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Abstract
Summary We evaluate 38 elderly women who had received
long-term denosumab treatment after stopping the drug.
Taking into account the gain during treatment and the loss
after stopping treatment, they lost 35.5% of the total gain in
the spine, 44.6% of the total gain in the femoral neck, and
103.3% in the total hip.
Introduction Denosumab (DMAb) is a soluble inhibitor of the
receptor activator of nuclear factor-kappaB ligand (RANKL)
and, therefore, does not incorporate into the bone matrix.
Consistently, DMAb discontinuation is associated with reversal
of the effects attained with treatment.
Purpose The aim of this study is to assess changes in BMD
after a year of discontinuation of DMAb in a group of post-
menopausal women treated with DMAb for 7 or 10 years.
Secondly, is to evaluate the occurrence of fragility fractures.
Methods Women who had participated in the FREEDOM
study and its extension were invited to participate in this
follow-up study. BMD at LS and hip and spine X-rays were
obtained. Results were compared to the last value obtained
while in treatment to assess changes after discontinuation.
Results Thirty-eight women, mean age: 81 ± 3.4 years com-
pleted study procedures; none had received bisphosphonates
after stoppingDMAb.Mean gap time betweenDMAb last dose
and the follow-up visit was 17 months (range 16–20 months).
Bone mineral density (BMD) decreased significantly in all

regions: − 8.1% in LS, − 6% in FN, and − 8.4% in TH. Five
(5/38, 13.15%) patients had a fragility fracture, one suffered a
wrist fracture, and four experienced vertebral fractures. Three
patients suffered one vertebral fracture and one of them had two
vertebral fractures. Laboratory results showed the following
mean values: CTX = 996 ± 307 pg/ml (normal values
550 ± 226 pg/ml); osteocalcin = 55.2 ± 18.6 ng/ml (normal
value 42 ng/ml); and 25 OH vitamin D = 23.7 ± 6.9 ng/ml.
Conclusion Our results describe the rapid bone loss occurring
after cessation of denosumab treatment. Further studies are
needed to assess if patients have a higher risk of fracture after
stopping DMAb and if so, which patients have the highest
risk, and assess the role of transitioning to bisphosphonates
in the long term.
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Introduction

Denosumab, a fully human monoclonal antibody that binds to
and inhibits the receptor activator of nuclear factor-kappaB
ligand (RANKL), is an effective treatment for osteoporosis
in postmenopausal women and men and for prevention of
bone loss associated with hormone ablation therapy in patients
with breast or prostate cancer [1–4]. Its biannual dose is well
accepted, and patients find it easy to adhere to treatment which
is essential in a chronic condition like osteoporosis [5].

Throughout 10 years of treatment, denosumab (DMAb)
has shown to steadily increase, without a therapeutic plateau,
not only trabecular but also cortical bone [6]. In addition,
it is an adequate choice for patients with renal impairment
who are at high risk of fracture and have very limited
treatment options [7].
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After stopping DMAb, several studies have shown that
bone remodeling increased significantly, to higher than
baseline levels and that bone mineral density decreased
significantly, and rapidly in lumbar spine and hip [8–10].
Fracture incidence after denosumab therapy cessation was
evaluated in several clinical trials [8–11]. These trials did not
demonstrate an excess in fracture risk after discontinuation.
However, they were not correctly designed to evaluate vertebral
fractures after stopping the drug and no routine X-rays were
performed [12]. In December 2015, case reports of multiple
vertebral fractures after stopping DMAb were published
[13–18]. This clinical scenario was described by Popp et al.
as the presence of multiple new clinical vertebral fractures,
associated with either no or low trauma, in a context of high
bone turnover (elevated biochemical markers), and rapid loss of
lumbar spine BMD, occurring after discontinuation (loss-of-
effect) of a reversible antiresorptive therapy [15]. Secondary
causes of bone loss or fractures had to be excluded. To our
knowledge, a total of 24 case reports have been described
so far [18]. Concerns have been raised regarding possible
increased vertebral fragility following denosumab discon-
tinuation due to a rebound in bone turnover to values above
pre-treatment levels and accompanying rapid bone loss.

