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Abstract

Denosumab is a fully human monoclonal antibody with high affinity and specificity for human receptor

activator of nuclear factor kappa B ligand (RANKL), the principal regulator of osteoclastic bone resorption. By

binding to RANKL, denosumab prevents it from binding to its receptor on the cell surface of pre-osteoclasts

and mature osteoclasts, thereby reducing the formation, activity, and survival of osteoclasts and inhibiting

osteoclastic bone resorption. In a large, randomized, placebo-controlled clinical trial in postmenopausal

women with osteoporosis, denosumab 60 mg administered subcutaneously every 6 months reduced levels

of bone turnover markers, increased bone mineral density, and reduced the risk of vertebral fractures, hip

fractures, and non-vertebral fractures. There was no significant difference between denosumab and placebo

in the overall risk of adverse events or serious adverse events. Denosumab was associated with a significant

increase in the risk of eczema and cellulitis, and a significant decrease in the risk of falling and concussions.

Denosumab recently received regulatory approval for the treatment of postmenopausal women with

osteoporosis at high risk for fracture, with no dose adjustment in patients with renal impairment.

Denosumab is a new therapeutic option to reduce fracture risk in women with postmenopausal

osteoporosis, especially for those with impaired renal function or with intolerance or poor response to

oral therapy.

Introduction

Osteoporosis is a systemic skeletal disease characterized by low bone mineral
density (BMD) and poor bone quality that reduces bone strength and increases
the risk of fracture1. More than 200 million people are estimated to have oste-
oporosis worldwide2, including 75 million in the United States (US), Europe,
and Japan3. Approximately 30% of postmenopausal women in the US and
Europe have osteoporosis, with at least 40% of these women predicted to have
at least one fragility fracture in their remaining lifetime4. Vertebral fractures and
hip fractures are associated with an increased morbidity and mortality5,6.
Currently available pharmacological treatments have been proven to reduce
fracture risk with generally good safety profiles. These include estrogen with
or without medroxyprogesterone7,8, alendronate9–11, risedronate12–14, ibandro-
nate15, zoledronate16,17, salmon calcitonin18, strontium ranelate19,20, raloxi-
fene21, bazedoxifene22, teriparatide23, and recombinant human parathyroid
hormone (PTH) (1–84)24. Another compound, denosumab (AMG 162;
Prolia, Amgen Inc., Thousand Oaks, CA, USA), has recently received regula-
tory approval for the treatment of postmenopausal women with osteoporosis at
high risk for fracture.

Denosumab is a fully human monoclonal antibody with high affinity and
specificity for human receptor activator of nuclear factor kappa B ligand
(RANKL), the principal regulator of osteoclastic bone resorption. By binding
to RANKL, denosumab prevents the interaction of RANKL with RANK,
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thereby reducing the formation, activity, and survival of
osteoclasts and inhibiting osteoclastic bone resorption.
The first approval for clinical use of denosumab was
announced on May 28, 2010, when the European
Commission (EC) granted marketing authorization of
denosumab for the treatment of osteoporosis in postmen-
opausal women at increased risk of fractures and for the
treatment of bone loss associated with hormone ablation
in men with prostate cancer at increased risk of fractures.
This decision was applicable for all 27 European Union
member states plus Norway, Iceland, and Lichtenstein.
A few days later, on June 1, 2010, denosumab was approved
by the US Food and Drug Administration (FDA) for the
treatment of postmenopausal women with osteoporosis at
high risk for fracture, defined as a history of osteoporotic
fracture, or multiple risk factors for fracture, or patients
who have failed or are intolerant to other available osteo-
porosis therapy. On September 8, 2010, denosumab was
approved in Canada for the same indication as in the US.

