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Abstract: Antiresorptive therapies are the mainstay for treating patients with excessively
high rates of bone resorption. The receptor activator of nuclear factor-κB (RANK) ligand
(RANKL), secreted by osteoblasts, binds to the RANK receptor on the surface of preosteoclasts
and osteoclasts to elicit osteoclast formation, survival, and activity. Osteoprotegerin, also secreted
by the osteoblast, acts as a decoy RANK receptor reducing RANKL binding to RANK and
reducing bone resorption. Denosumab, a fully human monoclonal antibody, has a high affinity
and specificity for RANKL. Denosumab rapidly decreases bone resorption and increases bone
mineral density (BMD) at the lumbar spine, total hip, femoral neck, and one-third radius sites. In
head-to-head trials, denosumab increased BMD and decreased bone resorption to a significantly
greater degree than alendronate. In postmenopausal osteoporotic women, denosumab decreased
the risk of vertebral fracture (68%), nonvertebral fracture (20%), and hip fracture (40%) over
36 months, compared to placebo. In patients with iatrogenic hypogonadism, denosumab rapidly
decreased markers of bone resorption and increased BMD. In men treated with GnRH agonist
for prostate cancer, treatment with denosumab led to a 62% decreased risk of new vertebral
fracture over 3 years, as compared to placebo. In all trials completed to date, comparable adverse
events have been observed in both denosumab and placebo or treatment groups.
Keywords: medication adherence, fracture, bone mineral density, bone turnover markers

Osteoporosis is a disease characterized by decreased bone mass and microarchitectural deterioration of bone, resulting in reduced bone strength and a predisposition to
fragility fracture.1 Fragility fractures are associated with substantial decreases in both
quality2,3 and length of life.4 Due to our aging demographic and increasing lifespan,
the cost of treating osteoporosis and fragility fractures is growing.5
Osteoporosis is asymptomatic prior to fracture, making its management challenging,
since many at risk do not believe they need intervention and many who initiate treatment find the medications inconvenient or associated with unwanted side effects.6
The goal of osteoporosis therapy is the prevention of fragility fractures. The most effective therapies need to be efficacious in decreasing fracture risk and easy to adhere to.

Burden of illness in iatrogenic hypogonadism
The recurrence of sex-hormone-sensitive cancers, such as estrogen-receptor positive
breast cancer in women or prostate cancer in men, can be reduced by eliminating tumor
Orthopedic Research and Reviews 2010:2 49–69
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stimulation through reductions in circulating sex steroids.
This can be accomplished either surgically (gonadectomy) or
through medications. Testosterone conversion to estradiol by
peripheral aromatase can be inhibited by aromatase-inhibitor
medications, and gonadatropin-releasing hormone agonists
can be used in men or women to centrally suppress gonadal
steroid production.
Aromatase-inhibitor medications are used with increasing
frequency and longer duration in patients with estrogen-receptor
positive breast cancer, improving disease-free survival and
with significantly fewer life-threatening adverse events (AEs)
as compared to tamoxifene therapy.7–11 Aromatase-inhibitor
medications reduce the conversion of androgens to estradiol in
peripheral tissues, reducing circulating estrogen levels. Since
even low levels of circulating estradiol can lead to reduced
bone resorption, long-term aromatase-inhibitor therapy leads to
accelerated bone loss and increased risk for fracture.8–10,12–19
Androgen-deprivation therapy (ADT) with intermittent
gonadatropin-releasing hormone agonists is an increasingly
popular therapy for men with metastatic and nonmetastatic
high-risk prostate cancer. Other options of orchidectomy or
inhibitors of testosterone biosynthesis also lead to reductions in circulating testosterone and estradiol (produced by
aromatization of testosterone peripherally).20–22 With reduced
circulating testosterone, whether the result of orchidectomy
or medical therapy, there are substantial losses in bone mass
and increases in fracture risk.23–27
Bone metastatic disease in prostate cancer or breast
cancer is particularly harmful to the bone. Tumor deposit in
bone liberates cytokines that activate osteoclasts to resorb
bone (through the receptor activator of nuclear factor-κB
[RANK] – RANK ligand [RANKL] signaling pathway).
The products of resorbed bone likely include cytokines and
growth factors that, in turn, stimulate tumor proliferation.
This vicious cycle can be disrupted by potent antiresorptive
therapies, which either interfere with the ability of the tumor
to activate osteoclasts (denosumab) or which cause mature
osteoclasts to apoptose (bisphosphonates). If unchecked,
marked local bone loss and mechanically insufficient bone
accretion at the site of the tumor may lead to pathologic fracture at such sites.28,29 Patients with hormone-sensitive cancer
metastatic to bone have the risk of excess bone resorption,
skeletal-related AEs, disease progression, and death.30

Bone protective therapy
in iatrogenic hypogonadism
Iatrogenic hypogonadism improves cancer disease-free
survival in patients with hormone-sensitive tumors.
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The attendant increases in bone resorption are the most rapid
in the initial year of therapy.31 There is a direct relationship
between fracture risk and the time a patient remains on ADT,
with patients on therapy for a longer duration being at greatest
risk for fragility fracture.23,24,32–34 Similarly, aromataseinhibitor treatment for breast cancer leads to rapid bone loss
and increased fragility fracture risk,35,36 with fragility fracture
risk increasing with increasing duration of therapy.8–10
Therefore, bone-sparing therapies are best initiated
concurrent with therapies that induce hypogonadism and
continued for the duration of therapy. Later introduction of
osteoporosis therapies remains effective, but in such cases
since architectural deterioration has already occurred, optimal
prevention of fragility fracture cannot be easily achieved with
antiresorptive therapies. If bone protective therapy is initiated concurrent with iatrogenic hypogonadism, maintenance
or increases of bone mass may be achieved with effective
fracture risk reduction.37,38

Fracture risk assessment
Epidemiologically, bone mineral density (BMD) assessed by
dual-energy x-ray absorptiometry (DXA) at the hip, spine,
or radius is used to define osteoporosis in a postmenopausal
woman or man older than 50 years.39 However, while the risk
for fragility fracture is greatest for those individuals with a
BMD in the range of osteoporosis (BMD T-score # −2.5),
a greater absolute number of fractures occur in individuals with low, but not osteoporotic, BMD (BMD T-score
from −1.0 to −2.5).40,41 Fracture risk changes with age, independent of BMD,42 and prior personal history of fragility
fracture is one of the most powerful predictors of fragility
fracture, regardless of BMD.43 Consequently, the integration
of other clinical risk factors with BMD to determine a 10-year
absolute fracture risk can better assess the “gradient of risk”
and in some circumstances help to determine the need for
pharmacotherapy.40,44
A number of risk stratification tools have been developed
to combine the independent risks from BMD and other
clinical risk factors. Perhaps the most widely used risk
assessment tool to date is the World Health Organization
(WHO) fracture risk assessment (FRAX) model,45 which
provides a 10-year absolute fracture risk estimate based on
global observational epidemiologic data. Specified clinical
risk factors (including age, prior fragility fracture, family
history of hip fracture, cigarette smoking, excess alcohol
intake, rheumatoid arthritis, and other secondary causes of
bone loss) and DXA femoral neck (FN) BMD are required
for inputting to a Web program, an iPhone application, or
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directly into densitometer software. The concept of 10-year
absolute fracture risk is simple to understand and provides
meaningful information for determining fragility fracture
risk and the need for osteoporosis treatment.

Orthopedic Research and Reviews downloaded from https://www.dovepress.com/ by 100.24.113.182 on 25-Nov-2020
For personal use only.