Regarding these concerns, we decided to assess postmen-
opausal women who had participated in the pivotal
FREEDOM study and its extension in our center. The aim of
the studywas to evaluate BMDchanges and fracture occurrence
after at least 1 year of stopping DMAb in this group of patients.

Material and methods

The methodologies of both the FREEDOM study (Fracture
REduction Evaluation of Denosumab in Osteoporosis every
6 months) and the extension study have already been published
in detail [1, 6].Women who had participated in the FREEDOM
study and its extension in our center—IDIM, Buenos Aires,
Argentina—were invited to take part in this follow-up study.
Inclusion criteria were female gender, treatment with
denosumab (60 mg six-monthly) for at least seven consecutive
years without skipping more than two doses, ambulatory and
willing to attend a visit at our center, no bone active treatment
after discontinuation of denosumab, except for calcium and
vitamin D, and no medical conditions which, according to the
investigator’s judgment, could have an influence on bone
health disorder (including but not limited to cancer, primary
hyperparathyroidism, decompensated cardiovascular disease).

Study procedures

The study protocol was reviewed and approved by an
institutional review board and all patients signed an informed
consent form before entering the study.

Medical interview and anamnesis

Data were collected regarding clinical and bone health
risk factors (occurrence of incidental fractures, calcium
and vitamin D supplementation, use of drugs, and other
conditions which might affect bone health).

Bone mineral density assessment

Lumbar spine (LS) (L1-L4), total hip (TH), and femoral neck
(FN) BMD were measured using dual X-ray equipment
(Lunar Prodigy Advance, software 13.6). Bone mineral den-
sity (BMD) was compared to the last value obtained during
the last visit of the pivotal study/extension, which took
place 6 months after the last DMAb injection. In order to
assess changes upon discontinuation, dual-energy x-ray
absorptiometry (DXA) values were compared to those obtained
while under treatment with DMAb.

Vertebral fracture assessment: spine X-ray

In order to assess changes upon discontinuation, lateral
thoracic and lumbar X-rays were performed and compared
to the last X-rays obtained in the last study visit, which
took place 6 months after the last DMAb injection. All
X-rays were performed and analyzed by the same specialist
using the Genant semi-quantitative method for vertebral
fracture assessment.

Laboratory tests

Serum calcium (NM-BAPTA; reference range: 8.8–10.5 mg/
dl), serum phosphate (phosphomolydate; reference range:
2 . 7–4 . 5 mg / d l ) , p a r a t h y r o i d h o rmon e ( PTH )
(electrochemiluminescence; reference range: 10.0–65.0 pg/
ml), 25(OH) vitamin D (chemiluminescence; reference range:
> 3 0 n g / m L ) , s e r u m C - t e l o p e p t i d e ( C T x )
(electrochemiluminescence; reference range:556pg/ml±226),
total alkaline phosphatase (AP) (kinetic at 37 °C; reference
range: 35–104 IU/l), bone-specific alkaline phosphatase
(BAP) (chemiluminescence; reference range: ≤ 21.3 μg/l),
and osteocalcin (electrochemiluminescence; reference range:
11.0–43.0 ng/ml) were obtained. Although this bone profile
testing was performed to assess bone remodeling upon dis-
continuation, the results could not be compared to the last
previous tests obtained while under treatment because sam-
ples had been analyzed by different laboratories and not all
patients had previous bone marker measurements.
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Statistical analysis

A formal statistical hypothesis was not tested at the end of this
1-year observation study. All analyses were descriptive in
nature. For this study, all parameters are expressed as
mean ± SD. The comparison of DXA values between the
FREEDOM/extension study data and those of the follow-up
visit was analyzed using the paired t test or Wilcoxon signed-
rank test depending on data distribution. Differences between
independent groups were analyzed using the t test or Wilcoxon
rank sum test depending on data distribution. Comparisons of
proportions were performed using the Fisher’s exact test. The
relationships were studied using Pearson correlation. P values
(two-sided) ≤ 0.05 were considered significant. All statistical
analyses were performed on STATISTIX 7.0 Copyright
©1995, 2000 Analytical software (Statsoft).