Efficacy

The efficacy of denosumab in reducing fracture risk was
demonstrated in FREEDOM (Fracture REduction
Evaluation of Denosumab in Osteoporosis every 6
Months). This was a 3-year, randomized, placebo-con-
trolled phase 3 clinical trial in 7868 postmenopausal
women with osteoporosis who received either subcutane-
ous (SC) denosumab 60 mg (n¼ 3902) or placebo
(n¼ 3906) every 6 months (Q6M) for 3 years25. The pri-
mary efficacy endpoint was new vertebral fractures at 36
months, with secondary efficacy endpoints that included
time to first hip and nonvertebral fractures. Prevalent and
incident vertebral fractures were assessed by lateral spine
X-rays taken at baseline and annually thereafter, respec-
tively. The time to first hip fracture and time to first non-
vertebral fracture was recorded, with exclusion of fractures
of the skull, face, mandible, metacarpals, fingers, and toes.
Clinical fractures were confirmed by diagnostic imaging or
a radiologist’s report. BMD was measured by dual-energy
X-ray absorptiometry at the lumbar spine and hip at base-
line, followed by annual measurement at the hip and after
36 months at the lumbar spine; more frequent BMD mea-
surements were taken in a substudy of 441 subjects. Bone
turnover was assessed in a substudy of 160 subjects by peri-
odic measurement of serum C-telopeptide [CTX], a marker
of bone resorption, and intact serum procollagen type 1
N-terminal propeptide [P1NP], a marker of bone forma-
tion. Study subjects were between ages 60 and 91 years
(mean 72.3� 5.2 years) with a baseline T-score at the
lumbar spine or total hip 5�2.5 to ��4.0. The mean
baseline T-score was �2.8 at the lumbar spine, �1.9 at
the total hip, and �2.2 at the femoral neck.
Approximately 24% of study subjects had at least one

prevalent vertebral fracture at the time of enrollment.
Impaired renal function was not an exclusion for study
entry. All subjects received supplemental elemental cal-
cium at least 1000 mg and vitamin D 400–800 IU daily.

The 36-month study was completed by 82% of subjects
(denosumab n¼ 3272, placebo n¼ 3206), with 76%
receiving all injections. Treatment with denosumab over
3 years was associated with a statistically significant 68%
reduction in the risk of new radiographic vertebral frac-
tures compared with placebo (2.3% denosumab vs. 7.2%
placebo, p50.001), 40% reduction in the risk of hip frac-
tures (0.7% denosumab vs. 1.2% placebo, p¼ 0.036), and
20% reduction in the risk of nonvertebral fractures (6.5%
denosumab vs. 8.0% placebo, p¼ 0.011). There was also a
statistically significant 69% reduction in the risk of new
clinical vertebral fractures (0.8% denosumab vs. 2.6% pla-
cebo, p50.001). BMD at 36 months increased with deno-
sumab by 9.2% (95% confidence interval [CI] 8.2–10.1) at
the lumbar spine and 6.0% (95% CI 5.2–6.7) at the total
hip compared with placebo. Compared with placebo,
denosumab decreased serum CTX by 86% at 1 month, by
72% prior to dosing at 6 months, and by 72% at 36 months;
serum P1NP decreased by 18%, 50%, and 76% compared
with placebo at the same time points.