Adherence to osteoporosis therapies
Adherence to oral osteoporosis therapy may be suboptimal
due to strict dosing requirements, as well as possible intolerance to therapy. Generally, patients prefer and adhere more
to less frequent dosing of their osteoporosis medication.46–50
Subcutaneous and intravenous administration may avoid perceived AEs associated with oral dosing, and adherence may
be enhanced due to the need for a health care professional
to administer the medication.
There are now a variety of dosing schedules and routes
of administration for osteoporosis therapies allowing the tailoring of therapy to an individual’s needs and desires. These
choices may provide opportunities for improved adherence to
therapy. In Canada, in addition to daily therapies (alendronate,
risedronate, teriparatide, raloxifene, calcitonin, and hormone
therapy), there are cyclical (etidronate), weekly (alendronate,
risedronate), monthly (risedronate, ibandronate), twice-yearly
(subcutaneous denosumab; under regulatory review), and
yearly (intravenous zoledronic acid) therapies.
Therapies dosed less frequently and with fewer AEs may
result in improved long-term adherence.

Pharmacology, mode of action,
and pharmacokinetics of denosumab
The protein RANK is a transmembrane receptor of the
tumor necrosis factor (TNF) superfamily on the surface of
osteoclast precursors and mature osteoclasts. This receptor is
also expressed in many other tissues, including chondrocytes,
mammary gland epithelial cells, trophoblast cells, dendritic
cells, and mature T cells.51
The protein RANKL is secreted and expressed primarily
by preosteoblastic and osteoblastic cells. It is also expressed
by endothelial cells, stromal cells, primitive mesenchymal
cells surrounding cartilage, chondrocytes, activated
T-lymphocytes, and immature CD4or CD8 thymocytes.51
The protein RANKL binds to its receptor, RANK,
which results in osteoclast differentiation, fusion, maturation, activation, or survival.52–60 The RANKL knockout mice
(no RANKL gene expression) have an absence of osteoclasts
and severe osteopetrosis.61 In preclinical studies, inhibition of
RANKL resulted in increased BMD, bone volume, and bone
strength.62–68 In almost all diseases associated with excessively
high rates of bone resorption, the RANK–RANKL pathway
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has been demonstrated to play a crucial role in the recruitment
and activation of osteoclasts, leading to significant, rapid losses
in bone mass: osteoporosis,69–71 Paget’s disease,72 rheumatoid
arthritis,73–77 psoriatic arthritis,78 prostate cancer,79,80 multiple
myeloma,81–85 breast cancer-associated bone metastases,81,86–89
bone pain associated with bone metastases,90–93 giant cell
tumors,94 and periprosthetic bone loss.75
The osteoprotegerin (OPG), a soluble member of the
TNF-receptor family, is an endogenous neutralizing decoy
receptor that competitively binds to RANKL, preventing
its binding to RANK and thereby preventing osteoclast
maturation and activity.62,95–97 Although the OPG is primarily expressed by mature osteoblasts, it is also released by
dendritic cells and lymphocytes.51
In rodent models, OPG administration quickly decreases
bone resorption. 67 Clinical trials involving OPG or
Fc-osteoprotegerin fusion protein (Fc-OPG) are not feasible
and have been abandoned in favor of a fully human monoclonal antibody targeted to RANKL, ie, denosumab. Denosumab
binds to RANKL and inhibits the activation of RANK in a
similar fashion to OPG. Compared to Fc-OPG, denosumab
is more potent (higher affinity), more specific to RANKL,
and possesses a longer half-life at equivalent doses.98
Following subcutaneous injection, systemic absorption of
denosumab is likely by the lymphatic system with subsequent
distribution to the vascular system. Elimination is through
metabolism, in the same manner as endogenous antibodies,
with little renal excretion.
The pharmacokinetics of denosumab in a dose-escalation
study was evaluated and was found to be nonlinear,
with 3 distinct phases.98 The first phase is a prolonged
absorption phase leading to maximal serum concentrations
of denosumab within 5–21 days; maximal serum concentrations increased disproportionately greater than the increase
in the dose (2.6-fold). The second phase was typified by
a prolonged β-phase, which increased with doses up to a
maximal 32 days. The last phase was a rapid terminal phase
observed at concentrations of 1000 mg/mL with a half-life
that increased from 5 to 10 days as dose increased from 0.01
to 3.0 mg/kg. The mean serum residence time increased with
the doses studied, ranging from 12 to 46 days.

Denosumab efficacy in
postmenopausal osteoporosis
Denosumab trials conducted in postmenopausal women have
demonstrated the potent antiresorptive properties of this antibody through reductions in bone turnover markers (BTMs);
increases in BMD; improvement in biomechanically calculated
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strength; and reductions in the risk of vertebral, nonvertebral,
and hip fractures in patients at risk. A comprehensive summary
of the relevant clinical trials can be found in Table 1.
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Biochemical markers of bone turnover
Postmenopausal osteoporosis is often accompanied by high
bone turnover, in part resulting from the decreases in endogenous estrogen associated with menopause. Decreased circulating estrogen in a postmenopausal woman results in increased
number and activity of osteoclasts mediated by the RANK –
RANKL – OPG pathway.99,100 Higher rates of bone resorption
over bone formation lead to losses in BMD, particularly in the
first decade following the menopause.101 The effectiveness of
an antiresorptive therapy, such as denosumab, can be estimated

Table 1 Phase 2 and phase 3 trials assessing the efficacy and safety of denosumab in osteopenic and osteoporotic postmenopausal
women
Lead author, year,
study acronym

Baseline
Duration

Cohorts

Bekker, 2004

6–9 mo

DB: Dose-ranging
PBO: SC injection
DB: Dose-rangingb
PBO: SC injection
ALN: 70 mg/wk
DB: Dose-rangingb
PBO: SC injection
ALN: 70 mg/wk
DB: 60 mg Q6mc
PBO: SC injection
ALN: discontinued
DB: 60 mg Q6m
PBO: SC injection
DB: 60 mg Q6m, PBO tablets
ALN: 70 mg/wk, SC PBO
injection

98

a

Sample size

Ca and vit D/d

Women mean age, y

DB: 37
PBO: 12
DB: 319
PBO: 46
ALN: 47

Ca: 0 g
Vit D: 0 IU
Ca: 1 g
Vit D: 400 IU

DB: 58.8–63.3
PBO: 54.3
DB: 60.5–64.7
PBO: 63.7
ALN: 62.8

DB: 166
PBO: 166
DB: 594
ALN: 595

Ca: $1 g
Vit D: $400 IU
Ca: $0.5 g
Vit D: $400 IU

DB: 59.8
PBO: 59.8
DB: 64.1
ALN: 64.6

McClung, 2006102

1y

Lewiecki, 2008103

2y

Miller, 2009104

4y

Bone, 2008, DEFEND105

2y

Brown, 2009, DECIDE106

1y

Cummings, 2009,
FREEDOM117

3y

DB: 60 mg Q6m
PBO: SC injection

DB: 3933
PBO: 3935

Ca: 1 g
Vit D: $400 IU

DB: 73.2
PBO: 72.3

Kendler, 2010, STAND107

1y

DB: 60 mg Q6m, PBO tablets
ALN: 70 mg/wk, SC
PBO injection

DB: 253
ALN: 251

Ca: 1 g
Vit D: $400 IU

DB: 66.9
PBO: 68.2

Seeman, 2010128

1y

DB: 60 mg Q6m, PBO tablets
PBO: PBO SC injection
and tablets
ALN: 70 mg/wk, SC
PBO injection

