
REGULAR ARTICLE

Denosumab in transfusion-dependent thalassemia osteoporosis: a
randomized, placebo-controlled, double-blind phase 2b clinical trial

Ersi Voskaridou,1 Ioannis Ntanasis-Stathopoulos,2 Athanasios Papaefstathiou,3 Dimitrios Christoulas,4 Maria Dimopoulou,1

Konstantina Repa,1 Athanasios Papatheodorou,5 Melpomeni Peppa,3 and Evangelos Terpos2

1Thalassemia and Sickle Cell Disease Center, “Laiko” General Hospital, Athens, Greece; 2Department of Clinical Therapeutics and 3Endocrine Unit, Second Department
of Internal Medicine-Propaedeutic, Research Institute and Diabetes Center, National and Kapodistrian University of Athens School of Medicine, Athens, Greece; and
4Department of Hematology and 5Department of Biomedical Research, 251 General Air-Force Hospital, Athens, Greece

Key Points

•Denosumab given
twice per year in
patients with TDT
increased the bone
mineral density of the
L1-L4 more efficiently
than placebo.

•Denosumab resulted in
a significant reduction
of bone resorption and
pain scores after 12
months, which was not
observed in placebo
group.

Denosumab (DNM) is a fully human monoclonal antibody against the receptor activator of

nuclear factor kappa-B ligand (RANKL) that has been licensed for the treatment of different

types of osteoporosis. However, the prospective data for the evaluation of DNM efficacy on

transfusion-dependent thalassemia (TDT)–induced osteoporosis are rather limited. Thus,

we conducted a randomized, placebo-controlled, double-blind, phase 2b clinical trial to

evaluate DNM in TDT osteoporosis. Patients were assigned to receive either 60 mg DNM

(n 5 32) or placebo (n 5 31) subcutaneously on day 0 and 180 during a total of 12 months

of follow-up. The percentage increase of L1-L4 bone mineral density was higher in the DNM

group than the placebo group (5.92% 6 5.25% vs 2.92% 6 5.56%, respectively; P 5 .043),

whereas the advantage of DNM regarding wrist bone mineral density was much higher

compared with placebo (20.26% 6 5.31% vs 23.92% 6 8.71%, respectively; P 5 .035). No

grade 3 or 4 toxicity was observed. DNM reduced pain scores that remained unaltered in

the placebo group. DNM showed a significant reduction of soluble RANKL (sRANKL),

sRANKL/osteoprotegerin ratio, C-telopeptide of collagen type I, tartrate-resistant acid

phosphatase isoform-5b, and bone-specific alkaline phosphatase between baseline and

the 12th month (P , .01 for all comparisons) without changes in dickkopf-1, sclerostin,

and osteocalcin. On the contrary, placebo patients showed an increase in sRANKL,

osteoprotegerin, dickkopf-1, sclerostin, C-telopeptide of collagen type I, tartrate-resistant

acid phosphatase isoform-5b, and bone-specific alkaline phosphatase during the study

period (P , .01 for all comparisons). In conclusion, DNM increased lumbar spine and

wrist bone mineral density and reduced pain and bone remodeling markers, and thus it

is another valuable option for the management of TDT-induced osteoporosis. This trial was

registered at www.clinicaltrials.gov as #NCT02559648.

Introduction

As treatment with transfusion programs and chelation therapy have significantly prolonged survival in
patients with transfusion-dependent thalassemia (TDT), osteopenia and osteoporosis significantly
add to the morbidity burden in young adults.1,2 The reported incidence ranges between 40% and
50%.3,4 Thalassemia-induced osteoporosis is multifactorial, and thus its management is rather
puzzling. Both genetic (collagen type Ia1 [COLIA1] gene, vitamin D receptor polymorphisms) and
acquired factors including bone marrow expansion, iron overload and iron chelators, endocrine
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dysfunction, nutritional deficiencies, and renal involvement seem
to play a key role in the development of low bone mass in these
patients.2,5 The therapeutic challenge lies in the fact that despite the
normalization of hemoglobin levels, adequate hormone replacement,
and effective iron chelation, bone turnover remains deregulated,
and the increased resorptive phase results in seriously reduced
bone mineral density.6-8 The increased bone resorption observed in
patients with thalassemia-induced osteoporosis has led to the use of
bisphosphonates in this subset of patients, as bisphosphonates are
potent inhibitors of osteoclastic bone resorption.9-11

The emergence of novel biomarkers of bone remodeling has
elucidated the underlying pathophysiology of the disease. In parallel
to the well-described osteoblast dysfunction, accumulating evidence
suggests the increased osteoclast activation as another major
pathogenic mechanism for osteoporosis in TDT.12 The receptor
activator of nuclear factor kappa-B (RANK)/RANK ligand (RANKL)/
osteoprotegerin (OPG) molecular pathway seems to be of great
importance for the activation and proliferation of osteoclast
precursors. Previous studies have shown that circulating RANKL,
the most potent osteoclast activator, is elevated in patients with
TDT and is associated with low bone mineral density.9,13,14

Denosumab (DNM) is a fully human monoclonal antibody that binds
RANKL with high affinity and specificity and inhibits its action. DNM
has shown efficacy in both men and postmenopausal women with
osteoporosis,15-17 as well as in bone disease attributed to solid
tumors18-20 and multiple myeloma.18,21

To our knowledge, there are only limited data regarding the effect
of DNM in TDT-induced osteoporosis.22 Thus, the aim of this
prospective, randomized, placebo-controlled, double-blind, phase
2b clinical trial was to evaluate the efficacy and safety of DNM in
patients with TDT and osteoporosis and provide an insight into
surrogate biomarkers of bone turnover.