Safety

Safety analyses in FREEDOM included all subjects who
received at least one dose of study drug. Analyses of
adverse events (AEs) and serious adverse events (SAEs)
specified in advance included cancer, infection, specific
cardiovascular events, osteonecrosis of the jaw (ONJ),
delayed fracture healing, hypocalcemia, and atrial fibrilla-
tion. There were no significant differences in the total
incidence of AEs, SAEs, or discontinuation of study treat-
ment because of AEs between denosumab-treated patients
and those receiving placebo25. The overall risk of death,
malignancies, infections, cardiovascular events, atrial
fibrillation, stroke, hypocalcemia, and delayed fracture
healing was similar between groups. There were no frac-
tures of the femoral shaft in the denosumab-treated group
and 3 such fractures in the placebo group. There were no
cases of osteonecrosis of the jaw. Neutralizing antibodies to
denosumab did not develop in any of the subjects.
Statistically significant differences between denosumab-
treated subjects and those receiving placebo were reported
in five categories of AEs and SAEs, with two favoring
denosumab and three favoring placebo. Falling and con-
cussions were less likely to occur in those treated with
denosumab (175/3886 [4.5%] and 1/3886 [50.1%], respec-
tively) than the placebo group (219/3876 [5.7%] with
p¼ 0.02 and 11/3876 [0.3%] with p¼ 0.004, respectively).
Eczema was more likely to occur in denosumab-treated
subjects (118/3886 [(3.0%]) compared with the placebo
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group (645/3876 [1.7%], p50.001), as was flatulence
(84/3886 [2.2%] vs. 53/3876 [1.4%], respectively,
p¼ 0.008). Cellulitis, including erysipelas, as an
SAE was also more common with denosumab-treated sub-
jects (12/3886 [0.3%]) than the placebo group (1/3876
[50.1%], p¼ 0.002); cellulitis as an AE was similar in
both groups.

Clinical issues

The availability of denosumab for use in clinical practice
brings with it opportunities to further reduce the burden of
osteoporotic fractures as well as challenges in discerning its
role in comparison with other therapeutic options.
The success of any new drug depends on factors that
include efficacy, safety, compliance/persistence, and
affordability.

The efficacy of denosumab in reducing fracture risk in
postmenopausal women is firmly established. The magni-
tude of fracture risk reduction with denosumab appears to
be as good or better than other currently available drugs,
despite the pivotal fracture trial for denosumab investigat-
ing a population with lower baseline fracture risk than
similar studies with other drugs. Many patients who are
candidates for denosumab have probably received previous
treatment with alendronate. It would be helpful to under-
stand the effects of denosumab in such patients. STAND
(Study of Transitioning from AleNdronate to
Denosumab) was a 1-year phase 3 double-blind, active-
controlled, double-dummy study in 504 postmenopausal
women age 55 and older, with lumbar spine or total hip
T-score of �2.0 to �4.0, who were being treated with
alendronate (mean duration of treatment¼ 44� 33
months)26. Subjects were randomized to receive SC deno-
sumab 60 mg Q6M or continuing oral alendronate 70 mg
weekly. The primary endpoint was percent change in BMD
at the total hip at 12 months for denosumab compared to
alendronate. At 12 months, there was a statistically signif-
icant greater increase in BMD with denosumab compared
to continuing alendronate at the total hip (denosumab
1.90%, alendronate 1.05%, p50.0001), lumbar spine,
and distal one-third radius.

Another study directly compared the skeletal effects of
denosumab and alendronate in patients not recently trea-
ted with bisphosphonates. DECIDE (Determining
Efficacy: Comparison of Initiating Denosumab versus
alEndronate) was a 1-year phase 3 double-blind, double-
dummy non-inferiority trial in 1189 postmenopausal
women with lumbar spine or total hip T-score of �2.0 or
less who were randomized to receive SC denosumab 60 mg
Q6M plus weekly oral placebo or oral alendronate 70 mg
weekly plus SC placebo injections Q6M27. The primary
endpoint was percent change from baseline of the total hip
BMD at month 12 in subjects treated with denosumab

compared with alendronate. At 12 months, there was a
significantly greater BMD increase with denosumab com-
pared with alendronate at the total hip (denosumab 3.5%
vs. alendronate 2.6%, p50.0001) and all other measured
skeletal sites, with the treatment difference 0.6% at the
femoral neck, 1.0% at the trochanter, 1.1% at the lumbar
spine, and 0.6% at the distal one-third radius (p� 0.0002
for all sites). There was a statistically significant greater
reduction in bone turnover markers with denosumab com-
pared with alendronate.

