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Context: Denosumab is an investigational fully human monoclonal antibody against receptor
activator of nuclear factor-�B ligand, a mediator of osteoclastogenesis and osteoclast survival.

Objective: This study evaluated the ability of denosumab to increase bone mineral density (BMD)
and decrease bone turnover markers (BTMs) in early and later postmenopausal women with low
BMD.

Design and Setting: This 2-yr randomized, double-blind, placebo-controlled study was conducted
in North America.

Participants: Subjects included 332 postmenopausal women with lumbar spine BMD T-scores be-
tween �1.0 and �2.5.

Interventions: Subjects were randomly assigned to receive denosumab sc, 60 mg every 6 months,
or placebo. Randomization was stratified by time since onset of menopause (�5 yr or � 5 yr).

Main Outcome Measures: The primary end point was the percent change in lumbar spine BMD by
dual-energy x-ray absorptiometry at 24 months. Additional end points were percent change in
volumetric BMD of the distal radius by quantitative computed tomography; percent change in BMD
by dual-energy x-ray absorptiometry for the total hip, one-third radius, and total body; hip struc-
tural analysis; percent change in BTMs; and safety.

Results: Denosumab significantly increased lumbar spine BMD, compared with placebo at 24
months (6.5 vs. �0.6%; P�0.0001) with similar results for both strata. Denosumab also produced
significant increases in BMD at the total hip, one-third radius, and total body (P � 0.0001 vs.
placebo); increased distal radius volumetric BMD (P � 0.01); improved hip structural analysis pa-
rameters; and significantly suppressed serum C-telopeptide, tartrate-resistant acid phosphatase-
5b, and intact N-terminal propeptide of type 1 procollagen. The overall incidence of adverse events
was similar between both study groups.

Conclusions: Twice-yearly denosumab increased BMD and decreased BTMs in early and later post-
menopausal women. (J Clin Endocrinol Metab 93: 2149–2157, 2008)

Osteoporosis is a skeletal disease characterized by low bone
mass and deterioration of microarchitecture, leading to

compromised bone strength and susceptibility to fracture (1, 2).
Bone turnover increases at menopause, with osteoclast-mediated

bone resorption exceeding osteoblast-mediated bone formation,
resulting in bone loss. Bone turnover is especially high in the
period just after menopause (3). Decreased levels of estrogen
result in increased numbers and activity of osteoclasts through a
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mechanism driven by receptor activator of nuclear-factor-�B li-
gand (RANKL) (4, 5).

RANKL is an essential mediator of osteoclast formation,
function, and survival (6–9). RANKL acts by binding to its cog-
nate receptor, receptor activator of nuclear-factor-�B (RANK),
on the surface of osteoclasts and their precursors (7, 10, 11). The
natural inhibitor of RANKL is osteoprotegerin, a soluble recep-
tor that binds to RANKL, preventing its interaction with RANK
(8, 12). Preclinical studies demonstrated that inhibition of
RANKL increases trabecular and cortical bone mass and
strength (12–16).

Inhibition of activation of RANK in humans may be achieved
therapeutically through denosumab, a fully human monoclonal
antibody that specifically targets RANKL to reduce bone resorp-
tion. In a phase 2 placebo-controlled, dose-finding study, deno-
sumab treatment for 1 yr significantly increased bone mineral
density (BMD) at all measured skeletal sites in postmenopausal
women with low bone mass (17). Data from this study suggested
that a regimen of denosumab, administered sc 60 mg every 6
months, was suitable for further evaluation of its ability to offset
postmenopausal bone loss.

Postmenopausal osteoporosis is defined by a BMD measure-
ment at a clinically important anatomical site that is at least 2.5
SD below the mean for young, adult Caucasian women (T-
score � �2.5) (18). However, more than half of osteoporotic
fractures occur in women with BMD T-scores above this thresh-
old (19, 20), suggesting the importance of evaluating new ther-
apies for the treatment of bone loss in this population. In this
article, we report the results of the principal phase 3 study con-
ducted to evaluate the effect of denosumab, 60 mg administered
sc once every 6 months, on BMD and biochemical markers of
bone turnover in early and later postmenopausal women with
low bone mass.

