that
some VFs were missed. Only osteoporosis specialists were asked
to include patients in order to reflect the use of denosumab by
experts. Almost but not all Swiss specialized centers participated,
and general practitioners were not approached, despite the fact
that they can prescribe denosumab. Therefore, the results obtained
do not exactly reflect the use and experience of denosumabnation-
wide. This procedure might also have selected a case mix of osteo-
porosis and breast cancer patients more severely affected than
patientsmanagedby general practitioners. However, these patients
are probably more representative of the real-world use of denosu-
mab than phase 3 prospective clinical trials conducted in a sample
of thoroughly selected patients.We are aware that the results of the
BMDmeasures would be more robust had they been standardized
by a central quality control, as done in prospective studies. But the
retrospective character of the study limited the possibility of such a
control, even retrospectively for the 1829 BMD measurements.

The strengths of the study rely on the registration of VFs and
of risk factors in three distinct periods: before, during, and after
the treatment with denosumab, in order to get the best chances
of identifying risk and protective factors for the occurrence of
rebound VFs. Another strength relies on the use of three differ-
ent statistical methods for the three different outcomes (VF,
MVF, NVF), which makes the results more robust. We emphasize
that the planning of the study, the collection and the analysis of
data, as well as the writing of the manuscript were performed
without any interference of the sponsor (Amgen Inc).

In conclusion, the VF risk after denosumab discontinuation
was close to 10% andwas increased in patients who experienced
non-vertebral fractures. Previous VFs were predictors of the post-
treatment fracture risk, as was low total hip BMD achieved on
treatment. Bisphosphonates given after denosumab treatment
decreased the VF risk. Bisphosphonates given before denosu-
mab were a partially protective factor but did not provide an
additional benefit, as long as they were given after.
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