DB: 83
PBO: 82
ALN: 82

Ca: $0.5 g
Vit D: $400 IU

DB: 60.3
PBO: 60.8
ALN: 60.7
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by BTMs, and they can also help in determining the therapy’s
duration of effect on bone turnover.
In a placebo-controlled study of denosumab to assess
its safety and antiresorptive efficacy in postmenopausal
women,98 placebo or subcutaneous denosumab injection at
doses of 0.01, 0.03, 0.1, 0.3, 1.0, or 3.0 mg/kg was administered. Urinary cross-linked N-telopeptide of type I collagen
(uNTX; a bone resorption marker), serum NTX (sNTX), and
serum bone-specific alkaline phosphatase (BALP; a bone
formation marker) were assessed at several time points.
Denosumab rapidly decreased bone resorption; after a single
dose of denosumab, there was a dose-dependent decrease
in both uNTX and sNTX levels. After 24 hours, the highest
dose group of denosumab displayed a mean 73% decrease
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in uNTX (a 10% decrease in the placebo group). Maximum
uNTX reduction occurred 2 weeks after the injection in the
4 lowest-dose groups and after 1 month in the 2 highestdose groups (84% bone resorption suppression as compared
to baseline). Reversibility of denosumab treatment was
observed after maximum suppression of resorption, with
slow return toward baseline. The levels of BALP remained
unchanged until the third week following the subcutaneous
injection of denosumab after which dose-dependent decreases
were noted. A maximum mean change was attained 5 months
after denosumab injection in the highest-dose group (53%
decrease vs 8% increase in placebo), with a mean decrease of
37% after 9 months (33% decrease in placebo). The temporal
difference between suppression in resorption and formation

of markers was expected since bone resorption and formation
are linked to bone remodeling and follow one another in time.
This trial demonstrated that a single injection of denosumab
can lead to rapid and sustained decreases in bone turnover
in a dose-dependent and reversible manner.
The phase 2 denosumab trials in postmenopausal women
with low BMD were dose-ranging102 with random, blind
assignment to 1 of 8 groups (denosumab subcutaneous 6, 14,
or 30 mg every 3 months; denosumab subcutaneous 14, 60,
100, or 210 mg every 6 months; or placebo) or open-label
alendronate (70 mg/wk) for, initially, 1 year. Three days after
denosumab injection, serum C-telopeptide cross-links of
type I collagen (sCTX) decreased significantly as compared
to placebo (for changes in sCTX in all available trials, see

Table 1 (Continued)
Mean BMD T-score

Percent follow-up

Primary outcome and secondary outcomes

NA

100%

LS: from −2.0 to −2.3
TH: from −1.3 to −1.5
FN: from −1.7 to −2.0

90%

1˚: % ∆ uNTX and BALP during 6–9 mo follow-up after single SC injection
2˚: ∆ in sCa and iPTH during 6–9 mo follow-up after single SC injection
1˚: % ∆ LS BMD at 12 mo
2˚: % ∆ TH, FN, TB, and OTR BMD and % ∆ in sCTX, uNTX, and BALP after 12 mo

DB LS: −1.55
PBO LS: −1.66
DB LS: −2.57
ALN LS: −2.57
DB TH: −1.75
ALN TH: −1.69
LS: −2.8
TH: −1.9
FN: −2.2
DB LS: −2.64
ALN LS: −2.62
DB TH: −1.79
ALN TH: −1.81
DB LS: −2.4
PBO LS: −2.4
ALN LS: −2.5
DB TH: −1.4
PBO TH: −1.1
ALN TH: −1.4

82%

1˚: % ∆ LS BMD at 12 mo
2˚: % ∆ LS, TH, FN, TB, and OTR BMD and % ∆ in sCTX, uNTX, and BALP after 24 mo

64%

1˚: % ∆ LS BMD at 12 mo
2˚: % ∆ LS, TH, FN, TB, and OTR BMD and sCTX, uNTX, and BALP after 48 mo

86%

1˚: % ∆ LS BMD at 24 mo
2˚: % ∆ TH, FN, OTR, and TB BMD at 24 mo and % ∆ in QCT-assessed distal radius BMD at 24 mo
1˚: % ∆ TH BMD at 12 mo equal between DB and ALN
2˚: DB . ALN of TH and OTR BMD at 12 mo, DB = ALN GT, FN, LS BMD at 12 mo

94%

82%

1˚: new vert fx after 36 mo
2˚: time to first non vert fx, time to first hip fx

95%

1˚: % ∆ TH BMD at 12 mo
2˚: % ∆ in sCTX at 3 m and % ∆ LS BMD at 12 mo

88%

Exploratory efficacy end points: % ∆ as assessed by HR-pQCT at distal radius and tibia in total,
trabecular and cortical volumetric BMD, cortical thickness, trabecular number, thickness, and
separation; % ∆ as assessed by QCT in volumetric BMD and polar moment of inertia; % ∆ in
sCTX and P1NP

Notes: aDB SC injection at doses of 0.01, 0.03, 0.1, 0.3, 1.0, or 3.0 mg/kg; bDB SC doses of 6, 14, or 30 mg every 3 months; DB SC 14, 60, 100, or 210 mg every 6 months;
c
Prior 30 mg Q3m DB dose was discontinued for year 3 and restarted on 60 mg Q6m in year 4, prior DB dose 210 mg every 6 months was discontinued for years 3 and 4,
all other prior DB doses were switched to 60 mg Q6m for years 3 and 4.
Abbreviations: DB, denosumab; ALN, alendronate; PBO, placebo; SC, subcutaneous; 60 mg Q6m, 60 mg subcutaneously every 6 months; BMD, bone mineral density; LS,
lumbar spine; TH, total hip; FN, femoral neck; TB, total body; OTR, distal one-third radius; GT, greater trochanter; Ca and Vit D/d, daily calcium and vitamin D supplementation;
1˚, primary outcome; 2˚, secondary outcomes; fx, fracture; vert, vertebral; NA, not available/not applicable; ∆, change; uNTX, urinary cross-linked N-telopeptide of type I
collagen; BALP, bone-specific alkaline phosphatase; sCTX, serum C-telopeptide cross-links of type I collagen; QCT, quantitative computed tomography; HR-pQCT, highresolution peripheral QCT; P1NP, procollagen type I N-terminal propeptide; sCa, serum calcium; iPTH, intact serum parathyroid hormone.
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Figure 1, and for changes in bone formation markers, see
Figure 2; note that in all figures data points were extracted
from primary publications as accurately as possible). The
maximum mean decrease in resorption of the denosumab
groups was 88% (vs 6% decrease with placebo), with larger
doses suppressing turnover for a longer period of time, on
average. The uNTX and sCTX results were similar. The bone
formation markers (ie, BALP) showed a similar pattern of
suppression, which was delayed for 1 month after the bone
resorption marker decline. Alendronate reduced resorption
markers to a similar magnitude, albeit more slowly than
denosumab.
In the second year of this trial, BTMs showed stable suppression of bone turnover with partial release just prior to
the next denosumab injection. Progressive suppression was
not seen, and there was no evidence of tachyphylaxis.102,103
Four-year follow-up of this cohort102–104 involved crossing
some patients previously on other doses of denosumab over
to active therapy with denosumab 60 mg every 6 months
(60 mg Q6m). Some patients who were treated with
denosumab for the initial 2 years were crossed over to placebo.

