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Abstract

Summary Discontinuation of denosumab (Dmab) therapy is
associated with lower serum CTX levels in osteoporotic pa-
tients previously exposed to bisphosphonates compared to
those who were not.

Introduction Discontinuation of Dmab therapy is followed by
a transient increase of bone turnover markers (BTMs) above
pretreatment values, together with accelerated bone loss, and
potentially an increased risk of multiple vertebral fractures.
Since a substantial proportion of patients discontinuing
Dmab have previously been exposed to bisphosphonates
(BPs), we hypothesized that previous BP therapy could atten-
uate this increase in bone turnover because of the prolonged
biological effects of BPs on bone.

Methods In a retrospective observation, we assessed serum
CTX levels between 7 and 24 months after the last Dmab
injection in 37 patients (33 women and 4 men, aged 50 to
84 years). CTX levels were analyzed according to the number
of Dmab injections (1 or multiple) and previous exposure to
BPs.

Results In 8 patients who had received only 1 Dmab injection,
7 out of 8 were previously on BPs and none of them showed
CTX values above the premenopausal range after Dmab dis-
continuation. CTX also remained in the premenopausal range
in 14 out of 17 patients who discontinued Dmab after multiple
(4.1 + 1.4, range 2—7) injections but were previously exposed
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to BPs (mean exposure 6.9 + 5.8 years, range 11 months—
15 years; mean time interval between BP exposure and
Dmab initiation 25 £+ 10 months, range 0-48). In contrast, in
12 patients who discontinued Dmab after multiple (5, range 3—
9) injections without prior exposure to BPs, mean CTX levels
as measured on average 11.3 months (range 6-23) after the
last Dmab injection were above the upper limit of premeno-
pausal range (mean +114%, range 28-320%, p = 0.003-0.005
vs previous BPs).

Conclusion The higher CTX levels occurring after Dmab dis-
continuation in patients who have received multiple injections
may be prevented by prior exposure to BPs. This observation
may be related to the persistent effects of BPs on bone that
prevent the resorbing activity of newly formed osteoclasts
when RANK Ligand is no more antagonized.

Keywords Antiresorbers - Bone turnover biochemical
markers - Fracture - Osteoporosis - Treatment

Introduction

The monoclonal antibody denosumab (Dmab) is a potent in-
hibitor of bone resorption, which reduces vertebral and non-
vertebral fracture risk, including the hip [1]. As shown in
phase 2 and phase 3 trials, discontinuation of Dmab treatment
is followed by a transient increase of bone turnover markers
(BTMs) above pretreatment levels, which peaks between 12
and 18 months after the last Dmab injection, together with an
accelerated bone loss at both spine and hip [2—4]. This raises
the possibility of a transient increase in bone fragility, which is
of particular concern in osteoporotic patients who remain at
high fracture risk. Few cases of multiple vertebral fractures
have been reported in patients who discontinued Dmab with-
out any further antiresorptive agent [5—9]. A recent analysis of
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the FREEDOM study showed that discontinuation of Dmab
was associated with an increase in vertebral fracture risk to
levels observed in the placebo group but with a greater inci-
dence of multiple events [10] Although continuous treatment
with Dmab for up to 10 years has been shown to be safe and
efficacious, many patients interrupt Dmab therapy earlier on
for a variety of reasons (inconvenience, fear of side effects,
reached apparent treatment target). Many patients on Dmab
have been previously treated with bisphosphonates (BPs), in
which case inhibitory effects on bone turnover may persist
several years after the end of therapy [11, 12]. Indeed, BPs
can remain stored for a long time in the bone matrix [13],
particularly when their release from the bone surface has been
slowed down by other potent antiresorptive agents such as
Dmab. This raises the hypothesis that previous treatment with
long-acting BPs could blunt the increase of bone turnover
occurring upon Dmab discontinuation. We investigated the
level of the serum bone resorption biochemical marker CTX
according to their previous exposure to BPs or not, in osteo-
porotic patients who discontinued Dmab injections.