Safety issues are particularly important in assessing the
clinical utility of a drug for treating a chronic asymptom-
atic disease, such as osteoporosis. In FREEDOM, by far the
largest clinical trial of denosumab, three AEs/SAEs were
identified that showed a statistically significant increase in
risk with denosumab treatment compared with placebo:
eczema (AE), flatulence (AE), and cellulitis (SAE),
while denosumab was associated with a significant reduc-
tion in the risk falling (AE) and concussion (SAE)25. The
US package insert, however, lists 25 ‘adverse reactions’
reported in �2% of women in FREEDOM that occurred
more frequently in denosumab-treated subjects than in the
placebo group; the differences in these occurrences were
for the most part numerically but not statistically different,
with the differences sometimes trivial (e.g., cystitis in 5.9%
of denosumab-treated subjects vs. 5.8% of placebo-treated
subjects) and lacking biological plausibility (e.g., insomnia
in 3.2% of denosumab-treated patients vs. 3.1% of pla-
cebo-treated patients)28. Other safety concerns in the
package insert were listed following reports from other
studies. For example, hypocalcemia was reported in some
subjects with impaired renal function in a study of 55 sub-
jects with varying degrees of renal function; in this study,
these subjects did not receive calcium and vitamin D sup-
plementation28. ONJ has been reported in patients in the
FREEDOM extension study, but was not diagnosed in any
patient in the first 3 years of the study.

Perhaps the greatest safety concerns with denosumab
are those associated with the theoretical possibility of (1)
impaired immune function, which might result in
increased risk of opportunistic infections and malignancy,
and (2) possible complications of profound reduction of
bone turnover, such as ONJ, atypical fractures, and
impaired fracture healing. There is a plausible rationale
to support the theoretical possibility that RANKL inhibi-
tion might increase the risk of infections or malignancy,
since expression of RANKL, RANK, and/or OPG has been
reported in non-skeletal cells that include activated T and
B lymphocytes, dendritic cells, and CD4/CD8 thymo-
cytes29,30. RANKL and RANK knockout mice have a defi-
ciency of splenic B cells and fail to develop lymph
nodes31,32. However, a small permissive level of RANKL
and RANK in transgenic rats is associated with normal
lymph node development33,34 and inhibition of RANKL
in adult humans has not been shown to adversely
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affect measured parameters of immune function35. In
FREEDOM, there was a statistically significant increase
in the risk of cellulitis as an SAE with denosumab treat-
ment25 and small numerical increases (not statistically sig-
nificant) in the risk of cystitis, upper respiratory tract
infections, pneumonia, pharyngitis, and herpes zoster28.
There was no imbalance in the reporting of opportunistic
infections. The overall incidence of new malignancies
was 4.8% with denosumab treatment and 4.3% with pla-
cebo, with a slight numerical increase in new malignan-
cies related to breast, the reproductive system, and
the gastrointestinal system. A causal relationship
between drug exposure and malignancies has not been
established. A recent review of the potential effects
of RANK ligand inhibition on inflammation and immu-
nity highlights the need for continuing scrutiny in this
area36.

Denosumab reduces osteoclast-mediated bone resorp-
tion, which is typically elevated in women with postmen-
opausal osteoporosis. As a consequence of denosumab
treatment there is a decrease in bone resorption markers
and findings consistent with low levels of bone remodeling
on quantitative bone histomorphometry. A recent report
described the results of iliac crest bone biopsies obtained
at 24 and/or 36 months in 92 women (47 on denosumab,
45 on placebo) with postmenopausal osteoporosis in
FREEDOM25 and 36 women (15 transitioned from alen-
dronate to denosumab, 21 continuing alendronate) in
STAND (Study of Transitioning from AleNdronate to
Denosumab)37 who had baseline with lumbar spine or
total hip T-score of �2.0 to �4.038. Qualitative histology
assessment showed normal bone architecture with no evi-
dence of mineralization defects, woven bone, or marrow
fibrosis in subjects treated with denosumab. In FREEDOM,
osteoclasts were absent in more than 50% of biopsies in the
denosumab group, with double tetracycline labeling
observed in 19% of biopsies in denosumab-treated patients
compared with 94% in the placebo group38. In STAND,
double tetracycline labeling was seen in 20% of biopsies in
the denosumab group compared with 90% in the alendro-
nate group38. The long-term consequences of this magni-
tude of bone turnover suppression with denosumab are
unknown.