The open-label alendronate group discontinued therapy, and
the placebo group continued placebo through year 4.104
In the cohort that continued denosumab (60 mg Q6m),
BTM suppression continued similar to the initial 2 years
of therapy.
The group that discontinued denosumab showed rebound
increases above baseline BTMs in year 3 with a return to
baseline levels after year 4, demonstrating the reversibility
of denosumab with return to baseline BTM status.
Following a year off denosumab therapy, re-treatment in
the fourth year rapidly reduced BTMs similar to treatmentnaive patients.104
After discontinuation of alendronate, there was a slow
increase in BTMs toward baseline; however, levels remained
significantly lower than baseline after 2 years off therapy.
Differences in reversibility between alendronate and denosumab may relate to the difference in mechanism of action
between the 2 drugs, as well as differences in the elimination
of the medications. Alendronate, through its incorporation
in bone tissue, likely persists for many months to years with
residual effects on bone and the cells that act on it.
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Figure 1 Percent change in serum C-telopeptide cross-links of type I collagen (sCTX) from baseline after denosumab administration in phase 2 and 3 clinical trials in
postmenopausal women with low bone mass. All data represent the 60-mg denosumab every 6 months dose.
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Figure 2 Percent change in procollagen type I intact N-terminal propeptide (P1NP) or bone-specific alkaline phosphatase (BALP) from baseline after denosumab administration
in phase 2 and 3 clinical trials in postmenopausal women with low bone mass. All data represent the 60-mg denosumab every 6 months dose.

The role of denosumab in the prevention of
postmenopausal bone loss was investigated in the Denosumab Fortifies Bone Density (DEFEND) trial in which 60
mg Q6m denosumab or placebo was administered to a cohort
of osteopenic postmenopausal women.105 The sCTXs, serum
band 5 tartrate-resistant acid phosphatase (TRAP-5b; a bone
resorption marker) and serum procollagen type I intact
N-terminal propeptide (P1NP; a bone formation marker),
were assessed at baseline and at various time points. The
BTMs were rapidly reduced by denosumab with sCTX
reaching a nadir within 1 month (median, 89% reduction)
and remained at this level thereafter. The reductions in
TRAP-5b were similar to those in sCTX. The level of P1NP
was reduced by 32% with denosumab treatment at 1 month,
and there were eventual reductions of 65%–76% during the
2 years (vs 4%–15% reductions in the placebo group). This
trial demonstrated that denosumab rapidly decreased bone
turnover in osteopenic women.
The Determining Efficacy: Comparison of Initiating
Denosumab vs Alendronate (DECIDE) trial was a randomized head-to-head comparison of denosumab (60 mg Q6m)
and alendronate (70 mg/wk) over 1 year.106 BTMs were

Orthopedic Research and Reviews 2010:2

reduced with both therapies, but to a greater magnitude
in denosumab patients and with indication of release from
bone turnover suppression prior to each 6-monthly injection. With denosumab therapy, decreases in sCTX were
rapid with an 89% median decrease from baseline after
1 month compared to a median decrease of 61% for the
alendronate group (P , 0.001). At all time points (except
year 1), the median suppression of sCTX was significantly
greater (P , 0.001) in the denosumab group (74%–89%)
compared to the alendronate group (66%–76%). The level
of P1NP decreased with both therapies, and there were
significantly greater decreases with denosumab therapy at
all time points.106
Bisphosphonates are retained in the skeleton for a prolonged period of time. Thus, it is important that safety and
efficacy of other therapies in patients switching from bisphosphonates to other agents such as denosumab are evaluated.
The Study of Transitioning from Alendronate to Denosumab
(STAND) trial was a 1-year phase 3 trial that compared
denosumab (60 mg Q6m) to alendronate (70 mg/wk) in postmenopausal women previously treated with alendronate for
more than 6 months (median 36 months).107 Bone resorption
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(sCTX) in the alendronate group remained stably suppressed.
In patients treated with denosumab, sCTX was significantly
decreased as compared to baseline in as early as 5 days.
The levels of sCTX and P1NP in patients on denosumab
showed greater decreases compared to alendronate. This
study demonstrated that after a median 3 years of alendronate
therapy, denosumab was able to further rapidly reduce bone
turnover.
Denosumab consistently decreased BTMs, with decreases
of 70%–90% from baseline, and demonstrated reversibility
with values drifting slightly upward just before the next scheduled denosumab dose (Figure 1). In other placebo-controlled
trials, uNTX was reduced by alendronate by 56%–70%,108,109
risedronate by 40%–61%,110,111 zoledronic acid by 45%–65%,112
and raloxifene by 17%.113 The greater (and more rapid) reduction of BTMs with denosumab therapy in head-to-head trials
with alendronate may be due to the difference in mechanism of
action or to greater access of denosumab to cortical compartments of bone. The rapid onset of the action of denosumab
suggests that active, mature osteoclasts are inhibited almost
immediately after treatment.98 Finally, on discontinuation

of denosumab, BTMs return back to baseline within a few
months, demonstrating its reversibility.104

Bone mineral density
Treatment with denosumab results in increases in BMD at
all measured sites. Figures 3, 4, and 5 present the change
in BMD from baseline of the lumbar spine (LS), total
hip (TH), and distal one-third radius (OTR) when treated
with 60 mg Q6m denosumab for all applicable postmenopausal osteoporosis trials.
In a phase 2 study,102 there was a 0.8% mean decrease in
LS BMD with the placebo group compared to increases of
3.0%–6.7% in the denosumab groups, depending on dose, after
1 year (all P , 0.001 vs placebo). Similar results were seen for
TH (denosumab: 1.9%–3.6% vs placebo: −0.6%; P , 0.001),
OTR (denosumab: 0.4%–1.3% vs placebo: −2.0%; P , 0.001),
and total body (TB; denosumab: 0.6%–2.8% vs placebo: −0.2%;
P , 0.01, except 14 mg denosumab every 6 months). Some
denosumab groups (including 60 mg Q6m) increased LS
BMD significantly in as little as 1 month, compared to placebo
(P , 0.05). There were significantly greater gains in BMD with
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McClung et al,102 Lewiecki et al,103 Miller et al104

denosumab injection

Bone et al
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Percent change in lumbar spine bone
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Months of denosumab 60 mg every 6 months therapy
Figure 3 Percent change in lumbar spine bone mineral density from baseline after denosumab administration in phase 2 and 3 clinical trials in postmenopausal women with
low bone mass. All data represent the 60-mg denosumab every 6 months dose.
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Months of denosumab 60 mg every six months therapy
Figure 4 Percent change in total hip bone mineral density from baseline after denosumab administration in phase 2 and 3 clinical trials in postmenopausal women with low
bone mass. All data represent the 60-mg denosumab every 6 months dose.
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Figure 5 Percent change in distal one-third radius bone mineral density from baseline after denosumab administration in phase 2 and 3 clinical trials in postmenopausal
women with low bone mass. All data represent the 60-mg denosumab every 6 months dose.

Orthopedic Research and Reviews 2010:2

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

57

Dovepress

Orthopedic Research and Reviews downloaded from https://www.dovepress.com/ by 100.24.113.182 on 25-Nov-2020
For personal use only.