Methods

Study design

This was a single-site, randomized, placebo-controlled, double-blind
phase 2b clinical trial. Patients with a TDT and bone mineral density
T score between 22.5 and 24.0 in at least 1 of the 3 examined
sites (lumbar spine, femoral neck, or wrist bone) participated in this
study and were treated with DNM or placebo. On enrolment in the
study, patients were randomly assigned in a 1:1 fashion to receive
either 60 mg DNM or placebo administered subcutaneously (sc)
every 6 months for 12 months, for a total of 2 doses (day 06 3 and
day 180 6 3). The dosage of DNM was based on a randomized,
double-blind, placebo-controlled, phase 3 trial (FREEDOM) dem-
onstrating that DNM treatment reduced the incidence of new
vertebral fractures, new nonvertebral fractures, and hip fractures
when compared with placebo in postmenopausal women with
osteoporosis.15 The overall study design and plan are depicted in
Figure 1.

This trial was conducted at Thalassemia Reference Centre at Laiko
General Hospital (Athens, Greece). The protocol was approved by
the independent ethics committee and the institutional review
board. The study was conducted according to International
Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use–Good Clinical
Practice guidelines for clinical trials, the Declaration of Helsinki,
and local rules and regulations of the country. It is registered with
ClinicalTrials.gov (NCT02559648). All patients provided written
informed consent for participation in the study.

Eligibility criteria

Patients were deemed eligible for inclusion if they had a diagnosis of
TDT and low bone mineral density (T score between22.5 and24.0)
in at least 1 of the 3 examined sites; namely, lumbar spine, femoral
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Figure 1. Study schema. On enrolment in the study after eligibility assessment, patients were randomly assigned in a 1:1 fashion to receive either 60 mg DNM or placebo sc,

every 6 months for 12 months for a total of 2 doses (Day 0 6 3 and Day 180 6 3). Patients were followed every 3 months for clinical and laboratory evaluation.
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neck, and wrist bone. Only adults .30 years of age described as
skeletally mature subjects were included. Patients with bone mineral
density T score less than 24.0 in 1 of the 2 studied sites (lumbar
spine, femoral neck) or those with previous administration of DNM or
bisphosphonates, fluoride, and strontium ranelate within 1 year of
study enrolment were excluded. Additional exclusion criteria are
provided in supplemental Methods.

Randomization and masking

This was a double-blind clinical trial; neither the patient nor the
investigator knew which patient belonged to the test group (DNM
group) or the control group (placebo group). Details of the random-
ization andmasking procedures are provided in supplemental Methods.

Procedures

Interventions. After successful enrolment and randomiza-
tion, patients received either sc DNM 60 mg (Prolia, Amgen,
Colorado) or sc placebo every 6 months for 12 months, for a total
of 2 doses (day 0 6 3 and day 180 6 3). Participants were also
provided daily supplements of calcium ($1000 mg elemental
calcium/day) and vitamin D ($400 IU/day if screening level was
.20 ng/mL or $800 IU if screening level was 12-20 ng/mL)
throughout the study.

Clinical and laboratory follow-up. The patients were
evaluated at screening and at each visit thereafter. A detailed
description of the assessments is provided in supplemental Methods.

Measurement of bone mineral density. Measurement of
bone mineral density with dual-energy X-ray absorptiometry
(LUNAR, PRODIGY version 8.60.006/SYSTEM GE medical
system LUNAR USA 726; Heartland Trail, Madison, WI) at 3 body
sites (lumbar spine; L1-L4, femoral neck, and wrist bone) was
conducted during the screening period (day228 to21) and at the
end of the study (day 364 6 3).

Evaluation of bone pain. Bone pain was quantified accord-
ing to Huskisson’s visual analog scale (0 cm, no pain; 10 cm,
worst pain possible).23 Patients were asked to evaluate this scale
before entering the trial and then 12 months after DNM or placebo
administration. The McGill–Melzack scoring system, a verbal scale
with 6 levels ranging from 0 to 5 (0, no pain; 1, mild pain; 2,
troublesome pain; 3, severe pain; 4, very severe pain; 5, excruci-
ating pain) was also measured at the times mentioned.24

Measurement of markers of bone remodeling. Four
categories of markers of bone remodeling were assessed on day 0
and then every 3 months up to 12 months (every patient had
5 measurements), using commercially available enzyme-linked immu-
nosorbent assays: bone resorption markers including C-terminal
crosslinking telopeptide of type I collagen and tartrate-resistant acid
phosphatase isoform-5b; bone formation markers including bone-
specific alkaline phosphatase and osteocalcin; osteoclast regulators
including sRANKL and OPG; and osteoblast inhibitors including
dickkopf-1 and sclerostin. Details of commercial kits used are
provided in supplemental Methods.