Patients and methods

In a retrospective observation, we assessed fasting serum CTX
in 37 patients (mean age 68.2 + 4.2, range 50-84),
11.5 + 4.6 months after last Dmab injection. Among these
37 patients, 12 patients were BP “naive” at Dmab initiation,
17 patients were treated with BP prior to Dmab for at least
11 months, and 8 patients received only 1 Dmab injection (7
had prior BPs and 2 were on menopausal hormone therapy).
The latter subjects were considered as 1 group, irrespective of
previous BP, since it has been shown that a single Dmab
injection was not followed by an increase in bone turnover
markers above pretreatment values [3, 14]. The indications for
Dmab treatment were osteoporosis (n = 35) or aromatase in-
hibitor therapy (n = 2). The reasons for discontinuing Dmab
administration were general practioners’ decision (n = 11), pa-
tients” unwillingness to pursue therapy (n = 10), concern about
teeth problems (n = 4), fracture occurrence (n = 3), skin dis-
order (n = 3), end of aromatase inhibitor therapy (n = 2), hy-
pocalcemia (n = 1), insurance coverage refusal (n = 1), and
unknown (n = 2). These causes were similarly distributed
among the 3 groups. In the group previously treated with
bisphosphonates for up to 15 years, 12 patients received only
1 compound (10 alendronate, 1 IV ibandronate, 1
pamidronate), 3 patients received successively 2 compounds
(1 risedronate then zoledronate, and 2 alendronate then
ibandronate), and 2 received 3 (alendronate-risedronate-
zoledronate, and alendronate-ibandronate-zoledronate). In
the group with only 1 Dmab injection, 7 patients were previ-
ously treated with BP (4 alendronate, 3 alendronate followed
by ibandronate).
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Fasting blood samples were collected for the determination
of the bone resorption biochemical marker CTX. Various as-
says were used (Elecsys-Roche, n = 5; IDS-ISYS, n = 26;
ECLIA-Cobas 8000-Roche, n = 6). All the clinical chemistry
laboratories were applying a central quality control program
(Swiss quality control program). When several sequential se-
rum values were available, we selected the blood sample col-
lected nearest to the 12 to 18 months interval after the last
Dmab injection. This period corresponds to the highest values
of bone turnover markers as reported during the offset of the
phase 2 trial [2].

Data are reported as medians and interquartile ranges un-
less otherwise specified. Differences in CTX levels between
groups were assessed using nonparametric tests (Mann-
Whitney test). The data were analyzed using STATA software,
version 14.0. (StataCorp LP, College Station, TX, USA).

Results

Thirty-seven patients who had discontinued Dmab treatment
for various reasons (as detailed in “Patients and methods”
section) were segregated into 3 groups for comparison, name-
ly (1) those who received a single Dmab injection, irrespective
of previous exposure to BPs; (2) those who received multiple
injections of Dmab and who were not previously treated with
BPs (BP naive); (3) and those who received multiple Dmab
injections after BP therapy (Table 1).

In the group who discontinued Dmab treatment after a sin-
gle injection, most patients (7/8) were previously on BPs and
no elevated CTX was seen (Fig. 1). In the 2 groups who
stopped Dmab after repeated injections, Dmab treatment had
lasted 1 to 4.5 years (2 to 9 subcutaneous injections), with no
difference in treatment duration between BP naives and pre-
vious BP groups (Table 1). In the BP-naive group, post-
denosumab CTX levels were above the premenopausal range
in 9 out of 12 patients, among whom 3 were actually above the
postmenopausal range. In those 9 patients, mean CTX as mea-
sured on average 11.3 months (range 6-23) after the last
Dmab injection was increased +114% (range 28—-320%)
above the upper premenopausal threshold. As shown in
Fig. 1, only 3 patients in this group had apparently normal
CTX values, as measured 6 (1 patient) and 8 (2 patients)
months after the last Dmab injection. In this case, we cannot
exclude that later sampling could have shown some higher
values.

Among the 17 patients who discontinued Dmab after mul-
tiple injections but were previously exposed to BPs, BP ther-
apy had lasted 11 months to 15 years, and the interval between
the last BP and the first Dmab administration varied between 0
and 72 months. All but 3 of them kept CTX levels within the
premenopausal range after Dmab discontinuation (Fig. 1).
Hence, median CTX values were significantly higher in BP
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Table 1  Patient characteristics
Repeated Dmab injections Repeated Dmab injections Single Dmab
and BP naive and previous BP injection
Number (women) 12 (11) 17 (16) 8 (6)
Mean age (years) 67.1+2.1 69.0+2.1 68.3 +10.0
Range 55-82 60-84 50-81
Number with previous BP 0 17 7
BP duration (years) 0 69+58 12.8+33
Range 0.9-15 5.5-15
Mean time between end of BP and Dmab initiation (months) 0 249 +10.6 29.8 £10.6
Range 0-60 9-72
Mean number of Dmab injections 5.8+0.2(0.7) 4.1+0.34(14) 1
Range 3-9 2-7
Mean time between last Dmab injection and CTX sampling (months) 11.3£3.5 11.2+£5.6 123+£0.7
Range 6-23 7-24 8-14
Values are means + SD
Dmab denosumab, BP bisphosphonates
naive compared to previously exposed subjects (Fig. 2).  Discussion

Among the 3 with elevated CTX despite previous BP expo-
sure, 1 patient had similarly high values during her previous
alendronate therapy (data not shown), raising the possibility of
poor compliance and/or absorption; the 2 others had received
ibandronate, which has a time-limited effect on bone resorp-
tion [14].