Kendler and Davison

denosumab (as compared to alendronate) at the more-cortical
OTR and TH sites.102
There were further significant increases in BMD with
denosumab at all sites after 2 years of therapy (P , 0.001).103
Lumbar spine BMD was greater than placebo in as early as
3 months on denosumab therapy. Denosumab was associated
with greater increases in BMD after 2 years of therapy than
alendronate at all sites (except the 14 mg every 6 months
dose). The increases in BMD were independent of baseline
BMD or baseline sCTX.
After 4 years, most patients on denosumab gained BMD
at the LS and the TH sites (97% and 96%, respectively),
whereas most of the placebo group lost BMD at these sites
(72% and 83%, respectively).104 Denosumab patients had a
9.8%–11.8% increase in LS BMD, a 4.0%–6.1% increase
in TH BMD, and a 1.0%–1.7% increase in OTR BMD over
the 4 years compared to a mean decrease of 2.4%, 3.5%, and
4.7% in the placebo group, respectively (all P , 0.001).
In the group that discontinued denosumab after year 2,
there was a drop in BMD in the third year equivalent to
the gain in the first 2 years of therapy; but the values were
still higher than those for the group on placebo for 4 years.
Re-treatment with denosumab after a year of discontinuation
resulted in increases in BMD similar to those observed in
the first 2 years of therapy. Discontinuation of alendronate
led to modest declines in LS BMD by the end of year 4, and
larger decreases in BMD at the TH and OTR.
In the DEFEND trial of denosumab in osteopenic women,
the response to denosumab in LS BMD was rapid with significant differences from placebo at 1 month and at all time
points thereafter (all P , 0.01).105 There were significant
increases in TH, FN, OTR, and TB BMD and in quantitative computed tomography (QCT)-assessed total volumetric
BMD (vBMD), as compared to placebo after 2 years of
denosumab therapy (all P , 0.01). A total of 96%, 96%,
and 71% of the denosumab cohort gained LS, TH, and OTR
BMD, respectively, whereas only 39%, 31%, and 22% of the
placebo group gained LS, TH, and OTR BMD respectively
(P , 0.001). This trial demonstrated that denosumab rapidly
and significantly increases BMD in osteopenic women.
In the phase 3 DECIDE study,106 a year of denosumab
therapy increased TH BMD by a mean 3.5% compared to
a mean 2.6% increase in women treated with alendronate
(P , 0.001). Significantly greater gains in BMD with denosumab vs alendronate were reported at the FN (2.4% vs
1.8%), trochanter (4.5% vs 3.4%), LS (5.3% vs 4.2%), and
OTR (1.1% vs 0.6%) sites after 1 year; the same was true at
6 months. This trial demonstrated denosumab’s superiority
in increasing BMD after a year as compared to alendronate;
58
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head-to-head trials vs risedronate or ibandronate have shown
superior BMD increases with alendronate therapy.114–116
In the STAND trial,107 where patients previously on alendronate were transitioned to denosumab or maintained on
alendronate, TH and LS BMD increased significantly more
with denosumab (1.90% and 3.30%, respectively; P , 0.001)
compared to alendronate (1.05% and 1.85%, respectively);
significantly greater gains with denosumab were also realized
at the FN and OTR (P , 0.05). Again, significantly greater
gains were measured in the denosumab group in as early as
6 months (P , 0.05 at LS, TH, and FN). This study demonstrated that denosumab administration can increase BMD more
rapidly and to a greater extent than alendronate continuation in
patients who were previously stable on alendronate therapy.
As can be observed from Figures 3, 4, and 5, denosumab
administration results in increases in BMD at all sites
measured.

Fracture
The Fracture Reduction Evaluation of Denosumab in
Osteoporosis Every Six Months (FREEDOM) trial was a
phase 3 placebo-controlled trial that compared denosumab
(60 mg Q6m) vs placebo in the prevention of fractures.117
Approximately, a quarter of the women under study had a
prevalent vertebral fracture at baseline.
After 36 months, there was a 68% reduction in the risk
of new vertebral fractures with denosumab therapy (relative
risk [RR] = 0.32; 95% confidence interval [CI], 0.26–0.41;
absolute risk = 2.3% denosumab and 7.2% placebo) as
compared to placebo, with similar reductions in risk for all
3 years of the trial. Similar 3-year reductions in fracture risk
with denosumab therapy were calculated for new clinical
vertebral fractures (69% reduction; hazard ratio = 0.31; 95%
CI, 0.20–0.47; absolute risk = 0.8% for denosumab and 2.6%
for placebo), multiple new vertebral fractures (61% reduction; RR = 0.39; 95% CI, 0.24–0.63; absolute risk = 0.6%
denosumab and 1.6% placebo), nonvertebral fractures (20%
reduction; hazard ratio = 0.80; 95% CI, 0.67–0.95; absolute
risk = 6.5% denosumab and 8.0% placebo), and hip fractures
(40% reduction; hazard ratio = 0.60; 95% CI, 0.37–0.97;
absolute risk = 0.7% denosumab and 1.2% placebo).
Although not in head-to-head comparison trials, the
vertebral fracture risk reductions were similar to those
reported for intravenous zoledronic acid but generally
higher than reductions with oral bisphosphonates,118–122
and the nonvertebral reductions in fracture risk were
comparable to those reported for alendronate, risedronate,
and zoledronic acid.118–120 The efficacy of denosumab in
decreasing vertebral, nonvertebral, and hip fracture risks
Orthopedic Research and Reviews 2010:2
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compared to other osteoporosis medications (alendronate,118
etidronate,123 risedronate,124–126 teriparatide,127 and zoledronic acid119) are presented in Figures 6, 7, and 8, respectively. Although these data compare treatment in largely
similar populations (older postmenopausal women), there
are differences in baseline BMD and prior fracture history
that can account for some of the observed differences in
fracture risk reduction. Further, the absence of head-tohead fracture trials negates the possibility of conclusively
comparing the antifracture therapies for their reductions
in fracture risk.
After 3 years, there was a 9.2% increase in LS BMD and a
6.0% increase at the TH as compared to placebo (P , 0.001).
As with the other trials, the reduction in markers of bone
turnover was rapid (86% reduction of sCTX in first month)
and sustained (72% reduced at 36 months). Similar trends
were observed with P1NP, but with some lag (18% reduced
after 1 month and 76% reduced after 36 months).117

Bone strength and denosumab
A phase 2 study was conducted over a 1-year period to
assess the impact of alendronate (70 mg/wk) or denosumab
(60 mg Q6m) compared to placebo on the microarchitectural
1.2

Relative risk of new vertebral fracture after three
years of therapy (95% confidence intervals)*
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components of bone as assessed by high-resolution peripheral
QCT (HR-pQCT) at the wrist and distal tibia.128
At the distal radius, treatment with denosumab increased
all vBMD measures and cortical thickness relative to baseline
(significantly greater than alendronate for total and cortical
vBMD) after 1 year, treatment with alendronate preserved
vBMD and increased cortical thickness, and treatment with
placebo resulted in losses in all measures of vBMD and in
cortical thickness.
At the distal tibia, treatment with denosumab increased
all vBMD measures and cortical thickness relative to baseline
(significantly greater than alendronate for total and cortical
vBMD) after 1 year; treatment with alendronate resulted in
increased total and trabecular vBMD, maintained cortical
vBMD, and resulted in increased cortical thickness; and
treatment with placebo resulted in losses in all measures of
vBMD and increased cortical thickness. Denosumab therapy
increased vBMD significantly more than alendronate at most
sites assessed by HR-pQCT.
In a post hoc analysis of a subset of DXA scans from the
phase 2 trial,103 changes in bone structure and mechanical
strength indices were investigated using hip structural analysis (HSA) in patients treated for 2 years with alendronate,

* teriparatide average 21 months of therapy

1

0.8

0.6

0.4

0.2

0
alendronate
denosumab
alendronate
etidronate
risedronate
risedronate
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(Neer, 2001127)

zoledronic acid
(Black, 2007119)

Anti-fracture therapy (lead author, year data published)
Figure 6 Relative risk of new vertebral fracture after 3 years of antifracture therapy.
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Relative risk of nonvertebral fracture after three
years of therapy (95% confidence intervals)*

*teriperatide average 21 months of therapy

Data presented not from head-to-head clinical trials
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Figure 7 Relative risk of nonvertebral fracture after 3 years of antifracture therapy.
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denosumab, or placebo.129 At 12 and 24 months, both the
alendronate and denosumab treatment groups had improved
structure and strength measures compared to the placebo
group. At the intertrochanteric and femoral shaft sites, the
effect of denosumab was greater than that of alendronate.
Similar HSA results were reported in the DEFEND trial in
osteopenic women.105 These trials demonstrate that denosumab
therapy leads to structural changes in bone that may be more
beneficial to cortical bone strength than alendronate therapy.

