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Introduction: Osteoporosis development is a frequent complication associated with spinal cord injury (SCI), especially
at the sublesional level. However, at present, data on its treatment are scarce.

Aim: To analyze bone mineral density (BMD) and bone turnover markers (BTM) after 2-year treatment with denosumab
in individuals with SCI-related osteoporosis.

Methods: Prospective study including patients with recent SCI and related osteoporosis treated with denosumab for 24
months. In all patients, BTMs (bone ALP, sCTX and PINP), 25-OH-vitamin D levels and lumbar and femoral BMD were
assessed at baseline and at 12 and 24 months.

Results: 13 patients (aged 39+15 years) with recent SCI (mean duration of 15 months) and osteoporosis treated with
denosumab for 24 months were included. Patients showed a significant increase in BMD at lumbar spine and proximal
femur after 12 months of treatment with denosumab, with a further increase in BMD at 24 months of follow-up, reaching
an increase of 9.1% in lumbar spine, 4.4% in femoral neck and 5.3% total femur, respectively. BTM significantly decrease
at 12 months and remained decreased at 24 months of follow-up. No skeletal fractures or treatment-related adverse
events were observed during follow-up.

Conclusions: Treatment with denosumab during 24 months increases lumbar and femoral BMD and decreases BTMs in

patients with recent SCI. Denosumab may be a promising therapeutic option in SCI-related osteoporosis.
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INTRODUCTION

After a spinal cord injury (SCI) there is a marked loss of
bone mass and an increase in remodeling that leads to
the development of osteoporosis and skeletal fractures,
especially below the level of the injury'-3. Thus, more
than 50% of patients with complete SCI develop densi-
tometric osteoporosis one year after SCI!, which can
reach 81% of patients after more than 5 years of SCI*.
However, despite the high incidence of osteoporosis and
fractures, the therapeutic approach to these patients is
clearly deficient, since less than 10-20% of them receive
anti-osteoporotic treatment?®.

»
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There are few studies that analyze the effect of anti-
osteoporotic treatment on osteoporosis associated with
SCI. In this sense, treatment with oral or intravenous bis-
phosphonates, especially zoledronate, has been shown
to reduce the loss of bone mineral density (BMD) in this
process. However, in patients with recent SCI, in whom
there is a rapid and marked loss of BMD associated with
an increase in bone turnover, its efficacy is lower, espe-
cially at the infra-lesional level, in the lower limbs®?,
where most fragility fractures occur in these patients?
Along the same lines, teriparatide, a bone-forming tre-
atment, has also not shown efficacy in preventing bone
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loss in this process?. All this indicates the need to im-
prove the therapeutic approach in these patients, not
only at the advanced stages of the disease, but also early
after SCI, when the magnitude of bone loss is greater,
thus preventing associated long-term complications.

Denosumab, a monoclonal antibody directed against
RANK-ligand, is an essential mediator for osteoclast diffe-
rentiation and survival, with a marked antiresorptive ef-
fect and demonstrated effectivity in the treatment of
postmenopausal and male osteoporosis'!. It offers a re-
markably positive effect on cortical bone, such as the pro-
ximal femur or distal forearm!!. Therefore, the use of
denosumab could be especially indicated in treating pa-
tients with SCI and osteoporosis. In fact, an increased ex-
pression of RANKL was observed in an animal model of
mice with SCI'2, suggesting a potential therapeutic role for
denosumab in this clinical situation. Similarly, in a recent
exploratory study that included a limited number of pa-
tients with SCI, a preventive effect of denosumab on bone
loss a few months after SCI was observed!®. We previously
reported a positive effect of this type of treatment in pa-
tients with SCI and osteoporosis during a 12-month fo-
llow-up period'*.

This study reports our experience in patients with re-
cent complete motor SCI treated with denosumab over
24 months.