Results

A total of 56 women completed participation in the
FREEDOM study and its extension at our center. After com-
pleting the study, all patients were monitored outside this center
by their primary physicians. Thirteen patients were excluded,
four had been diagnosed with cancer, one with hyperparathy-
roidism, two were unable to travel to the center, one had
Parkinson’s disease, one had a psychiatric condition, one was
not ambulatory, one had severe cardiovascular disease, and two
had died. Forty-three women were invited to participate in a
follow-up visit and four of them canceled for personal reasons.
From January to April 2016, 39 women agreed to participate
and signed the informed consent form. One patient was
excluded for current bisphosphonate use, so, finally 38
women were included in the study.

The mean age was 81 ± 3.4 years (range: 76–89 years) and
BMI was 28.4 ± 5.4 (Table 1). All subjects were of Hispanic-
Latino origin. Seventeen patients had received DMAb treatment
during 7 years and 21 during 10 years. Mean gap time between
DMAb last dose and the follow-up visit was 17 months (range
16–20 months). Most of these patients were treatment naïve
before entering the FREEDOM study. According to the study
inclusion criteria, patients should not have received more than
3 years of bisphosphonates. Only two patients had received
bisphosphonates in a clinically significant manner (for approxi-
mately 2 years with a wash-out period of 2 years). None of them
reported other conditions potentially affecting bone metabolism.
Half of the patients were receiving calcium and vitamin D sup-
plementation (≥ 1 g calcium daily; ≥ 800 IU vitamin D daily).

Bone mineral density

BMD had decreased significantly in all regions; − 8.1% in LS,
− 6.0% in FN, and − 8.4% in TH (Table 2). Mean BMD and T-

score at the lumbar spine were 0.923 mg/cm2 and − 2.1, re-
spectively, while the average BMD and T-score had been
1.005 mg/cm2 and − 1.5 in the last visit of the pivotal study/
extension (p < 0.01). Mean BMD and T-score at the femoral
neck were 0.770 mg/cm2 and − 1.7, respectively, while the
average BMD and T-score had been 0.820 mg/cm2 and − 1.3
(p < 0.01). Mean BMD and T-score at the total hip were
0.794 mg/cm2 and − 1.7, respectively, while the average
BMD and T-score had been 0.866 mg/cm2 and − 1.1
(p < 0.01) in the last visit of the pivotal study/ extension.

The were no significant differences in any region in the
amount of bone loss between the group treated with DMAb
for 7 years and that treated for 10 years (− 7.3% in LS, − 5.5%
in FN, and − 7.9% in TH compared to − 8.5, − 6.5, and −8.7%,
respectively; p = 0.32, 0.5, and 0.59, respectively).

Only two patients had received ibandronate in a clinically
significant manner before receiving DMAb, one during
12 months and the other during 30 months with a wash-out
period of 2 years. They had similar changes to the rest of the
patients (total group − 8.1% in LS and − 8.4% in TH vs. these
two patients − 6. 1% in LS and – 5. 6% in TH). One of
them worsened a previous vertebral fracture (from mild to
moderate) after stopping the drug.

According to the follow-up visit evaluation, 17 (44.7%)
women were categorized as osteoporotic, 9 of whom had
densitometric osteoporosis only in the lumbar spine, 4 in
the hip only, and 4 in both regions. According to the last
FREEDOM/extension study data, only 4 (10.5%) patients
had previous osteoporotic values (at least one region with
T-score ≤ − 2.5).

MeanBMD gain during the FREEDOM/extension study in
LS was 0.231 ± 0.089 g/cm2 accounting for a 29.9 ± 11.9%
increase in BMD (7 years: 25.6 ± 9.8%; 10 years:
33.4 ± 12.5%). For the femoral neck, the mean BMD gain
was 0.112 ± 0.054 g/cm2 (16.6 ± 8.7%, − 7 years:
12.7 ± 7.5%; 10 years: 19.7 ± 8.6% –). As for the total hip,
the mean BMD gain was 0.070 ± 0.055 g/cm2 (9.3 ± 7.6% –
7 years: 5.2 ± 5.5%; 10 years: 12.6 ± 7.5% –). For the overall