Denosumab for prevention
of treatment-induced bone loss
(hormone ablation therapy)
Denosumab trials in patients with treatment-induced bone
loss (hormone ablation therapy) have demonstrated the potent
antiresorptive properties of denosumab through reductions
in BTMs, increases in BMD, and reduction in the risk of
new vertebral fractures. A comprehensive summary of the
relevant clinical trials can be found in Table 2.

Denosumab and androgen
ablation therapy
Prevention of bone loss during ADT is important because
if untreated, this patient population is at high risk of bone
loss and fragility fracture. A randomized, double-blind,
placebo-controlled phase 3 trial130 evaluated the impact of
denosumab (60 mg Q6m) or placebo on BMD and fractures
in men receiving ADT for hormone-sensitive prostate cancer. With denosumab treatment, markers of bone resorption
decreased rapidly and significantly and BMD increased at all
measured sites. At the LS, there were significant increases
in BMD at 1 month that continued through 3 years, with a
6.7% increase compared to the placebo group after 24 months
(P , 0.001). There were significant increases in BMD compared to placebo at all other assessed sites and at all time
points (TH, FN, OTR, and TB; P , 0.001). Importantly, after
3 years of denosumab therapy, there was an RR reduction
of 62% in new vertebral fractures compared to the placebo
group (RR = 0.38; 95% CI, 0.19–0.78; absolute risk = 1.5%
denosumab and 3.9% placebo). This study demonstrated the
ability of denosumab to rapidly decrease bone resorption,
to significantly increase BMD at all sites assessed, and to
decrease the incidence of new vertebral fractures by 62% in
men treated for prostate cancer. Other studies on men with
osteoporosis have demonstrated that oral bisphosphonates
and teriparatide increase bone density to a similar degree
as in the case of postmenopausal women treated with the
same agents.131–134
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In a subgroup analysis of the aforementioned trial,
regardless of other risk subgroups, denosumab consistently
and significantly increased BMD over 3 years compared to
placebo.37 The subgroups included in the analysis were age
(,70 years or $70 years), body mass index (BMI, ,26 kg/m2
or $26 kg/m2), prevalent vertebral fracture (yes or no),
LS BMD T-score (,−1.0 or $ −1.0), TH BMD T-score
(,−1.0 or $−1.0), OTR BMD T-score (,−1.0 or $−1.0),
months prior ADT (,6 or $6), type of prior ADT (GnRh
agonist or bilateral orchidectomy), and baseline biochemical
marker levels (CTX and TRAP-5b). Men who had a shorter
period of prior ADT had a better response in LS BMD to
denosumab, underscoring the importance of preventing bone
loss. Further, men having the highest levels of bone resorption at baseline had the greatest response to denosumab
therapy. This study demonstrated that in men treated with
androgen ablation for prostate cancer, denosumab works
effectively in preventing bone loss in all subgroups.
In a phase 2 trial, treatment with denosumab in patients
with bone metastases decreased uNTX even after prior therapy
with intravenous (IV) zoledronic acid.135 In a substudy of the
aforementioned study involving the prostate cancer patients
only, denosumab normalized uNTX to a greater extent than
the continued administration of IV bisphosphonate.136 This
study demonstrated that denosumab decreases bone resorption to a greater extent than IV bisphosphonates in prostate
cancer patients.
Denosumab is an effective therapy for the preservation of
bone mass and the avoidance of skeletal-related AEs during
ADT in men with prostate cancer.

Denosumab and treatment-induced bone
loss with aromatase-inhibitor therapy
Aromatase-inhibitor therapy for hormone-sensitive breast
cancer rapidly increases bone resorption and decreases BMD.
Prevention of aromatase-inhibitor-induced bone loss during
treatment for breast cancer is an important concern.
A 2-year phase 3 trial of denosumab (60 mg Q6m) vs
placebo in the treatment of women with breast cancer undergoing aromatase-inhibitor therapy137 showed that after a year
of denosumab, LS BMD increased by 5.5% compared to the
placebo group; the BMD gains were independent of duration
of aromatase-inhibitor use or type, or prior tamoxifene use.
Significant differences in LS BMD between groups were
observed at 1 month after therapy initiation and these continued through 2 years (7.6% at 2 years). Significant gains
in BMD occurred at sites, including the OTR. After 1 month
of denosumab therapy, the earliest evaluation, the levels of
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Men with
nonmetastatic PC;
DB: 60 mg Q6m
PBO: SC injection

3y

2y

13 wk
Interim analysis
of Lipton,
2008140

25 wk efficacy
57 wk safety

25 wk efficacy
57 wk safety

Smith,
200937,a

Ellis,
2009138,b

Lipton,
2007139

Lipton,
2008140

Fizazi,
2009136,d
DB: 74
BP: 37

DB: 212
BP: 43

DB: 212
BP: 43

DB: 127
PBO: 125

DB: 734
PBO: 734

Sample
size

Ca: $0.5 g
Vit D: $400 IU

NA

NA

Ca: $1 g
Vit D: $400 IU

Ca: $1 g
Vit D: $400 IU

Ca and vit D/d

Median age:
DB: 63
BP: 61

DB: 56.5–59.2
BP: 52.0

DB: 56.5–59.2
BP: 52.0

DB: 59.2
PBO: 59.7

DB: 75.3
PBO: 75.5

Mean age, y

NA

NA

62%

DB LS: −0.3
PBO LS: −0.4
DB TH: −0.9
PBO TH: −0.9
DB FN: −1.4
PBO FN: −1.4
DB LS: −1.13
PBO LS: −0.98
DB TH: −1.02
PBO TH: −0.88
DB FN: −1.33
PBO FN: −1.20
NA

25 wk:
DB: 87%
BP: 84%
57 wk:
DB: 70%
BP: 67%
25 wk:
DB: 72%
BP: 68%
57 wk:
DB: 20%
BP: 27%

92%

81%

Percent
follow-up

Mean BMD
T-score

1˚: % patients with uNTX below 50 nmol/L/mM
creatinine at wk 13
2˚: % patients with uNTX below 50 nmol/L/mM
creatinine at wk 25, time to $50% reduction,
duration uNTX ,50, % ∆ in CTX and uNTX to wk
25, incidence of hypocalcemia, % experiencing SRE,
and time to first on-study SRE
Prior therapy: $8 wk prior BP therapy

1˚: median % ∆ in uNTX to wk 13
2˚: % patients attaining 65% reduction in uNTX at
wk 13 and the median time to $65% reduction
Prior therapy: antineoplastic therapy at baseline
45%–53% chemotherapy; no prior BP therapy
1˚: median % ∆ in uNTX to wk 13
2˚: % patients attaining 65% reduction in uNTX at
wk 25 and the median time to $65% reduction
Prior therapy: as above