Subjects and Methods

Study population
Subjects were postmenopausal women with lumbar spine BMD T-

scores between �1.0 and �2.5 who were: 1) ambulatory, 2) not receiving
medication that affected bone metabolism (other than calcium and vi-
tamin D supplements), 3) free from any underlying condition (other than
low BMD) that might have resulted in abnormal bone metabolism, and
4) had no history of a fracture after the age of 25 yr. Women were
excluded if they had received oral bisphosphonates for 3 or more yr,
cumulatively; fluoride, or strontium ranelate within 5 yr of study en-
rollment; or PTH or PTH derivatives, steroids, hormone replacement
therapy, selective estrogen receptor modulators, tibolone, calcitonin, or
calcitriol within 6 wk of study enrollment. Women who had taken oral
bisphosphonates for less than 3 months were eligible. Those who had
taken oral bisphosphonates for longer than 3 months but less than 3 yr
cumulatively were eligible after a 12-month washout period.

Study design
This trial was a randomized, double-blind, placebo-controlled, phase

3 study conducted at 21 centers in the United States and Canada. An
extension phase is ongoing. Subjects were randomly assigned (1:1) to
receive either sc injections of denosumab, 60 mg every 6 months, or
placebo for 2 yr; randomization was stratified by time since onset of
menopause (�5 yr or � 5 yr). All subjects were instructed to take sup-
plements totaling at least 1000 mg calcium daily. Daily vitamin D sup-
plementation was determined according to baseline serum 25-hy-
droxyvitamin D [25-(OH)D] levels. The dosage of vitamin D was at least
400 IU daily if screening 25-[OH]D was more than 20 ng/ml or at least
800 IU daily if screening 25-[OH]D was 12–20 ng/ml. Women with
screening 25-(OH)D levels less than 12 ng/ml were excluded or could
undergo vitamin D repletion with ergocalciferol for 2 wk. If eligible
after vitamin D repletion, women received supplementation accord-
ing to the vitamin D levels described above. The study was conducted
in accordance with the Declaration of Helsinki and the International
Conference on Harmonisation Good Clinical Practice guidelines, and
an independent ethics committee or institutional review board for
each study site approved the study protocol. All subjects provided
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FIG. 1. Disposition of all subjects. In the denosumab group, 142 women completed the 24-month study; in the placebo group, 144 women completed the
24-month study. AE, Adverse events.
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written informed consent before participating in any study-related
procedures. An independent data monitoring committee reviewed all
safety and efficacy data at least twice per year.

Assessment of outcomes
Study visits occurred at baseline and months 1, 6, 12, 18, and 24.

Denosumab 60 mg (in 1.0 ml, 10 mM sodium acetate, and 5% sorbitol
in water for injection) or placebo was administered sc at baseline (d
1) and at months 6, 12, and 18. BMD measurements of the lumbar
spine, proximal femur (total hip), one-third radius, and total body
were performed by dual-energy x-ray absorptiometry (DXA) using
Hologic (Bedford, MA) or Lunar (GE Healthcare, Piscataway, NJ)
densitometers. The same DXA instrument was used for all measure-
ments on each subject. Lumbar spine and total hip BMD were mea-
sured at baseline and at months 1, 6, 12, and 24. BMD of the one-third
radius and total body were measured at baseline and at months 12 and
24.

Trabecular, cortical, and total volumetric BMD were assessed by
quantitative computed tomography (QCT) of the forearm at baseline
and at 1, 6, 12, and 24 months using standard whole-body spiral
computer tomography scanners. The left arm was used unless it was
not evaluable, and the same arm was scanned throughout the study.
QCT scans were analyzed at a central laboratory (Synarc, San Fran-
cisco, CA) using Geanie software (COMMIT, Espoo, Finland). De-
tailed analyzes of the QCT assessments will be presented separately.
Here we present the results of total volumetric BMD of the distal
forearm. Hip structural analysis (HSA) based on DXA of the total hip
was performed on Hologic scans using software developed by Beck et
al. (21).