Table 1 Demographics characteristics (media ± D.S.) N = 38

Age (years) 81 ± 3.4

Weight (kg) 66.8 ± 12.3

Height (cm) 153.6 ± 5.4

BMI (kg/m2) 28.4 ± 5.4

Maternal hip fracture 10.5% (n = 4)

Corticoids 0.0% (n = 0)

Osteoactive treatment 0.0% (n = 0)

Regular physical activity 26.3% (n = 10)

Calcium through dairy products 50% (n = 19)

Calcium supplementation 28.9% (n = 11)

Vitamin D supplementation 52.6% (n = 20)
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group, taking into account the gain during treatment and the
loss after stopping treatment, women lost 35.5% of the total
gain in the LS, 44.6% of the total gain in the FN, and 103.3%
in the TH.

After evaluating the correlation between mean BMD
change during treatment (gain) and change after stopping
DMAb treatment (BMD bone loss), we found a significant
negative correlation in LS (r = −0.42; p < 0.01) and TH
(r = −0.46; p < 0.01). In addition, an assessment of the
correlation between baseline BMD values and those after
treatment cessation was carried out. Statistically significant
positive correlations were observed in all regions: LS,
r = 059; p < 0.01; FN, r = 0.52; p < 0.01 y TH, r = 084;
p < 0.01.

Fracture assessment

After stopping denosumab, 5/38 (13.15%) patients suffered a
fragility fracture. one suffered a wrist fracture, and four
suffered vertebral fractures. None of the fractured patients
(and any patient in the study) had received bisphosphonate
treatment after stopping DMAb. The patient with the wrist
fracture had a prevalent wrist fracture before receiving
10 years of denosumab. Out of the four patients who suffered
vertebral fractures after stopping denosumab, two had no
history of fragility fractures, but two had prevalent vertebral
fractures. Of these last two patients with prevalent vertebral
fractures, one had fractured before entering the FREEDOM
trial and again during the study and the other had a vertebral
and a wrist fracture before receiving DMAb (see Table 3 for
fractured patients details).

Of the four patients who had vertebral fractures after
stopping treatment, three patients suffered an asymptomatic,
unique vertebral fracture, and the other patient fractured two
vertebrae after a fall from her own height (clinical).

All fractured patients had all turnover bone markers
(osteocalcin, ALK, and c-telopeptides) above reference range
(Table 3) and 25OH vitamin D levels higher than 20 ng/ml.
BMD loss was significant in every region, especially in the
LS. Every fractured patient had osteoporosis in the LS before
entering the FREEDOM study and none of them had it when
finishing the study. During the FREEDOMstudy/extension trial,
7/38 (18.4%) patients suffered a fragility fracture compared to 5/
38 (13%) (p 0.25) after stopping the drug (Table 4).

In order to identify risk factors for fracture after discon-
tinuation, we compared age, BMI, biochemical parameters,
prevalent fractures, number of years on DMAb, BMD
values,and BMD loss between fractured (n = 5), and non-
fractured (n = 33) patients. There were no statistically sig-
nificant differences between the groups (data not shown).
Sixty percent of the fractured patients (3/5) had a prevalent
fragility fracture vs. 42.4% (14/33) of the non-fractured patients;
this difference did not reach statistical significance (p = 0.64).

Biochemical parameters

In our patients, mean laboratory results were CTX:
996 ± 307 pg/ml (normal value premenopausal women
550 ± 226 pg/ml), osteocalcin 55.2 ± 18.6 ng/ml (normal
value up to 42 ng/ml), 25 OH vitamin D 23.7 ± 6.9 ng/ml,
PTH 44.7 ± 12.1 pg/ml, calcium 9.8 ± 0.3 mg/dl, and P
4 ± 0.4 mg/dl. In fractured patients, CTX values were
1064.2 ± 462 vs. 986 ± 286 pg/ml (p 0.73) in non-fractured.