In a subgroup of patients (n = 8) who discontinued Dmab
after several injections and who were previously treated with
BPs, we were able to compare serum CTX levels 1 year after
the last Dmab with pre-denosumab values. In all but 1 patient,
serum CTX values remained in the premenopausal range
1 year after Dmab and were similar to pre-treatment levels
(difference after-before Dmab, 0.03 + 0.04 ng/mL, ¢ = 0.88)
(Fig. 3).

Fig. 1 Serum CTX values
according to time after last
denosumab (Dmab) injection in
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In this retrospective observation, CTX levels in patients
having discontinued Dmab treatment for various reasons
remained within the premenopausal range several months
after cessation of Dmab therapy when they had received
long-acting bisphosphonates before Dmab. In contrast,
patients not previously treated with BPs displayed elevat-
ed values compatible with a bone turnover increase upon
discontinuation of Dmab therapy, as reported during the
offset of both phase 2 and 3 clinical studies [2, 3]. The
highest bone turnover marker values have previously been
reported to occur between 12 and 18 months after the last
Dmab injection [2]. For our analysis, we selected serum
samples around these time points.
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Fig. 2 Boxplots of CTX levels per group, showing medians, quartiles,
minimum and maximum and outlier values after Dmab cessation in
bisphosphonate (BP)-naive patients, in patients previously treated with
BP, and in patients having received only 1 Dmab injection. There is a
significant statistical difference between BP-naive and previously BP-
treated patients. One dotted line (=== ) corresponds to the upper
limit of premenopausal values and the other (- ===+ =— - ) to the upper
limit of premenopausal values of CTX

Bisphosphonates are potent inhibitors of bone resorption,
with biological effects lasting much longer that their period of
administration. This is particularly true for alendronate and
zoledronate, for which decreased bone turnover has been found
at least 5 years after treatment discontinuation, as assessed by
either biochemical markers or bone biopsies [11, 12]. The du-
ration of biological activity of those agents is still unknown,

Fig. 3 Serum CTX values of
individuals in a subgroup of 8
patients who received more than 1
Dmab injection and previously
treated with bisphosphonate,
before the first Dmab injection
and 1 year after the last one. One
dotted line (===mm==— )
corresponds to the upper limit of
premenopausal values and the
other (+ ==+ =— - ) to the upper
limit of premenopausal values of
CTX

CTX (ng/mL)
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although pamidronate has been found in the circulation even
7 years after the last BP injection [13]. Under these conditions,
it could be expected that the increase of bone turnover occurring
after Dmab discontinuation, which is explained by a synchro-
nous restoration of all bone remodeling units following the
withdrawal of RANK Ligand inhibition, could be blunted or
even fully prevented by prior long-acting BP treatment. Our
observation is compatible with this hypothesis. In particular,
the subgroup of patients previously treated with BPs showed
similarly low serum CTX values before and after Dmab, sug-
gesting that the bone turnover increase was prevented.
Surprisingly though, we observed a lack of higher values even
in a patient who had been exposed to alendronate 14 years
before denosumab. In this case, the BP may have been stored
in the bone matrix below the surface. It remains possible how-
ever that even in this case, the reactivation of bone resorption by
newly formed osteoclasts once Dmab is discontinued has erod-
ed the bone surface and released alendronate to the bone-
resorbing cells, thus preventing their action to be initiated.
Multiple vertebral fractures after Dmab cessation have been
reported through sporadic cases or post hoc analysis, which
might be a consequence of a rapid increase in bone turnover
[5-9]. In this case, our data may suggest that bone fragility in
patients discontinuing Dmab might be less in those previously
treated with bisphosphonates. In contrast, those who were poor-
ly compliant with BPs or had received ibandronate, which has a
time-limited effect on bone resorption [15], did show elevated
CTX values.

This observation suffers some limitations. It is retrospec-
tive, describes a limited number of heterogeneous patients
attending an outpatient clinic, and uses CTX data obtained
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in various clinical chemistry laboratories. Different assays and
the lack of batchwise assessment have likely increased the
variability of the determinations. Furthermore, it is based on
only one time point and, therefore, does not allow to evaluate
the kinetics of CTX changes upon Dmab discontinuation.
Finally, without BMD measurements, we could not evaluate
the effects of previous exposure to BPs on the rate of bone loss
post-Dmab.

In conclusion, higher CTX levels after discontinuation of
Dmab therapy were not systematically detected in patients
previously treated with long-acting BPs. This observation is
likely reflecting the persistent effects of BPs on bone turnover.
Larger, prospective studies are needed to eventually confirm
this observation and to evaluate the impact of previous BP
therapy on post-denosumab bone loss and vertebral fracture
risk.
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