Fasting specimens for standard safety chemistries were collected at
baseline and at every study visit. Hematology assessments occurred at
baseline and months 6, 12, 18, and 24. Fasting samples for determination
of serum levels of the bone turnover markers C-telopeptide I (CTX-I),
tartrate-resistant acid phosphatase (TRAP)-5b, and intact N-terminal
propeptide of type 1 procollagen (P1NP) were collected at baseline and
at months 1, 6, 10, 12, 14, 18, and 24. Serum concentrations of CTX-I
were assayed at Amgen using Serum CrossLaps ELISA (Nordic Bio-
science Diagnostics A/S, Herlev, Denmark); serum concentrations of
TRAP-5b and P1NP were assayed at Covance Laboratories using the
BoneTRAP Assay ELISA (Medac Diagnostika GmbH, Wedel, Germany)
and UniQ P1NP RIA (Orion Diagnostika GmbH, Wedel, Germany),

respectively. Levels of intact PTH (iPTH) in serum were measured at
baseline and month 24 by Quintiles Laboratories, Ltd. (N-tact PTH SP
ELISA; DiaSorin, Saluggia, Italy). Serum levels of denosumab were de-
termined at all study visits. Antidenosumab antibody assessments were
conducted at baseline and at months 1, 6, 12, 18, and 24 using screening
methods as described previously (17).

Clinical fractures were defined as new vertebral or nonvertebral frac-
tures for which a subject reported symptoms indicative of a fracture and
which were confirmed radiographically (excluding fractures of the skull,
facial bones, mandible, metacarpals, and phalanges of fingers or toes).
Fractures were also excluded if they were the result of severe trauma as
determined by prespecified criteria.

Safety was monitored by recording all adverse events and by evalu-
ating serum chemistry and hematology values. Site investigators classi-
fied adverse events as treatment related if they considered the event to be
possibly or probably related to the study treatment, without unblinding
of the treatment assignment.

End points
The primary efficacy end point was the percent change from baseline

in lumbar spine BMD as assessed by DXA at 24 months, compared with
placebo. Secondary end points included the percent change from baseline
in BMD at the total hip, femoral neck, one-third radius, and total body
at 24 months and the percent change from baseline in trabecular, cortical,
and total volumetric BMD as measured by QCT at the distal radius at 24
months. Additional end points were the percent change from baseline in
bone turnover markers (serum CTX-I, TRAP-5b, and P1NP) at 24
months; the proportion of subjects with BMD gains greater than 0% at
the spine and total hip; and parameters of HSA.

Statistical analysis
The primary and secondary efficacy analyses included all subjects

with a baseline measurement and at least one postbaseline measurement
at or before the month 24 time point [last observation carried forward
as the primary imputation method]. Safety analyses included all subjects
who received at least one dose of study medication (n � 329; 164 de-
nosumab, 165 placebo).

For each end point analyzed, the primary analysis consisted of an
inferential test for treatment differences between the denosumab and
placebo groups within the early (�5 yr) and later (�5 yr) postmeno-

TABLE 1. Subject demographics and baseline characteristics �mean (SD)�

Characteristic Placebo (n � 166) Denosumab (n � 166) All (n � 332)

Age (yr) 58.9 (7.5) 59.8 (7.4) 59.4 (7.5)
� 5 yr since menopause 53.8 (3.9) 55.2 (3.6) 54.5 (3.8)
� 5 yr since menopause 63.8 (6.9) 64.2 (7.5) 64.0 (7.2)

Years since menopause 9.4 (8.4) 10.5 (9.3) 10.0 (8.9)
� 5 yr since menopause 3.4 (2.2) 3.9 (3.2) 3.6 (2.8)
� 5 yr since menopause 15.2 (8.0) 16.9 (8.8) 16.0 (8.4)

Body mass index (kg/m2) 26.2 (4.8) 26.6 (4.8) 26.4 (4.8)
� 5 yr since menopause 25.9 (4.0) 26.7 (5.2) 26.3 (4.6)
� 5 yr since menopause 26.6 (5.5) 26.5 (4.5) 26.5 (5.0)

Lumbar spine BMD T-score �1.66 (0.44) �1.55 (0.41) �1.61 (0.42)
� 5 yr since menopause �1.62 (0.44) �1.52 (0.39) �1.57 (0.42)
� 5 yr since menopause �1.70 (0.43) �1.58 (0.42) �1.64 (0.43)

Serum CTX (ng/ml) 0.55 (0.25) 0.53 (0.24) 0.54 (0.25)
� 5 yr since menopause 0.58 (0.24) 0.58 (0.27) 0.58 (0.26)
� 5 yr since menopause 0.53 (0.26) 0.48 (0.21) 0.50 (0.24)