Discussion

We assessed 38 women who had participated in the
FREEDOM trial and its extension, and found that BMD
decreased significantly after treatment cessation in all women
while bone turnover markers evidenced a high remodeling state.
Moreover, five of the 38 patients (13.15%) experienced one or
more fragility fractures. Our study had the strength that these
patients had been followed in our center for almost 12 years;
each patient was individually evaluated by a specialized physi-
cian and hadBMD, biochemical andX-ray assessment. None of
them had been prescribed another osteoporosis treatment after
stopping DMAb. This was an aged population; all women were
older than 76 years, and even in these elderly women DMAb
cessation triggers a high remodeling state.

The most common fractures observed after stopping
DMAb were vertebral fractures. These occurred in 4/38 pa-
tients. Only one of these fractured patients had two clinical
vertebral fractures. The other three were unique, asymptomatic
and only diagnosed after X-ray assessment. Half of these

Table 2 BMD measured by DXA (media ± D.S.) in 38 patients at the
end of FREEDOM/extension study and after 17 months of denosumab
discontinuation

End of
treatment

Follow-up Change % P

L1-L4

BMD (g/cm2) 1.005 ± 0.108 0.923 ± 0.090 − 8.1 ± 4.1 < 0.01

T-score − 1.5 ± 0.9 − 2.1 ± 0.7 < 0.01

Z-score 0.3 ± 1.0 − 0.3 ± 0.8 < 0.01

FN

BMD (g/cm2) 0.820 ± 0.081 0.770 ± 0.083 −6.0 ± 4.7 < 0.01

T-score − 1.3 ± 0.7 − 1.7 ± 0.7 < 0.01

Z-score 0.6 ± 0.7 0.2 ± 0.8 < 0.01

TH

BMD (g/cm2) 0.866 ± 0.08 0.794 ± 0.091 − 8.4 ± 4.6 < 0.01

T-score − 1.1 ± 0.7 − 1.7 ± 0.8 < 0.01

Z-score 0.7 ± 0.7 0.1 ± 0.8 < 0.01

All changes were statistically significant (p < 0.05)
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patients had a history of prevalent vertebral fractures; one
before and during denosumab treatment, and the other before
DMAb treatment. Fractures happened in the context of high
bone turnover and rapid and significant bone loss.

Published case reports had described patients with multiple
clinical fractures with an acute onset of symptoms [13–18].
Anastasilakis et al. recently analyzed characteristics of 24
patients who had experienced 112 vertebral fractures after
stopping DMAb [18]. No other types of fractures were
reported. Most patients experienced multiple vertebral
fractures (mean number 4.7). However, in our group, only
one patient had more than one vertebral fracture. Similarly
to our patients, most women had not received treatment
prior or after DMAb therapy, while only 33% (8/24) had
prevalent vertebral fractures. They found that patients with
≤ 2 years of denosumab treatment had fewer fractures than
those with > 2 years (mean ± fractures 3.2 ± 0.7 vs.
5.2 ± 1.4, p = 0.055). However, our group had been treated
for a very long time and suffered mostly unique asymptomatic
fractures.

Risk of fracture after cessation of denosumab in women
with osteoporosis was analyzed in the FREEDOM pivotal

study [10]. Women (N = 327) who discontinued denosumab
after two to five doses reported no excess of fractures during
the off-treatment period. However, the median off-treatment
follow-up duration was only 8 months; the study was not
designed to capture vertebral fractures and at least one third
of the patients had begun an osteoporosis treatment. A more
thorough analysis of the data was presented by Brown et al.
during the 2016 ASBMR Annual Meeting in Atlanta [11].
Women who had received at least two doses of denosumab
and stayed in the study at least 7 months after the last
denosumab injection were included (n = 1001). Fifty-six of
them sustained new vertebral fractures (5.6%), a percentage
comparable to those who had discontinued placebo. However,
a greater percentage experienced multiple vertebral fractures
in the group that discontinued denosumab. Prevalent vertebral
fractures, before or during the treatment period, were the
strongest predictor of new vertebral fractures following
discontinuation. This study had the same limitations described
above and additional vertebral fractures may have been missed
due to the relatively short duration of off-treatment follow-up.
Our study highlights the importance of monitoring patients
with spine X-rays after treatment cessation. Up to now, real
fracture prevalence after stopping DMAb is unknown andmore
scientific evidence is needed to address an important clinical
question: whether this interval of high turnover and rapid bone
loss results in an abnormally high fracture risk or just a return to
the pre-treatment fracture status.