1˚: % ∆ LS BMD at 24 mo
2˚: % ∆ FN and TH BMD at 24 mo, % ∆ BMD at all
sites at 36 mo, incidence of new vertebral fracture
over 36 mo
Prior therapy: 24% 0–6 mo ADT, 1.2%–1.4% prior BP
therapy
1˚: % ∆ LS BMD at 12 mo
2˚: % ∆ LS BMD at 6 mo, TH and FN BMD at 12 mo
Therapy at randomization: 63% .6 mo AI therapy;
54%–66% anastrozole, remainder letrozole and
exemestane

Primary outcome, secondary outcomes, type
and duration of prior therapy

Notes: aSubgroup analyses were performed from this cohort and were published separately.37 Since the demographics are identical, it is not replicated in the table; bSubgroup analyses were performed from this cohort and were published
separately.138 Since the demographics are identical, it is not replicated in the table; cDB doses of 30, 120, or 180 mg every 4 weeks and 60 or 180 mg every 12 weeks; dSubgroup analyses of the PC group only were performed from this
cohort and were published separately.136 Since the demographics are virtually identical, it is not replicated in the table.
Abbreviations: PC, prostrate cancer; DB, denosumab; BP, bisphosphonate; IV, intravenous; PBO, placebo; SC, subcutaneous; BC, breast cancer; 60 mg Q6m, 60 mg subcutaneously every 6 months; BMD, bone mineral density; LS,
lumbar spine; TH, total hip; FN, femoral neck; Ca and vit D/d, daily calcium and vitamin D supplementation; 1˚, primary outcome; 2˚, secondary outcomes; NA, not available/not applicable; ∆, change; AI, aromatase inhibitor; uNTX, urinary
cross-linked N-telopeptide of type I collagen; sCTX, serum C-telopeptide cross-links of type I collagen; ADT, androgen-deprivation therapy; SRE, skeletal related event.

Patients with bone
metastases from
PC, BC, or other
neoplasms;
DB: 180 mg every 4
or 12 wk
BP: IV every 4 wk

Women with
BC-related bone
metastases;
DB: dose-rangingc
BP: IV every 4 wk
Women with
BC-related bone
metastases;
DB: dose-rangingc
BP: IV every 4 wk

Women with
nonmetastatic BC;
DB: 60 mg Q6m
PBO: SC injection

Cohorts

Baseline

Duration

Lead
author,
year

Table 2 Phase 2 and phase 3 trials assessing the efficacy and safety of denosumab in the preservation of bone mass in men and women undergoing hormone ablation therapy for
treatment of hormone-sensitive cancers
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sCTX and P1NP were reduced by a median 91% and 29%,
respectively, and from 6 to 24 months there was 63%–80%
and 71%–73% suppression, respectively.
In a subgroup analysis of this study, denosumab worked
equally well and at all BMD sites for all subgroups investigated
(duration and type of aromatase-inhibitor, tamoxifene use, age,
time since menopause, BMI, and BMD T-score).138
Bisphosphonate-naive women with breast cancer–related
bone metastases received 1 of 5 doses of denosumab (every
4 weeks at 30, 120, or 180 mg; or every 12 weeks at 60 or
180 mg) or denosumab with open-label IV bisphosphonate.139
After 13 weeks, there was a 73% reduction in uNTX for the
overall denosumab group and a 79% reduction for the bisphosphonate group. In total, 74% of the denosumab patients
met the target reduction in resorption suppression (.65%
reduction in uNTX), whereas only 63% of the bisphosphonate
group did so. Skeletal-related AEs were experienced by 9% of
the denosumab-treated patients and 16% of the bisphosphonate group. In a continuation of the aforementioned study,140
the uNTX decrease for the denosumab group was 75% and
for the bisphosphonate group 71%, with 52% and 46% of the
denosumab and bisphosphonate groups attaining the target
suppression at 25 weeks, respectively. Total skeletal-related
AEs were 12% for the denosumab-treated patients and 16%
for the bisphosphonate-treated patients.
These studies demonstrated that denosumab leads to rapid
reductions in bone turnover and significant increases in BMD
in women undergoing aromatase-inhibitor therapy for breast
cancer. Many patients on bisphosphonate therapy receiving
advanced care for cancer do not attain acceptable levels of
suppression of bone resorption with current bisphosphonate
therapies.141

Safety and tolerability
of denosumab
Denosumab has a good safety profile, with consistent findings
from phase 2 and 3 trials in postmenopausal women and from
men and women receiving therapy for hormone-sensitive
cancers.
The majority of clinical trials with denosumab have
reported rates of AEs and serious AEs (SAEs) that are comparable to placebo or comparator groups (ie, alendronate) over
1 year,98,106,137 2 years,103,105,130 3 years,117 and 4 years.104
The best trial to evaluate AEs is the FREEDOM trial,117
with nearly 4,000 patients in each denosumab treatment group
followed over 3 years. This trial will be extended to 10 years,
and ongoing surveillance should alert us regarding later
safety issues in adequate time. In this trial, there are no sig-
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nificant differences between the placebo and the denosumab
groups in terms of rates of AEs or SAEs, or discontinuation
due to AEs over 3 years of follow-up. Over 3 years of therapy,
eczema was reported in 3.0% of denosumab subjects and
1.7% of the placebo group (P , 0.001). Twelve subjects
(0.3%) in the denosumab group reported SAEs of cellulitis,
vs 1 (,0.01%) in the placebo group (P = 0.002), but there
was no overall difference in the rate of cellulitis between the
groups (denosumab: 1.2% vs placebo: 0.9%).
In the 2-year DEFEND trial,105 SAEs occurred in 11%
of the denosumab group and 5.5% of the placebo group
(P = 0.074). In the 4 years of data from the phase 2 trials,102–104
SAEs were experienced in 11% of the placebo group, 18% of
the denosumab group, and 17% of the alendronate group. In the
comparator trials with alendronate, significantly higher rates of
gastrointestinal AEs (dyspepsia, nausea) were reported compared to those reported with denosumab or placebo.102–104
The higher numbers of SAEs with denosumab in the
DEFEND trial were mostly due to a higher number of
hospital-treated infections, with no opportunistic infections
reported; all hospitalization infections recovered with standard
antibiotic treatment, and no infection was considered to be a
result of the study drug. In the FREEDOM trial,117 there were
4 cases of opportunistic infection in the denosumab group and
3 in the placebo group. In the 4 years of data from the phase
2 trials,102–104 a total of 3.2% of the denosumab-treated patients
reported as having contracted an infection requiring hospitalization; however, none were opportunistic and all were treated
successfully by standard antibiotics. The overall infection rate
was similar for all groups (67% placebo, 66% denosumab, and
70% alendronate). In the treatment of prostate cancer, SAEs
related to infection were reported in 5.9% of the denosumabtreated patients and in 4.6% of the placebo-treated patients.130
Although the overall rates of AEs and SAEs are similar
in denosumab and placebo groups, patients hospitalized
with cellulitis, eczema, and erysipelis increased with denosumab therapy. Though these events are infrequent and
easily resolved, postmarketing surveillance and the results
of longer-term trials need to be monitored.
The ligand, RANKL, activates the RANK receptor
and may be responsible for T cell growth and for dendritic
cell-function.61,142 Reducing RANKL activity may lead to a
greater susceptibility to infections and malignancies.143 This,
however, is most likely a redundant mechanism of immune
competence, and clinical trials have not demonstrated any
overall increase in the risk of infection or malignancy. In the
large clinical trials conducted to date, an increase in hospitalized cellulitis, but no overall increases in the rate of infections
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or cancers, has been observed. In the DEFEND prevention
trial,105 there were 4 neoplasms in the denosumab group and
1 in the placebo group and in a 1-year denosumab vs placebo
trial, there was no significant difference in the incidence of
malignancies.106 Regardless, there is need to monitor for longterm side effects of denosumab therapy, including increases
in infection and cancer rates.
Neutralizing antidenosumab antibodies would be problematic for patients undergoing long-term therapy and have
been assayed on many of the denosumab clinical trials. To
date, no neutralizing antidenosumab antibodies have been
detected in any of the clinical trials, with up to 4 years of
follow-up.102–106,117,128,130,137 In the phase 2 trial,102 2 patients
who received denosumab had detectable denosumab-binding
antibodies that were found to be nonneutralizing and were
not detected with subsequent testing. In the DEFEND prevention105 study, 2 subjects (1%) in the denosumab group
and 3 subjects (2%) in the placebo group tested positive for
antidenosumab antibodies, but all were nonneutralizing.
There have been no significant laboratory AEs reported
with denosumab use,102,103,105,106 no changes in immune parameters, and no reports of symptomatic hypocalcemia, with up
to 4 years of follow-up.103–106,137 Bone biopsies (nonpaired)
taken after different lengths of exposure to denosumab show
low bone turnover with no signs of osteomalacia, woven bone,
or other bone metabolic pathologies.144
The infrequent occurrence of osteonecrosis of the jaw145
and atypical fractures of the proximal femoral shaft,146 which
is a cause of concern, with the use of amino bisphosphonates,
themselves potent suppressors of bone turnover, have led to
questions regarding the possibility of occurrence of these
events with denosumab. To date, there are no published data
reporting a relationship between denosumab and atypical fractures. Recently, 3 papers were published that report the occurrence of osteonecrosis of the jaw in women and men receiving
denosumab for the treatment of advanced cancers147,148
or severe osteoporosis.149 In a letter to the editor, a group
reported composite data from 2 trials involving denosumab
treatment of metastases in bisphosphonate-naive patients
with advanced cancers.148 It was suggested that doses of
denosumab over 120 mg per month may be associated with an
increased risk of osteonecrosis of the jaw (estimated number
needed to harm, 67). A case study reported the development
of osteonecrosis of the jaw in a 65-year-old woman with a
significant clinical history including non-insulin-dependent
diabetes, morbid obesity, below-knee amputation of one leg
due to congenitally missing fibula, hypertension, congestive
heart failure, and sacral cell giant cell tumor, among others,
who was treated with 120-mg denosumab weekly for 3 weeks
64