Serum P1NP (�g/liter) 59.3 (29.4) 56.9 (25.6) 58.1 (27.5)
� 5 yr since menopause 63.5 (30.3) 63.1 (27.2) 63.3 (28.7)
� 5 yr since menopause 55.2 (28.1) 51.1 (22.7) 53.2 (25.5)

Serum TRAP-5b (U/liter) 4.19 (1.28) 4.21 (1.38) 4.20 (1.33)
� 5 yr since menopause 4.25 (1.25) 4.39 (1.43) 4.32 (1.34)
� 5 yr since menopause 4.13 (1.32) 4.03 (1.31) 4.08 (1.31)
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pausal strata, respectively. The analysis of the percent change from base-
line in lumbar spine BMD for each postmenopausal stratum was per-
formed by using an analysis of covariance (ANCOVA) model with
treatment, baseline BMD value, instrument manufacturer, and the in-
teraction of baseline BMD and instrument manufacturer as fixed effects.
Multiplicity adjustments were applied to primary and secondary efficacy
end points to maintain the overall type I error at 0.025 or less within each
stratum. The primary results were based on the point estimate for the
least-squares mean and the two-sided 97.5% confidence interval for the
treatment difference within each postmenopausal stratum at the 24-
month time point. The analyses of QCT and BMD data of the additional
body sites were conducted in the same manner. To determine whether
there was a difference in treatment effect between strata (the interaction
of treatment and strata), an analysis was performed using an ANCOVA
model with treatment, baseline BMD value, instrument manufacturer,
the interaction of baseline BMD and instrument manufacturer, strata,
and the interaction of treatment and strata as fixed effects. If the inter-
action of treatment and stratum was not significant at the 0.05 level, the
treatment effects were presented for the overall results from the AN-
COVA models stated above, excluding the interaction of treatment and
strata.

Because percent changes in levels of bone turnover markers were
skewed, they are reported as medians. Differences in percent change in bone
turnovermarkersbetweentreatmentgroupsforsubjectsoverallandforeach
postmenopausal stratumwereanalyzedusing thevanElteren stratified rank
test (adjusting for time-since-menopause strata) and Wilcoxon rank-sum
test, respectively.Comparisonsbetweenthedenosumabandplacebogroups

with regard to safety are considered descriptive and unadjusted for multiple
comparisons; P values are based on Fisher’s exact tests.

Results

A total of 332 subjects (166 denosumab, 166 placebo) were
enrolled in the study. Time since onset of menopause was 5 yr or
less in 162 subjects and more than 5 yr in 170 subjects. Eighty-six
percent of subjects completed 24 months of treatment. With-
drawal of consent was the most common reason for early dis-
continuation (6% denosumab, 9% placebo; Fig. 1). The reasons
for which subjects withdrew consent were typical for clinical
trials and did not display an imbalance between study groups.
The most common reasons involved relocation or inconvenience
associated with study visits; other reasons ranged from intoler-
ance to the calcium supplement to advice from an herbalist.

Demographics and baseline characteristics of the study sub-
jects are shown in Table 1 and were generally balanced between
treatment groups and time-since-menopause strata. Most
women (83%) were white. As expected, subjects in the later
postmenopausal stratum were older than subjects in the early
postmenopausal stratum.
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BMD
The lumbar spine BMD increase for the denosumab group

overall was 6.5% at month 24, compared with �0.6% for pla-
cebo. BMD increases with denosumab were rapid, with signifi-
cant increases, compared with placebo, observed as early as
month 1 and at all measurement intervals thereafter (Fig. 2A).
The effect of denosumab treatment was similar between the early
and later postmenopausal strata (Table 2).

At month 24, denosumab also significantly (P � 0.0001) in-
creased BMD of the total hip, femoral neck, trochanter, one-third
radius, and total body regions, compared with placebo for both
strata and the strata combined (Table 2). The BMD increases at
month 24 for the denosumab group overall were 3.4% at the total
hip, 1.4% at the one-third radius, and 2.4% for the total body,
comparedwithchangesof�1.1,�2.1,and�1.4%,respectively, in
the placebo group overall (Fig. 2, B–D).