In our study, all patients lost BMD in all regions evaluated
(− 8% in the LS and the total hip and − 6% in the FN). In the
phase 2 study of Miller et al., follow-up after discontinuing
denosumab treatment was available in 50 patients [8]. After
2 years of treatment with 210 mg denosumab every 6 months
or 30 mg every 3 months, BMD in the LS and TH had
increased, on average, by about 8 and 5%, respectively,

Table 3 Detailed clinical features of women who have sustained fragility fractures following denosumab discontinuation

Subject no. 1 2 3 4 5

Age at fracture 78 76 76 85 83

Years on DMAb 10 10 7 7 7

Fragility fractures before FREEDOM Wrist – – T8 (mild) Wrist;
T3 (mild)

Fragility fractures during FREEDOM and extension – – T6 (severe);
T10 (moderate)

–

Fragility fractures after stopping DMAb Wrist T12 (mild)a;
L1 (moderate)a

T7 (moderate)b L4 (mild)b L3 (severe)b

CTX level at fracture diagnosis. Electrochemiluminescence,
normal range: 556 ± 226 pg/m

760 1058 1834 1012 657

L1-L4 LS BMD (g/cm2) and T-score, at fracture diagnosis 1.059; − 1.1 0.887; − 2.4 0.885; − 2.5 0.977; − 1.7 0.977; − 1.7

Total hip BMD (g/cm2) and T-score at fracture diagnosis 0.859; − 1.2 0.740; − 2.2 0.748; − 2.1 0.689; − 2.6 1.096; 2.8

Femoral neck BMD(g/cm2) and T-score at fracture diagnosis 0.897; − 0.7 0.805; − 1.5 0.993;0.1 0.656; − 2.7 0.975; 0.0

a Clinical vertebral fractures
b Non-clinical vertebral fractures

Table 4 Fracture occurrence before inclusion, during FREEDOM
study /extension and during follow-up in all patients

Fractures Before During After

Vertebral 18.4% (n = 7) 5.3% (n = 2) 10.5% (n = 4)

Wrist 15.8% (n = 6) 0.0% (n = 0) 2.6% (n = 1)

Hip 0.0% (n = 0) 5.3% (n = 2) 0.0% (n = 0)

Othera 10.5% (n = 4) 7.9% (n = 3) 0.0% (n = 0)

a Other fractures include four ankle fractures, two humerus, and one
clavicle
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but fell back to or near baseline within 1 year of stopping
therapy. Similar responses to treatment withdrawal, loss of
the 6% gain in the LS BMD within 1 year, were observed
in the phase 3 prevention study in which women had received
the clinical denosumab dose of 60 mg every 6 months for
2 years [9]. Finally, in the observational study of McClung
et al. [19], a subgroup of 42 women received denosumab for
8 years, and was evaluated 12 months after treatment cessa-
tion, without having received another medication. They had
lost 7.4% in the LS and 7.8% in the TH; the spine remained
above baseline but the TH values returned to baseline 1 year
after denosumab discontinuation. The rate of bone loss
observed in our patients (6 to 8%) was similar to the above
mentioned in earlier studies, although our patients had received
therapy much longer. This shows that long-term denosumab
therapy, as expected, does not protect patients from bone loss
when therapy is discontinued. However, because our patients
had experienced such large increases in BMD during long-term
treatment, BMD remained well above baseline in the spine and
FN at 17 months off-treatment. The TH BMD fell back to
baseline value after discontinuation, and this can be related to
a lesser magnitude in the TH BMD gain during treatment.
Correlations show the amount of bone loss is related to the
amount that had been gained: the greater the gain, the greater
the loss after discontinuation. This relation between bone loss
and bone gained was first shown by Miller et al. [8]. However,
regardless of the length of exposure to the drug and different
patient’s characteristics (age and BMD for example), the
amount of bone loss seems similar in most studies: around 6
to 8% in the LS and TH and a bit lower in the FN (5 to 6%) in
the first year.