Study endpoints

The primary objective was to evaluate the effect of DNM (plus vitamin
D and calcium) (DNM group) on lumbar spine bone mineral density in
patients with TDT and osteoporosis as compared with control
(placebo plus vitamin D and calcium; placebo group) at 12 months.

Secondary objectives of this study were to evaluate the effect of
treatment (DNM group) on femoral neck and wrist bone bone
mineral density as compared with control (placebo group) at
12 months, to evaluate the effect of DNM on pain scores, to evaluate
the effect of DNM onmarkers of bone remodeling, and to evaluate the
safety profile of DNM in patients with TDT and osteoporosis.

Statistical analyses

Analyses of efficacy were based on the intention-to-treat principle.
All P values were 2-sided, the level of significance was equal to .05,
and confidence intervals referred to 95% boundaries. Statistical
analyses were performed using the SAS/STAT statistical package.
Further details are provided in supplemental Methods.

Role of the funding source

The funder of the study had no role in study design, data collection,
data analysis, data interpretation, or writing of the report. The
corresponding author had full access to all the data in the study and
had final responsibility for the decision to submit for publication.

Results

Patient characteristics

Sixty-three patients with TDT-induced osteoporosis were deemed
eligible for inclusion in the clinical trial from 18 September 2014 to
2 December 2015. Thirty-two patients were randomly assigned to
the DNM group, and 31 to the placebo group. All patients received
the allocated treatment and were included in the analyses. In total, 3
discontinuations occurred; specifically, 1 patient from the placebo
group was lost to follow-up after day 272 and 2 patients from the
DNM group withdrew consent after day 0. The corresponding
consort flow diagram is shown in Figure 2.

Baseline patient characteristics are provided in Table 1. Study
population had no differences in the distribution of sex or hypogonadism
among patient groups. Median (range) age was 52.5 (34-70) years
for the DNM group and 56.0 (36-78) years for the placebo group
(P 5 .254). Median (range) elapsed time from first osteoporosis
diagnosis to study entry was 1.0 (0-25.8) year for the DNM group
and 0.5 (0-19.7) years for the placebo group (P 5 .908).

No statistically significant differences between DNM and placebo
group were observed regarding the mean values of hemoglobin,
platelets, white blood cells, glucose, urea, creatinine, uric acid, AST,
ALT, gGT, total bilirubin, direct bilirubin, LDH, total protein, albumin,
ferritin, iron, phosphate, potassium, sodium, magnesium, 25-hydroxy-
vitamin D, fT3, or fT4. The mean value of alkaline phosphatase
was lower in the placebo group compared with the DNM group
(68.48 IU/L vs 85.45 IU/L, respectively; P 5 .013).

None of the study patients had a history of spontaneous fractures.
All study participants had TDT; thus, they had a history of blood
transfusions. The median (range) values for the number of
transfusions in the 12-month period before study enrolment was
15 (8-60) for the DNM and 11 (8-48) for the placebo group. No
significant difference between the 2 groups was noted (P 5 .714).
All patients had received at least 8 transfusions per year for the last
3 years before study enrolment. All included patients had a history
of iron chelation treatment. Median (range) liver iron concentration
values were 5.5 mg/g/dw (1.0-24.4) and 4.4 mg/g/dw (1.1-15.4) for
the DNM and placebo group, respectively (P5 .887). However, iron
chelation therapy was taken by 36 (58.1%) study patients (n 5 19
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in the DNM group and n 5 17 in the placebo group; P 5 .829)
during the study period. Patients with acceptable liver iron con-
centration values and ferritin levels did not receive iron chelation
treatment and were under close monitoring, per institutional clinical
practice. Overall, there were no statistically significant differences in
medical history between the 2 study groups.

Bone mineral density and markers of bone

remodeling at baseline

Bone mineral density was measured with dual-energy X-ray
absorptiometry during the screening period in the femoral neck,
lumbar spine, and the wrist bone. The ranges of the T score for
those 3 sites were 23.20 to 20.50 and 23.30 and 20.40,
respectively, for the femoral neck; 24.00 and 20.90 and 24.00
and20.90 for lumbar spine; and211.7 and21.10 and28.70 and
20.10 for the wrist bone in the DNM and the placebo group. No
significant differences between the 2 groups were noted in any of
the examined sites, as shown in Table 1.