PATIENTS AND METHODS

Study design and patient selection

This study is part of a prospective observational study
with the main objective of analyzing the effect of recent
SCI (<6 months) on bone mass loss and bone metabo-
lism in these patients®. The patients were consecutively
recruited at the Guttmann Neurohabilitation Institute,
and subsequently referred to the Metabolic Bone Patho-
logy Unit of the Rheumatology Service of the Hospital
Clinic de Barcelona. Antiosteoporotic treatment was in-
dicated in those patients who presented densitometric
OP during follow-up. In patients with 25-OH-vitamin D
deficiency ([25-OHD] <20 ng/ml), vitamin D supple-
ments were indicated. The study was approved by the
ethics committee of the Hospital Clinic de Barcelona
and the Guttmann Neurorehabilitation Institute. All pa-
tients signed the informed consent prior to their inclu-
sion.

In this study, we present data on the effect of anti-os-
teoporotic treatment with denosumab on BMD evolu-
tion of bone turnover markers (BTM) in individuals with
SCI who developed osteoporosis during follow-up and
completed 24 months of treatment with denosumab,
with 13 patients included.

METHODS

All patients underwent a clinical and analytical assess-
ment with BTM quantification and bone densitometry
at baseline and at 12 and 24 months of follow-up.
Osteoporosis risk factors, body mass index (BMI), and
injury characteristics were collected, including the level
of SCI (tetraplegia/paraplegia), the presence of spasti-
city, and the severity of SCI according to the scale of AIS*®
that classifies according to motor and sensory involve-
ment in 5 categories: A: complete motor and sensory
SCI; B: complete motor and partial sensory SCI; C and D:
partial motor and sensory; E: no motor or sensory le-
sion. The incidence of skeletal fractures and potential
adverse effects during follow-up were also collected.

Analytical determinations

Analytical determinations included: creatinine, calcium
and phosphate by automated methods. The values of 25-
OHD (Liason DiaSorin) and the following BRMs were
quantified: bone alkaline phosphatase (bone FA by IDS,
Vitro), type I procollagen amino-terminal propeptide
(PINP by Cobas e411, Roche) and type I collagen car-
boxyterminal telopeptide. I (CTX by Cobas e411 auto-
mated method, Roche).

Bone mineral density

Lumbar spine and proximal femur BMD (femoral neck
and total femur) were quantified by dual X-ray absorp-
tiometry (DXA; Lunar Prodigy, Radiation Corporation
Madison, WI) at baseline, and at 12- and 24-month fo-
llow-up. The densitometric categories were defined ac-
cording to WHO criteria (normal BMD, osteopenia and
osteoporosis)?.

Statistic analysis

The results have been expressed as the mean # standard
deviation of the mean (SD). The differences between
means of the continuous variables were analyzed using
Student’s t-test and the differences between proportions
using the Chi-square. To compare paired variables (ba-
seline and 12 months; 12 months and 24 months; base-
line and 24 months) the Wilcoxon non-parametric test
was used. To assess the association between analytical
and densitometric variables, the Pearson correlation co-
efficient was used. The value p<0.05 was considered sta-
tistically significant.

REesuLts

The clinical characteristics of the individuals included in
the study are shown in table 1.

In all, 13 men were included, with a mean age of
39+15 years at 15+4 months after having suffered SCL
All patients had severe SCI (ASIA A or B) and 61% had
tetraplegia. Most of them had spastic-type SCI (85%)
and all of them required a wheelchair to get around. The
main cause of SCI was traffic accident (85%). One pa-
tient presented SCI attributed to precipitation and ano-
ther due to a sports accident. All the patients included
in the study had developed osteoporosis during the in-
itial follow-up period (prior to starting anti-osteoporotic
treatment with denosumab).

At 12 months from the start of treatment with denosu-
mab, a significant increase in BMD was observed in all lo-
cations analyzed: lumbar spine (+7.47+3.67%, p=0.001)
and femoral neck (+3.03+3.73, p=0.019) (table 2 and figure
1). Likewise, at 12 months, a significant decrease was ob-
served in all the ROM: bone FA (-41£22%, p=0.003); PINP
(-53+26%, p=0.001) and CTX (-59+29%, p=0.002) (figure 2).