QCT analysis of the distal forearm showed that denosumab
significantly (P�0.01) increasedtotalvolumetricBMDatthedistal

forearm for both strata and the strata combined, compared with
placebo at 24 months (Table 2).

TheproportionofwomenwhogainedBMDat the lumbar spine
(BMD change from baseline � 0%) was 96% in the overall deno-
sumab group and 39% in the overall placebo group (P � 0.0001)
at 24 months. Similarly, at the total hip, 96% of denosumab sub-
jects experienced a greater than 0% increase in BMD, compared
with 31% of subjects in the placebo group, and at the one-third
radius, 71 and 22% of denosumab and placebo subjects, respec-
tively, experienced at least a nominal BMD gain. Time since meno-
pause did not influence the BMD response to denosumab.

Hip structural analysis
Cross-sections of the hip at the narrow neck, intertrochan-

teric, and shaft regions were assessed by HSA using DXA-derived
BMD data. Denosumab treatment significantly increased BMD,
cross-sectional area, cross-sectional moment of inertia, section
modulus, and average cortical thickness relative to placebo at all
three cross-sections (Table 3) but had no significant effect on
outer diameter. Results were similar for each stratum, except
that no significant differences were noted between treatment
groups in the early postmenopausal stratum for cross-sectional
moment of inertia and section modulus at the shaft.

Bone turnover markers
Markersofboneresorptionwererapidlyreducedbydenosumab

treatment. Levels of CTX-I reached a nadir at month 1, with a
median reduction of 89% from baseline for the denosumab group
overall, compared with a 3% decrease in the placebo group overall
(P�0.0001) (Fig.3A).ContinuedsuppressionofCTX-Iwasmain-
tained thereafter on denosumab treatment with reductions from
baseline of 63–88% observed at the remaining study visits. Reduc-
tions in serum TRAP-5b showed a similar pattern, with significant
reductions from baseline of 40–50% observed throughout the
study, beginning at month 1, compared with reductions of 0–14%
in the placebo group (Fig. 3B). Denosumab treatment also reduced
levels of the bone formation marker P1NP, which declined more
gradually than CTX-I or TRAP-5b levels. Significant reductions
from baseline in P1NP of 32% were observed with denosumab at
month 1, and levels continued to decrease with reductions of 65–
76% maintained from month 6 through month 24 (Fig. 3C). P1NP
was reduced in the placebo group by median changes of 4–15%
during the study. Results for the different time-since-menopause
strata were similar.

Fractures
Clinical fractures occurred in seven subjects (4%) in the pla-

cebo group and two subjects (1%) in the denosumab group. All
the clinical fractures were nonvertebral fractures. One new ra-
diographic vertebral fracture was reported during the study and
occurred in the placebo group (1%).

Safety
The overall incidence of adverse events over 24 months was

similar between the denosumab and placebo groups. The most
common adverse events in both treatment groups were arthral-
gia, nasopharyngitis, and back pain (Table 4). Sore throat was
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reported more frequently in the denosumab treatment arm than
the placebo arm. However, there was no difference in the re-
ported incidence of streptococcal infection (one denosumab, one
placebo). The incidence of rashes of all types was greater in the
denosumab group than the placebo group. However, the pat-
terns observed were generally not suggestive of drug reactions;
there was no consistent pattern in the location or onset of rash in
either group, and most of the rashes reported were localized.

Serious adverse events were reported for 18 subjects in the de-
nosumab group (11%) and nine subjects in the placebo group

(5.5%) (P � 0.074; Table 4). The higher incidence of serious ad-
verse events in the denosumab group was primarily due to a greater
numberof subjectswhohad infections treatedashospital inpatients
(eight denosumab, one placebo). The overall incidence of infections
reported as adverse events was balanced between the two groups
(60% denosumab, 61% placebo). The types of infections reported
in the hospitalized subjects were common infections for this subject
population: pneumonia, diverticulitis, appendicitis, sepsis, pyelo-
nephritis, urinary tract infection, and cellulitis in denosumab sub-
jects and lobar pneumonia in the placebo subject. No opportunistic

TABLE 2. Percent change in BMD (by DXA) of the lumbar spine, total hip, femoral neck, trochanter, one-third radius, and total
body and percent change in volumetric BMD of the distal radius by QCT