The bone absorption marker C-terminal crosslinking telopeptide of
type I collagen was measured at baseline with no statistically
significant differences between the 2 groups (mean value, 0.16 ng/mL
for the DNM group and 0.14 ng/mL for the placebo group; P5 .905).
Regarding the tartrate-resistant acid phosphatase isoform-5b marker,

mean value was significantly higher in the DNM group (0.42 IU/L vs
0.16 IU/L in the placebo group; P 5 .026). No statistically significant
differences between the 2 groups were observed in the values of
the bone formation markers (bone-specific alkaline phosphatase
and osteocalcin), markers of osteoclast activation (sRANKL, OPG,
sRANKL/OPG), and markers of osteoblast inhibition (sclerostin,
dickkopf-1) under investigation (Table 1).

Bone mineral density after DNM or

placebo administration

As stated earlier, the primary objective was to evaluate the effect of
DNM (DNMgroup) compared with placebo (placebo group) on lumbar
spine bone mineral density in patients with TDT-induced osteoporosis.
At 12 months, the mean (standard deviation [SD]) percentage
increase of lumbar spine bone mineral density was 5.92% (5.25%)
in the DNMgroup and 2.92% (5.56%) in the placebo group compared
with baseline. The difference was statistically significant (P 5 .043).
Furthermore, an analysis of covariance model was used to evaluate the
effect of DNMas comparedwith control. Treatment was themain effect,
and covariates included the level of baseline T score. A significant
difference on the percentage change (from baseline to 12-month visit)
between the 2 groups was observed, after adjusting for the baseline
T score (P 5 .0428; Figure 3). Finally, to further investigate the

Enrollment Assessed for eligibility (n = 80)

Randomized (n = 63)

Allocated to placebo (n = 31)
• Received allocated intervention (n = 31)
• Did not receive allocated intervention (n = 0)

Allocated to Denosumab (n = 32)
• Received allocated intervention (n = 32)
• Did not receive allocated intervention (n = 0)

Lost to follow-up (after day 272) (n = 1)
Discontinued intervention (n = 0) 

Excluded (n = 17)
• Not meeting inclusion criteria (n = 8)
• Declined to participate (n = 7)
• Other reasons (n = 2)

Consent withdrawal (after day 0) (n = 2)
Discontinued intervention (n = 0)

Analysed (n = 32)
• Excluded from analysis (n = 0)

Analysed (n = 31)
• Excluded from analysis (n = 0)

Analysis

Follow-Up

Allocation

Figure 2. Consort flow diagram. Among the 80 patients assessed for eligibility, 63 were eventually randomized: 32 were allocated to and received DNM, whereas 31 were

allocated to and received placebo. One patient from the placebo group was lost to follow-up, whereas 2 patients from the DNM group withdrew consent. The final analysis was

made on an intent-to-treat basis.
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association between treatment and lumbar spine bone mineral density,
the effect of the interaction between baseline T score and treatment
was evaluated; however, no evidence of interaction was observed.

Regarding the first secondary objective, the treatment effect on
wrist bone and femoral neck bone mineral density between the 2
groups was assessed. At 12 months, compared with the baseline,

Table 1. Baseline clinical and laboratory patient characteristics along with markers of bone turnover