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

and then with 120 mg injection monthly for 2–3 years after
suffering numerous vertebral fractures.149 Lastly, a 60-yearold man was reported to have suffered osteonecrosis of the
jaw after receiving denosumab for metastatic prostatic adenocarcinoma.147 After 15 months of denosumab discontinuation,
there were no symptoms of osteonecrosis. Additional data are
required to investigate the association between denosumab
use and osteonecrosis.

Interactions with other
diseases and therapies
There is no demonstrated adverse interaction of denosumab
with any therapy studied. Concern has been expressed that
immune dysfunction induced by biologic therapy for inflammatory arthritis (known to increase risk of infection) may
further increase infection risk. Although there are no data,
there is theoretical concern that interaction of denosumab
with the RANKL and RANK system in immune cells may
further increase infection risk. Preclinical150 and clinical
data98 support the contention that RANK or RANKL plays a
redundant and nonessential role in the adult immune system,
at least in most patients.
In a dose-escalation study, there were no overt safety
signals and there were no clinically significant changes
associated with denosumab administration on lymphocyte
counts overall (CD3), T cells (CD4, CD8, CD56), or B cells
(CD20).98 Further, no meaningful differences were observed
between the placebo and denosumab groups with respect to
infectious events.

Patient-focused perspectives
of therapy with denosumab
Patient satisfaction or acceptability
Patients studied in the denosumab trials with alendronate
comparison completed preference and satisfaction
questionnaires after participating in 1 of 2 12-month doubledummy studies,106,107 where they had received both a weekly
oral tablet and twice-yearly subcutaneous injections. 49
Significantly (P , 0.001), more patients preferred the
6-month injections (63%–65%) compared to the weekly oral
tablet (19%). Furthermore, 90% had no problem with the
subcutaneous injections, whereas 62% had no problem with
the tablets. Patients preferred, were more satisfied, and less
bothered with a 6-month subcutaneous injection regimen for
osteoporosis as compared to a once-weekly oral tablet.

Adherence
Adherence rates for osteoporosis medications are poor,
and 1-year nonadherence rates of more than 50% are
Orthopedic Research and Reviews 2010:2
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common. 151–153 Studies of osteoporosis therapies have
demonstrated that, in general, those therapies that are dosed
less frequently are better adhered to by patients.50
Since denosumab is administered only twice-yearly
by subcutaneous injection, adherence can be easily
ensured through supervision or administration by a health
professional. The subcutaneous administration also avoids
the potential AEs and strict dosing instructions associated
with some of the oral bisphosphonates.
With adherence rates approximating those recorded in
clinical trials, it is hoped that the effectiveness of denosumab
in the real-world clinical setting can match the efficacy of
the clinical trial setting with regards to safety and fracture
risk reduction.

Conclusions
Denosumab is an antiresorptive therapy that has a unique mechanism of action and broader applicability compared to other
antiresorptive drugs. Whereas bisphosphonates bind to bone
and act on mature osteoclasts, denosumab does not bind to
bone and acts on both immature and mature osteoclasts, inhibiting their recruitment, maturation, and activity. Denosumab’s
mechanism of action provides it with some unique benefits that
include rapid onset of action, longer action (up to 6 months),
and easy reversibility. Since denosumab does not bind to bone
and become incorporated into bone, its reversibility may be
particularly important. Safety concerns (osteonecrosis, atypical
fracture) and efficacy concerns (bone fragility and oversuppression) may be addressed by therapy with a nonbisphosphonate
medication with demonstrated rapid reversibility.
Denosumab has demonstrated antifracture efficacy at all
relevant skeletal sites in a single trial. These overall fracture
risk reductions have been matched only by those from zoledronic acid in higher fracture risk population (Figures 6, 7,
and 8). It must be noted, however, that direct comparison of
antifracture efficacy of different osteoporosis medications
has not been performed in a single head-to-head study; so,
conclusive statements regarding comparative efficacy is
not possible. Imaging suggests a greater cortical effect than
bisphosphonates and the potential for greater nonvertebral
antifracture efficacy over the long term. The greater magnitude of decrease in BTMs and increase in BMD may be
associated with a greater reduction in fracture risk.154
Denosumab’s twice-yearly dosing may increase adherence to osteoporosis medication. This will have a significant
beneficial impact on the reduction of the burden of illness
of osteoporosis.
No clinically significant safety concerns have been
associated with the use of denosumab therapy, but
Orthopedic Research and Reviews 2010:2
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hospitalized patients with cellulitis and erysipelas need to
be monitored with long-term surveillance.
The pricing of denosumab has not been established in
countries where its approval is still pending. Pricing in countries where denosumab has obtained regulatory approval is
competitive with existing brands of osteoporosis products.
Denosumab may provide an important addition to our
armamentarium of options available for the prevention and
treatment of osteoporosis and for the prevention of treatmentinduced bone loss during some prostate cancer and breast
cancer therapy.
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