At 24 months of treatment, an additional increase in
BMD was observed in all locations. Thus, the patients
achieved a total increase in BMD at 24 months of
+9.1+4.4% in the lumbar spine (p=0.002); +4.4+£5.1% in
the neck of the femur (p=0.033) and +5.3+5.7% in the total
femur (p=0.011) (table 2 and figure 1). The BTMs persis-
ted decreased at 24 months with an overall decrease in
bone FA (-38+27%, p=0.003); PINP (-43+27%, p=0.001)
and CTX (-42+35%, p=0.005) (table 2 and figure 2).

BMD evolution was not related to changes in BTM or
25-0HD values. No patient presented skeletal fragility
fractures during follow-up or adverse effects associated
with treatment.
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Discussion

The results of this study confirm the efficacy of denosu-
mab in the treatment of osteoporosis associated with re-
cent onset SCI, not only in the prevention of bone loss
but also in the sustained increase in BMD after 24
months of treatment. Thus, treatment with denosumab
for 24 months was associated with a progressive and
significant increase in bone mass in all skeletal locations,
both in the lumbar spine and at the sub-lesional level, in
the proximal femur, and with a sustained decrease in
BTM during the 24-month treatment period.

The results presented indicate that treatment with
denosumab in patients with osteoporosis associated
with SCI not only prevents the loss of bone mass, but
even partially reverses this loss, reporting an increase
of +7.47% in the lumbar spine and +3% in femoral neck
at 12 months of treatment. In addition, and as expected,
the patients achieved a greater increase in bone mass
after the second year of treatment with denosumab, up
to +9% in the lumbar spine and +5% in the proximal
femur. While untreated patients, according to the litera-
ture, present sustained BMD losses between 2% and
21%?117-2°, depending on the location evaluated (spine
and/or proximal or distal femur), and the time of evolu-
tion of SCI, observing the greatest losses of BMD during
the first 1-2 years after its establishment!-2°,

Although this is an observational study that includes a
small number of patients, it is important to point out that
denosumab produced an increase in BMD, not only in the
lumbar spine, but also at the sub-lesional level, in the neck
of the femur and in the total femur, and that was 9.1% in
the lumbar spine, 4.4% in the neck of the femur and 5.3%
in the total femur after two years of treatment. To date,
this is the only anti-osteoporotic treatment that has been
associated with a BMD increase in patients with OP asso-
ciated with a recent SCI. Our patients had complete motor
SCI with a mean onset time of 15 months, which usually
coincides with the period of greatest bone loss®*'°%°, in
which, with the exception of denosumab®3. There does not
seem to be an effective anti-osteoporotic treatment, par-
ticularly to prevent infralesional loss in lower limbs. In this
sense, treatment with antiresorptive drugs, such as oral
and/or intravenous bisphosphonates (including alendro-
nate, pamidronate or zoledronate), or bone formers, such
as teriparatide, have only been shown to attenuate the loss
of bone mass in the lower limbs after a recent SCI*1021-22,
However, in patients with long-standing SCI, in whom the
magnitude of bone loss and bone turnover has decreased,
bisphosphonates seem to have a preventive effect®’. Al-
though, the need to carry out new studies that include a gre-
ater number of patients with longer follow-up time to
evaluate the treatment of these patients has been indicated?.

Likewise, treatment with denosumab was associated
with a decrease in the values of all the BTMs analyzed in this
study (bone FA, PINP and CTX), with a decrease of the order
of ~40% after 24 months of treatment, a finding that we
have observed in patients with SCI with a similar evolution
time who did not undergo this treatment, in whom an in-
crease in BTM persists?*. This decrease was similar in mag-
nitude to that reported in the treatment of postmenopausal
osteoporosis and in men with this type of therapy*'?°.