Parameters DNM group (n 5 32) Placebo group (n 5 31) P

Age, y 52.5 (34-70) 56.0 (36-78) .254

Sex, male/female, n 14/18 16/15 .532

Hypogonadic/nonhypogonadic patients, n 7/25 7/24 .946

Years from first osteoporosis diagnosis 1.0 (0-25.8) 0.5 (0-19.7) .908

Hb, g/dL 8.7 (6.2-12.6) 8.9 (7.1-11.9) .460

White blood cells, 3109/L 9.16 (2.66-16.98) 7.46 (3.7-31.48) .080

Platelets, 3109/L 415 (106-860) 276 (63-837) .116

Calcium, mg/dL 9.4 (8.6-10.2) 9.3 (8.7-9.9) .295

Serum creatinine, mg/dL 0.62 (0.5-2.3) 0.66 (0.5-1.5) .741

AST, U/L 23.5 (8-65) 27 (13-65) .221

ALT, U/L 20.5 (10-65) 20 (8-67) .783

ALP, IU/L 85 (46-171) 65 (39-129) .013

Total bilirubin, mg/dL 2.01 (0.40-8.11) 2.11 (0.52-7.24) .394

CPK, IU/L 22 (18-56) 32 (24-53) .107

LDH, U/L 236 (100-439) 267 (117-715) .229

Ferritin, ng/mL 471.1 (62.7-2759) 763.0 (92.3-2406) .431

Bone mineral density, g/cm2

L1-L4 0.76 (0.60-0.97) 0.77 (0.52-0.99) .540

Femoral neck 0.60 (0.50-0.86) 0.66 (0.48-0.85) .352

Wrist bone 0.52 (0.20-0.64) 0.56 (0.35-0.81) .285

Bone mineral density, T score

L1-L4 22.8 (24.0 to 20.9) 22.5 (24 to 20.9) .587

Femoral neck 22.25 (23.20 to 20.50) 21.85 (23.30 to 20.40) .245

Wrist bone 23.7 (211.7 to 21.1) 23.3 (28.7 to 20.1) .367

Bone mineral density, Z score

L1-L4 21.9 (23.6 to 0.9) 21.9 (-4.5 to 20.3) .855

Femoral neck 21.1 (22.5 to 0.1) 20.9 (22.4 to 0.2) .212

Wrist bone 23.10 (211.1 to 0.70) 22.60 (28.30 to 1.30) .193

Markers of bone resorption

CTX, ng/mL 0.12 (0.04-0.50) 0.14 (0.01-0.34) .905

TRACP-5b, U/L 0.20 (0.07-6.47) 0.16 (0.04-0.44) .026

Markers of bone formation

bALP, U/L 11.23 (4.73-55.52) 11.38 (4.72-34.4) .657

OC, ng/mL 4.49 (0.95-33.65) 3.36 (0.57-19.6) .263

Markers of osteoclast activation

sRANKL, pmol/L 0.28 (0.07-0.82) 0.22 (0.05-0.82) .916

OPG, pmol/L 3.9 (1.6-18.8) 3.97 (0.08-11.12) .866

sRANKL/OPG 0.06 (0.02-0.37) 0.06 (0.01-1.27) .983

Markers of osteoblast inhibition

Sclerostin, pmol/L 24.6 (5.2-67.4) 22.9 (3.6-53.8) .805

DKK-1, pmol/L 6.2 (1.5-21.1) 5.01 (0.11-16.66) .877

Bold values denote statistical significance. Values are expressed as median (range), unless otherwise specified.
bALP, bone-specific alkaline phosphatase; CTX, C-terminal crosslinking telopeptide of type I collagen; Dkk-1, dickkopf-1; LDH, lactate dehydrogenase; OC, osteocalcin; TRACP-5b,

tartrate-resistant acid phosphatase isoform-5b.
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an average decrease in wrist bone bone mineral density, which was
significantly larger in the placebo group, was observed (20.26%
[SD, 5.31] and23.92% [SD, 8.71], respectively; P5 .035). On the
contrary, femoral neck bone mineral density showed an increase of
4.08% and 1.96% in DNM and the placebo group, respectively;
however, the difference between the 2 groups was not significant
(P 5 .870).

Bone pain at baseline and after DNM or placebo

Patients at baseline had mild to moderate pain according to pain
scoring systems used. There were no differences in pain scores
among the 2 studied groups at baseline (Tables 2 and 3). Patients
of the DNM group had a significant reduction of pain score after
12 months of DNM administration (P , .001 for both scoring
scales; Table 2). On the contrary, patients of the placebo group
showed no alteration in bone pain during the study period (Table 3).

Markers of bone remodeling after DNM or

placebo administration

In terms of the third secondary objective, changes in markers of
bone remodeling were evaluated in the 2 study groups. Three
months after the first sc injection of DNM or placebo, the average
percentage change of the bone absorption marker C-terminal
crosslinking telopeptide of type I collagen was231.6% (SD, 17.74)
in the DNM group and 116.51% (SD, 44.22) in the placebo group
compared with baseline (P , .001). Furthermore, patients in the
DNM group showed a significant reduction of sRANKL, sRANKL/
OPG ratio, C-terminal crosslinking telopeptide of type I collagen,
tartrate-resistant acid phosphatase isoform-5b, bone-specific
alkaline phosphatase between baseline and 12th month (P , .01
for all comparisons) without changes in dickkopf-1, sclerostin, and
osteocalcin. On the contrary, patients in placebo group showed
an increase in sRANKL, OPG, dickkopf-1, sclerostin, C-terminal

crosslinking telopeptide of type I collagen, tartrate-resistant acid
phosphatase isoform-5b, and bone-specific alkaline phosphatase
during the study period (P , .01 for all comparisons), along with
a slight increase of osteocalcin that did not reach statistical
significance (Tables 2 and 3).

Safety evaluation and adverse events

Seventeen cases of adverse events were reported in 14 different
patients during the study period. Fourteen of the 17 adverse events
were classified as mild (grade 1). Three of 14 mild adverse events
concerned the placebo group. Moreover, the majority of the mild
adverse events (11/14) concerned abnormalities on blood or
biochemical testing, and only 3 of them a clinical symptom;
specifically, headache, diarrhea, and fever. Only 3 months after
the first DNM administration, the number of patients with an adverse
event was greater in the DNM group compared with the placebo
group (5 patients in the DNM group vs no patient in the placebo
group; P 5 .018).

The 3 serious adverse events reported during the study duration
occurred in the DNM group. The diagnoses for them with the
corresponding severity grade were pleural effusion (grade 3),
supraventricular tachycardia (grade 4), and atrial fibrillation (grade 3).
All 3 events occurred more than 3 months after the first DNM
injection and before the second. As per investigator’s assessment,
the causal relationship of study treatment to the event was defined as
unrelated to study drug.