Difference from baselinea Difference from placeboa

Site Stratum Treatment group n LS mean (CI)b LS mean (CI)b P valuec

Lumbar spine � 5 yr since menopause Placebo 80 �1.2 (�2.3, �0.2)
Denosumab 79 6.2 (5.1, 7.3) 7.4 (6.1, 8.7) � 0.0001

� 5 yr since menopause Placebo 83 0.1 (�1.0, 1.2)
Denosumab 84 6.8 (5.6, 7.9) 6.7 (5.4, 8.0) � 0.0001

Overall Placebo 163 �0.6 (�1.2, 0.1)
Denosumab 163 6.5 (5.8, 7.2) 7.0 (6.2, 7.8) � 0.0001

Total hip � 5 yr since menopause Placebo 80 �1.0 (�1.6, �0.5)
Denosumab 79 3.5 (3.0, 4.1) 4.6 (3.8, 5.3) � 0.0001

� 5 yr since menopause Placebo 83 �1.2 (�1.8, �0.7)
Denosumab 84 3.2 (2.7, 3.8) 4.5 (3.7, 5.3) � 0.0001

Overall Placebo 163 �1.1 (�1.5, �0.8)
Denosumab 163 3.4 (3.0, 3.7) 4.5 (4.0, 5.0) � 0.0001

Femoral neck � 5 yr since menopause Placebo 80 �0.9 (�1.7, �0.0)
Denosumab 79 2.6 (1.8, 3.5) 3.5 (2.3, 4.7) � 0.0001

� 5 yr since menopause Placebo 83 �0.8 (�1.8, 0.1)
Denosumab 84 3.0 (2.0, 4.0) 3.9 (2.7, 5.1) � 0.0001

Overall Placebo 163 �0.9 (�1.4, �0.3)
Denosumab 163 2.8 (2.3, 3.3) 3.7 (2.9, 4.4) � 0.0001

Trochanter � 5 yr since menopause Placebo 80 �0.9 (�1.6, �0.1)
Denosumab 79 5.3 (4.5, 6.1) 6.2 (5.0, 7.3) � 0.0001

� 5 yr since menopause Placebo 83 �0.8 (�1.5, �0.0)
Denosumab 84 5.0 (4.3, 5.8) 5.8 (4.7, 6.8) � 0.0001

Overall Placebo 163 �0.8 (�1.3, �0.3)
Denosumab 163 5.2 (4.7, 5.6) 6.0 (5.3, 6.6) � 0.0001

One-third radius � 5 yr since menopause Placebo 77 �2.3 (�3.1, �1.4)
Denosumab 75 1.4 (0.6, 2.2) 3.7 (2.5, 4.8) � 0.0001

� 5 yr since menopause Placebo 79 �2.0 (�2.9, �1.1)
Denosumab 81 1.5 (0.6, 2.3) 3.5 (2.3, 4.7) � 0.0001

Overall Placebo 156 �2.1 (�2.6, �1.6)
Denosumab 156 1.4 (0.9, 1.9) 3.5 (2.8, 4.3) � 0.0001

Total body (without head) � 5 yr since menopause Placebo 77 �1.4 (�2.4, �0.4)
Denosumab 75 2.8 (1.7, 3.8) 4.2 (2.8, 5.5) � 0.0001

� 5 yr since menopause Placebo 77 �1.2 (�1.9, �0.5)
Denosumab 81 2.3 (1.6, 3.0) 3.5 (2.5, 4.4) � 0.0001

Overall Placebo 154 �1.4 (�1.9, �0.8)
Denosumab 156 2.4 (1.9, 2.9) 3.8 (3.1, 4.5) � 0.0001

Volumetric BMD by QCT
One-third radius � 5 yr since menopause Placebo 77 �1.4 (�2.7, �0.1)

Denosumab 77 1.0 (�0.3, 2.3) 2.4 (0.5, 4.2) 0.009
� 5 yr since menopause Placebo 76 �2.3 (�3.6, �1.0)

Denosumab 79 0.6 (�0.6, 1.9) 2.9 (1.2, 4.7) 0.0005
Overall Placebo 153 �1.9 (�2.6, �1.1)

Denosumab 156 0.8 (0.0, 1.6) 2.6 (1.5, 3.8) � 0.0001

a Based on ANCOVA models that adjust for treatment, baseline value, instrument type, and baseline value-by-instrument type interaction; the models (for overall
assessment) also adjust for strata.
b The 97.5% CI for each stratum and 95% CI for the overall assessment.
c P values are adjusted for multiple comparisons using both hierarchical testing and Hochberg’s procedures.