Clinical outcomes with osteoporosis care have unfortu-
nately not kept pace with the advances in diagnostic capa-
bilities and therapeutic agents. This is due in part to poor
compliance and persistence with therapy39. Poor compli-
ance and persistence lead to a smaller BMD response40,
higher fracture risk41, and greater healthcare costs39.
Efforts to improve clinical outcomes have included iden-
tifying new targets for therapeutic intervention, simplify-
ing drug administration, and extending the dosing
interval42. The long dosing interval and SC method of
administration with denosumab offer the possibility of
improved compliance and persistence compared with

other options for treatment. The denosumab adherence,
preference, and satisfaction (DAPS) study addressed these
issues43. This was a randomized, open-label, 2-year cross-
over study in which 250 women with osteoporosis received
12 months of treatment with SC denosumab 60 mg Q6M
or oral alendronate 70 mg weekly, and were then switched
to the other treatment for the following 12 months. The
primary endpoint was adherence to treatment at 12
months, with adherence defined as achieving good com-
pliance (receiving both denosumab doses 6� 1 months
apart or 80–100% or alendronate doses) and persistence
(receiving both denosumab doses and completing the
month 12 visit within the visit window or �2 alendronate
doses in the final month). Treatment adherence was found
to be significantly greater with denosumab (87.3%, 110/
126) than alendronate (76.6%, 95/124). Subject ratings for
preference and satisfaction were significantly greater for
denosumab than alendronate. Adverse events were similar
in the two groups.

Affordability of drug therapy is a concern for health-
care systems and patients. The potential cost effective-
ness of denosumab in the treatment of postmenopausal
osteoporotic women was assessed in an updated version
of a validated Markov microsimulation model populated
with cost and epidemiological data from Belgium and a
base-case population defined from FREEDOM44. The
base-case analysis showed an estimated cost of E28 441
per quality-adjusted life-year gained, with a decrease to
E15 532 for women with a T-score of �2.5 at the
lumbar spine or total hip and E11 603 for those with
a prevalent vertebral fracture. It was concluded
that denosumab is cost effective compared with no treat-
ment for postmenopausal Belgian women with low
bone mass who are similar to patients included in
FREEDOM.

Which patients should be considered for treatment
with denosumab at this time? It is appropriate primary
treatment of postmenopausal women with osteoporosis
to reduce fracture risk. Given the economic realities of
our time, it is likely that many patients with osteoporosis
will be started on inexpensive generic alendronate (pro-
vided there is no contraindication); other agents such as
brand name oral bisphosphonates, IV bisphosphonates,
and denosumab will be used when there is intolerance to
alendronate or a poor response to therapy. Denosumab is a
particularly attractive option in patients with low or bor-
derline low renal function, in whom bisphosphonate ther-
apy may be problematic. Infrequent dosing every 6 months
may help to improve compliance and persistence com-
pared with drugs given at more frequent dosing intervals.
The SC form of administration is available at virtually any
physician’s office, whereas IV bisphosphonates, especially
zoledronate, require more complex office resources for
administration.
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Conclusion

Denosumab is a fully human monoclonal antibody to
RANKL with a rapid, sustained, and reversible effect in
suppressing osteoclastic bone resorption. In women with
postmenopausal osteoporosis, it reduces the risk of verte-
bral fractures, hip fractures, and non vertebral fractures. It
is well-tolerated, with AEs and SAEs generally similar to
placebo. Ongoing vigilance is warranted to assess the pos-
sibility of adverse effects associated with immune function
and reduction of bone turnover with long-term use.
Denosumab is a new option for the treatment of women
with postmenopausal osteoporosis, with particular clinical
utility for those who have impaired renal function or are
inappropriate for oral therapy due to a contraindication,
intolerance, or poor response.
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