Discussion

In this single-site, randomized, placebo-controlled, double-blind
phase 2b clinical trial, we sought to evaluate the effect of DNM on
bone mineral density in patients with TDT and osteoporosis. The
DNM group showed a statistically significant increase in the lumbar
spine bone mineral density compared with placebo (5.9% vs 2.9%)
at 12 months compared with at baseline. Our results are consistent
with a single-group study that administered DNM in 30 patients
with TDT-induced osteoporosis on the same dosing schedule
as in the present clinical trial.22 A significant increase in the lumbar
spine bone mineral density of 9.2% (95% confidence interval,
8.2%-10.1%) at 12 months compared with baseline was observed.
A significant increase in the femoral neck bone mineral density
of 6.0% (95% confidence interval, 5.2%-6.7%) was also reported,
which was not replicated in our trial. However, it should be noted
that the study population also included osteopenic patients (T score
less than 21.0); thus, the interpretation and generalization of the
results should be cautious. On the contrary, the randomized,
placebo-controlled, double-blind design of the present clinical trial,
along with the exclusive inclusion of osteoporotic patients (T score
less than22.5) and the adequate power in terms of the low patient
discontinuation rate, provided robustness to our outcomes.

Furthermore, we found an average decrease in wrist bone bone
mineral density in both groups, which was significantly more
pronounced in the placebo group (23.92% vs 20.26%). Re-
garding femoral neck bone mineral density, the mean increase was
not significantly different between the 2 patient groups (4.08% and
1.96% in the DNM and placebo groups, respectively). These results
coincide with another clinical trial evaluating the effect of zoledronic
acid in thalassemia-induced osteoporosis. Although a significant
increase in the lumbar spine bone mineral density was observed
after treatment, there was not a similar increase in the femoral neck
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Figure 3. Analysis of covariance for the bone mineral density percentage

change, defined as the dependent variable, with treatment group as a

factor, defined as the independent variable consisting of 2 levels (DNM

and placebo), and first baseline T score as covariate or nuisance variable.

A significant difference on the percentage change (from baseline to 12-month visit)

between the 2 groups was observed, after adjusting for the baseline T score

(P 5 .043). DNM induced a significantly greater increase in bone mineral density

compared with placebo.
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and wrist bone bone mineral density.10 Bone microarchitecture and
mechanics may explain the reason why changes in the bone
microenvironment are reflected early in lumbar spine bone mineral
density, whereas significant variations in the femoral neck and wrist
bone bone mineral density may require a longer follow-up period.25

Importantly, the DNM group had a significant reduction in bone pain
(by more than 80%), which was not observed in the placebo group
in this blinded study. DNM has been reported to reduce bone pain in
patients with osteoporotic fractures vs alendronate,24 whereas
DNM also reduced bone pain by more than 55% in patients with
osteoporotic fractures resulting from the chronic use of glucoste-
roids.25 Our group of patients had no fractures at baselines, and
possibly this is the reason for the marked reduction of bone pain
observed. In contrast, the placebo group showed no significant
reduction of pain, although they had an increase of their lumbar
spine bone mineral density, which is attributed to calcium and
vitamin D supplementation.

DNM specifically binds RANKL and counteracts the bone re-
sorption state that is prevalent in patients with thalassemia. The

RANK/RANKL/OPG molecular pathway has been identified as a
central regulator of the interplay between osteoclasts and osteo-
blasts in thalassemia-related bone disease.26 It has been repeatedly
shown that serum RANKL levels are elevated among patients with
thalassemia compared with healthy control patients.9,10,13,14,27 The
subsequent disturbance of the RANKL/OPG ratio ultimately favors
osteoclast-mediated bone loss.13,27 The abovementioned data, along
with efficacy results of DNM administration in patients with bone
disease resulting from osteoporosis15-17 and malignancies18-20 have
provided a strong rationale for the present study.

In this context, we found that the average percentage change of the
bone absorption marker C-terminal crosslinking telopeptide of type I
collagen was 231.6% in the DNM group and 116.51% in the
placebo group at 3 months compared with baseline. This significant
finding was evident even after the first dose of the drug, and it is in
accordance with the study by Yassin et al reporting very early
reduction of C-terminal crosslinking telopeptide of type I collagen
after a single dose of DNM.22 Bone resorption markers including
C-terminal crosslinking telopeptide of type I collagen, urinary levels

Table 2. Markers of bone turnover and pain score values in the DNM group at baseline compared with post-DNM administration