On the other hand, although this is an observational
study that includes a small number of patients, no side
effects related to denosumab treatment or the develop-
ment of new skeletal fractures were observed during the
24-month follow-up.
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Clinical features

Age (years)

Table 1. Clinical, analytical and densitometric characteristics
of patients with SCI at baseline

LM treated with
denosumab
(n=13)

3915 (19-65)

Sex/male (n, %) 13 (100)
BMI (Kg/m?) 23+4 (16-32)
Calcium intake by diet (mg/day) 550+387
Daily alcohol consumption (n, %) 1(8)
Active smoking (n, %) 1(8)
Characteristics of the LM
LM evolution time (months) 15+4 (8-21)
Complete motor involvement: ASIA A or B (%) 100
Wheelchair use (%) 100
Paraplegia/tetraplegia (%) 39/61
Spasticity (%) 85
Bone metabolism parameters
Calcium (mg/dl) 9.8+0.34
Phosphate (mg/dl) 3.7+0.34
25-0HD (ng/ml) 30+28
Densitometric data
Lumbar BMD (g/cm?) 1.177+0.128
Lumbar T-Scale (SD) -0.58+1.09
Lumbar Z scale (SD) -0.43+1.14
BMD neck of femur g/cm?) 0.759+0.084
Femoral neck T scale (SD) -2.39+0.64
Femoral neck Z scale (SD) -1.86+0.76
Total femur BMD (g/cm?) 0.727+0.067
Total femur T scale (DE) -2.78+0.52
Total Femur Z Scale (DE) -2.48+0.58

Results expressed as mean * SD, n and %.
LM: spinal cord injury; BMI: Body Mass Index; 25-OHD: 25-OH-vi-
tamin D; SD: standard deviation.

Table 2. BMD development and bone remodeling markers
at 12 and 24 months of treatment with denosumab

Basal 12 months 24 months
Densitometric data (BMD)

1.177+0.128 1.262+0.113* 1.282+1.124*
0.759+0,084 0.782+0.091* 0.793+0.103*

0.727+0.067 0.743+0.060 0.766+0.082*

Lumbar (g/cm?)
Femur neck (g/cm?)
Total femur (g/cm?)

Bone remodeling markers

PINP (ng/mL) 70%29 29+13* 35+12*
Bone AP (ng/mL)  16.6:52  8.8%2.6*  9.3:2.9*
CTX (ng/mL) 0.713+0.439 0.210+0.101* 0.315%0.187*

Results expressed as mean + SD.

* p<0.05 compared to baseline values.

T p<0.05 compared to values at 12 months.

BMD: bone mineral density; PINP: type [ procollagen amino-terminal
propeptide; Bone AP: bone alkaline phosphatase; CTX: carboxy-termi-
nal telopeptide of type I collagen.
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Figure 1. Percentage change in BMD (+ standard devia-
tion) in the lumbar spine, total femur, and femoral neck
at 12 (green bars) and 24 (orange bars) months after
starting treatment with denosumab

Figure 2. Percentage change in BMR (* standard devia-
tion) at 12 (green bars) and 24 months (orange bars)
after starting denosumab treatment
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* p<0.05 compared to baseline values.

There are few studies that assess the effect of anti-os-
teoporotic treatment in the medium term in individuals
with SCI. Most studies published to date include only 6-
24 months of treatment with teriparatide, bisphospho-
nates, or denosumab®-1013.141821.22

This is the first observational study that assesses the
effect of anti-resorptive treatment with denosumab for 2
years in individuals with OP associated with SCI.

Although the small number of patients and the ab-
sence of a control group constitute limitations of the
study, it is important to highlight that it is a homogene-
ous cohort of patients, which includes men with recently
established complete traumatic SCI with six-monthly fo-
llow-up, and in the that all patients experienced a mar-
ked and rapid loss of infralesional BMD after SCI.

*p<0.05 compared to baseline values.

Therefore, despite the characteristics of the study, we
consider that these results provide useful information
in the management of osteoporosis associated with this
entity.

In conclusion, patients with OP associated with re-
cent onset SCI treated with denosumab for 24 months
show a significant increase in BMD at the lumbar and fe-
moral levels. Therefore, denosumab could be a promi-
sing therapeutic option in this clinical situation. Studies
that include a larger number of patients and with a lon-
ger follow-up time are needed to analyze the long-term
effect of this treatment on this condition.
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