Although we do not have previous results during treatment
to confirm a rebound in bone turnover markers, values were
higher than premenopausal reference range and much higher
than expected in aged postmenopausal women. These values
were obtained more than a year after the last DMAb dose
(17 ± 1 months, range 16–20 months—11 months without
DMAb treatment –). Previous studies have shown that after
stopping DMAb, bone turnover rises above baseline at
9 months with a peak at 12 months and a progressive decrease
thereafter, reaching again baseline levels approximately
30 months after the last dose [8–10]. According to these
results, our patients still need more time to reach normal values
again.While all fractured patients had high bone turnover, there
were no significant differences between these patients’ values
and those of the ones who did not sustained a fracture.

Despite the fact that the increase in bone turnover and
decrease in BMD are universal after denosumab discontinua-
tion, only a minority of patients sustained vertebral fractures.
We did not find any significant differences in age, BMI, bio-
chemical parameters, prevalent fractures, number of years on
DMAb, BMD values, and BMD loss between fractured and
non-fractured patients. The mechanism responsible for the

development of these fractures is unknown, but it is hypothe-
sized that they are due to transient increases in bone turnover
and rapid loss of BMD following cessation of denosumab
[20]. This phenomenon is expected to affect trabecular bone
to a greater extent and more rapidly than cortical bone; a
hypothesis that could explain the multiple vertebral fractures
reported in clinical cases [4–8]. Anastasilakis et al. recently
measured biochemical parameters including markers of bone
and mineral metabolism and serum microRNAs and gene ex-
pression of mRNAs of factors regulating formation and activ-
ity of osteoclasts in three different groups of women. The first
cases involved five women who suffered vertebral fractures
after stopping DMAb, the second, women who had vertebral
fractures but were treatment naïve, and the third group com-
prised five women who had stopped DMAb but had not
sustained vertebral fractures. Compared to treatment-naïve
fractured women, the first group had higher serum P1NP
and CTX levels, and significantly lower serum miR-503,
and miR-222-2 that downregulate osteoclastogenesis and os-
teoclast activity, and higher RANK (13-fold) and catepsin K
(2.6-fold) mRNA. The respective values of the third group
were in the same direction as the first group but of a lesser
magnitude. They conclude that bone fragility in women with
clinical vertebral fractures after stopping denosumab therapy
is pathophysiologically different from that of treatment-naïve
women with osteoporosis and clinical vertebral fractures and
can be associated with upregulation of markers of osteoclast
formation and activity.

However, to date, no risk factors have been identified that
could predict with certainty which patients have the highest
risk of fracture after stopping treatment. Meanwhile, in the
everyday clinical practice, physicians should highlight to their
patients the importance of strict adherence to the biannual
dose of this treatment and advise them not to discontinue the
drug without medical supervision. Also, taking an osteoporosis
medication after stopping denosumab appeared to attenuate the
decline in BMD [19]. In the DAPS study, postmenopausal
women with low bone mass who had received denosumab for
1 year were switched to weekly alendronate therapy [5]. The
increase in BMD that had occurred with denosumab therapy
was preserved during 1 year of alendronate therapy. As we
already routinely do in patients who stop anabolic treatment
like teriparatide, it seems very prudent that therapy with another
antiresorptive agent, such as a bisphosphonate, should be
initiated to maintain what had been gained [12]. It has been
suggested that patients with previous bisphosphonate exposure
may have a very mild rebound in bone turnover after DMAb
cessation [18]. Future studies may show if this strategy is useful
in the long term and can prevent fragility fractures.

Besides the lack of bone turnover markers on treatment, we
have to recognize that our study has limitations, including
its small size, observational design, and lack of a placebo
control group.

46 Osteoporos Int (2018) 29:41–47



Our results describe what has been previously published: a
high remodeling state evidenced by bone turnover markers
and the consequent bone loss that occurs after cessation of
denosumab. This study is too small to evaluate fracture
outcomes. More studies are needed to try to identify which
patients have higher risk of fracturing after stopping DMAb
and to assess the role of transitioning to bisphosphonates in
the long term. Meanwhile, it is important to increase physi-
cians’ awareness that after denosumab discontinuation another
antiresorptive treatment should be administered to avoid rapid
bone loss.
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