Parameter Baseline Post DNM P

Bone mineral density, g/cm2

L1-L4 0.76 (0.60-0.97) 0.79 (0.62-1.02) <.001

Femoral neck 0.60 (0.50-0.86) 0.65 (0.49-0.97) .016

Wrist bone 0.52 (0.20-0.64) 0.51 (0.20-0.65) .605

Bone mineral density, T score

L1-L4 22.8 (24.0 to 20.9) 22.4 (24.3 to 20.4) <.001

Femoral neck 22.25 (23.20 to 20.50) 22.0 (23.2 to 0.3) .018

Wrist bone 23.70 (211.7 to 21.10) 23.60 (211.6 to 20.8) .832

Bone mineral density, Z score

L1-L4 21.9 (23.6 to 0.9) 21.6 (23.8 to 1.8) .001

Femoral neck 21.10 (22.50 to 0.10) 20.85 (22.6 to 0.9) .004

Wrist bone 23.10 (211.1 to 0.70) 22.95 (210.9 to 1.0) .334

Markers of bone resorption

CTX, ng/mL 0.12 (0.04-0.50) 0.02 (0.00-0.38) <.001

TRACP-5b, U/L 0.20 (0.07-6.47) 0.16 (0.04-6.42) <.001

Markers of bone formation

bALP, U/L 11.23 (4.73-55.52) 9.63 (3.35-43.72) <.001

OC, ng/mL 4.49 (0.95-33.65) 4.98 (0.58-43.73) .797

Markers of osteoclast activation

sRANKL, pmol/L 0.28 (0.07-0.82) 0.19 (0.05-0.61) <.001

OPG, pmol/L 3.9 (1.6-18.8) 5.33 (2.66-19.76) <.001

sRANKL/OPG 0.06 (0.02-0.37) 0.03 (0.01-0.21) <.001

Markers of osteoblast inhibition

Sclerostin, pmol/L 24.6 (5.2-67.4) 26.43 (3.54-64.44) .116

DKK-1, pmol/L 6.2 (1.5-21.1) 4.9 (0.01-17.3) .053

Pain score

Huskisson’s visual analog scale, cm 3.4 (0-7.5) 0.4 (0-2) <.001

MGM 2 (0-4) 0 (0-1) <.001

Bold values denote statistical significance. Values are expressed as median (range).
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of N-telopeptide cross-linked type 1 collagen, pyridinoline, and
deoxypyridinoline are found elevated in patients with TDT-related
osteoporosis and may be useful markers for response to
treatment.10,12,13,28,29 This early effect of DNM on bone remodeling
may have profound implications on bone fragility and the risk for
fracture in the long term,30 considering also the impaired osteo-
blastic activity in patients with thalassemia.26

Furthermore, we provided evidence for a differential effect of DNM on
biomarkers of bone remodeling compared with placebo at 12months.
In the DNM group, both bone resorption markers, namely, C-terminal
crosslinking telopeptide of type I collagen and tartrate-resistant acid
phosphatase isoform-5b, as well as the RANKL to OPG ratio, were
significantly reduced. On the contrary, C-terminal crosslinking
telopeptide of type I collagen, tartrate-resistant acid phosphatase
isoform-5b, and serum RANKL levels were significantly increased in
the placebo group. However, it should be noted that the interpretation
of the results regarding tartrate-resistant acid phosphatase isoform-5b
should be cautious because of the baseline difference between the
2 groups. In the placebo group, there was also a significant increase in
the osteoblast inhibitors dickkopf-1 and sclerostin. Both markers have

been associated with thalassemia-induced osteoporosis and have
been proposed as potential therapeutic targets.31,32 It has to be noted
that these markers remained unchanged in the DNM group. There-
fore, it may be postulated that even after DNM administration, there is
a residual effect preventing the normal osteoblast function. Treatment
with zoledronic acid has also failed to reduce circulating sclerostin
levels in patients with osteoporosis with thalassemia32 or postmen-
opausal women.33 Regarding markers of bone formation, bone-
specific alkaline phosphatase was reduced in the DNM group and
was increased in the placebo group, whereas osteocalcin did not
show significant changes in any of the 2 groups. Although these
findings may be partially attributed to compensating mechanisms, the
exhaustion of osteoblasts in patients with thalassemia should be
also taken into consideration.34 Iron poisoning is a well-established
contributing factor for osteoblast dysfunction,34,35 and all our patients
had a history of blood transfusions; more than half of them were
receiving iron chelation therapy. Overall, the net effect of DNM therapy
was against bone resorption, and it was reflected on the significantly
greater average increase of lumbar spine bone mineral density
compared with placebo.

Table 3. Markers of bone turnover and pain score values in the placebo group at baseline compared with postplacebo administration

Parameter Baseline Postplacebo P

Bone mineral density, g/cm2

L1-L4 0.77 (0.52-0.99) 0.80 (0.55-1.02) .009

Femoral neck 0.66 (0.48-0.85) 0.67 (0.47-0.93) .135

Wrist bone 0.56 (0.35-0.81) 0.53 (0.32-0.68) .016

Bone mineral density, T score

L1-L4 22.50 (24.00 to 20.90) 22.30 (24.90 to 20.60) .115

Femoral neck 21.85 (23.30 to 20.40) 21.80 (23.10 to 0.80) .227

Wrist bone 23.30 (28.70 to 20.10) 23.30 (28.50 to 20.80) .05

Bone mineral density, Z score

L1-L4 21.90 (24.50 to 20.30) 21.50 (24.20 to 0.30) .020

Femoral neck 20.90 (22.40 to 0.20) 20.90 (22.20 to 1.30) .025

Wrist bone 22.60 (28.30 to 1.30) 22.65 (27.50 to 1.00) .071

Markers of bone resorption

CTX, ng/mL 0.14 (0.01-0.34) 0.19 (0.03-0.49) <.001

TRACP-5b, U/L 0.16 (0.04-0.44) 0.17 (0.09-0.50) <.001

Markers of bone formation

bALP , U/L 11.38 (4.72-34.40) 15.84 (8.40-38.67) <.001

OC, ng/mL 3.36 (0.57-19.60) 4.22 (0.23-19.36) .170

Markers of osteoclast activation

sRANKL, pmol/L 0.22 (0.05-0.82) 0.28 (0.09-0.99) <.001

OPG, pmol/L 3.97 (0.08-11.12) 4.99 (0.78-12.12) <.001

sRANKL/OPG 0.06 (0.01-1.27) 0.08 (0.01-0.30) .057

Markers of osteoblast inhibition

Sclerostin, pmol/L 22.9 (3.6-53.8) 24.8 (4.6-53.9) <.001

DKK-1, pmol/L 5.01 (0.11-16.66) 15.25 (9.14-26.25) <.001

Pain score

Huskisson’s visual analog scale, cm 3.0 (0-5) 2.8 (0-5) .356

MGM 2 (0-4) 2 (0-3) .768

Bold values denote statistical significance. Values are expressed as median (range).
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Although bisphosphonates are currently the mainstay of treatment in
patients with thalassemia with osteoporosis,36,37 DNMmay provide a
more favorable efficacy and tolerability profile. In contrast to oral
bisphosphonates, sc administration of DNM bypasses the gastroin-
testinal tract, and thus, prevents the gastrointestinal adverse effects,
whereas it is associated with better pharmacokinetics.38,39 Moreover,
recent studies have revealed the superiority of DNM compared with
zolendronic acid in different clinical settings, including postmeno-
pausal women with osteoporosis40,41 and oncology patients.21,42

In patients with thalassemia-induced osteoporosis, there has been
currently no study providing a direct comparison between DNM and
bisphosphonates. In this context, a clinical trial is ongoing that aims to
compare DNM vs zoledronic acid in patients with TDT-induced
osteoporosis in terms of C-terminal crosslinking telopeptide of type I
collagen reduction and dual-energy X-ray absorptiometry scan
absorptiometry improvement (NCT03040765).

Regarding the safety profile of DNM, there was some evidence of an
increased number of adverse events in the DNM group compared
with placebo, although all of them were considered unrelated to
study drug. However, both in the original report of FREEDOM study
as well as the report from the FREEDOM Extension study including
patients with postmenopausal osteoporosis with up to 8 years of
DNM treatment, there was no difference in the number of total
adverse events between the DNM and the placebo-treated
group.15,16 Therefore, longer follow-up is warranted to establish
safety of DNM among patients with TDT-induced osteoporosis.

One of the limitations of our study may pertain to the evaluation
method of osteoporosis. Bone mineral density measurement is a
widely available noninvasive means of identifying individuals with
osteoporosis and, possibly, those at high risk for fracture. However,
there is accumulating evidence indicating that changes in bone
mineral density do not correlate sufficiently with the probability of
fracture risk among postmenopausal women receiving osteoporosis
therapy.43 It is also true that bone mineral density is only 1 of several
contributors to bone strength and fracture risk reduction. Two
principal aspects of bone strength should be considered: bone
quantity consisting of density and size and bone quality encompass-
ing structure, material characteristics, and bone turnover.30 As a
consequence, there are supplemental measures of osteoporosis
treatment efficacy as candidate variables for future evaluation in
clinical trials.43 Another possible limitation may pertain to the
heterogeneity of study participants in terms of transfusion de-
pendency. All patients had received 8 or more transfusions annually
for the last 3 years before study enrolment, but the range was
relatively high (8-60). Although all participants were transfusion
dependent, both thalassemia major and thalassemia intermedia

patients could be included as long as they were treated as TDT
according to their clinical presentation. However, it should be
underlined that there was no significant difference in the number of
transfusions between the 2 treatment groups.

In addition to the above, the implementation of general lifelong
measures starting from early childhood, such as dietary modifica-
tions and regular physical activity, reduce fracture risk and prevent
disability.5 Those may represent confounding factors that need to
be accounted for in future studies, which may identify subsets of
patients with TDT-related osteoporosis who would derive benefit
from DNM treatment.

In conclusion, DNM administration was associated with a signif-
icantly greater increase in the lumbar spine bone mineral density
in patients with TDT-associated osteoporosis compared with
placebo. DNM seemed also to reduce biomarkers promoting bone
resorption. However, there was evidence for a higher number of
adverse events in the DNM group compared with placebo.
Subsequently, more research is needed to clarify the effect of
DNM on other surrogate endpoints, to control for confounding
factors, and to evaluate safety with a longer follow-up period.
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