CI, Confidence interval.
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infections were reported. Hospitalizations were characterized by
uncomplicatedcoursesof1–6dandsuccessful treatmentwith stan-
dard antibiotics. None of these infections were considered by the
site investigators to be possibly or probably related to the study
drug. Neoplasms were reported in four subjects in the denosumab
group (breast cancer in situ,mycosis fungoides, ovariancancer, and
uterine cancer) and one subject in the placebo group (B cell lym-
phoma) (P � 0.215). There was no specific pattern in the onset of
theneoplasmswithregard to timingofdoseof studydrug,andnone

were considered by the site investigators to be related to the study
drug. Withdrawals due to adverse events were balanced between
treatment groups, and no deaths occurred during the study.

As expected, a transient decrease from baseline in mean albu-
min-adjusted serum calcium levels occurred in the denosumab
group at month 1, with levels returning toward baseline and re-
maining stable thereafter. No subjects experienced symptomatic or
clinical adverse events of hypocalcemia; serum calcium transiently
fell less than 8.0 mg/dl in 2 subjects. Serum phosphorus levels fol-

TABLE 4. Summary of adverse events

Placebo (n � 165)
n (%)

Denosumab (n � 164)
n (%) P valuea

Any adverse event 157 (95.2) 156 (95.1) 1.000
Serious adverse events 9 (5.5) 18 (11.0) 0.074

Infection 1 (0.6) 8 (4.9) 0.020
Neoplasm 1 (0.6) 4 (2.4) 0.215
Musculoskeletal or connective tissue disorder 2 (1.2) 3 (1.8) 0.685
Gastrointestinal disorder 0 (0.0) 2 (1.2) 0.248
Injury, poisoning, or procedural complication 1 (0.6) 2 (1.2) 0.623
Reproductive system or breast disorder 1 (0.6) 1 (0.6) 1.000
Hepatobiliary disorder 1 (0.6) 0 (0.0) 1.000
Nervous system disorder 1 (0.6) 0 (0.0) 1.000
Psychiatric disorder 1 (0.6) 0 (0.0) 1.000

Treatment-related adverse events 20 (12.1) 24 (14.6) 0.522
Serious treatment-related adverse events 0 (0.0) 0 (0.0)
Withdrawals due to adverse events 2 (1.2) 1 (0.6) 1.000
Deaths 0 (0.0) 0 (0.0)
Adverse events occurring in greater than 10% of

subjects in either treatment group or with significant
differences between groups

Arthralgia 42 (25.5) 41 (25.0) 1.000
Nasopharyngitis 31 (18.8) 36 (22.0) 0.496
Back pain 33 (20.0) 33 (20.1) 1.000
Headache 19 (11.5) 26 (15.9) 0.266
Pain in extremity 20 (12.1) 24 (14.6) 0.522
Upper respiratory tract infection 22 (13.3) 19 (11.6) 0.739
Constipation 8 (4.8) 18 (11.0) 0.043
Urinary tract infection 17 (10.3) 18 (11.0) 0.860
Shoulder pain 10 (6.1) 17 (10.4) 0.166
Influenza 18 (10.9) 15 (9.1) 0.714
Sinusitis 17 (10.3) 10 (6.1) 0.228
Pharyngolaryngeal pain (sore throat) 5 (3.0) 15 (9.1) 0.022
Rash 5 (3.0) 14 (8.5) 0.035

a Based on Fisher’s exact test.

TABLE 3. Summary of hip structural analysis parameters (denosumab difference from placebo in percent change from baseline
for combined strata)

Narrow neck Intertrochanter Shaft

Parameter Mean (95% CI)a P value Mean (95% CI)a P value Mean (95% CI)a P value

BMD 4.9 (3.7, 6.0) � 0.0001 4.5 (3.6, 5.4) � 0.0001 2.4 (1.5, 3.4) � 0.0001
Cross-sectional area 4.9 (3.8, 6.1) � 0.0001 4.3 (3.3, 5.3) � 0.0001 2.4 (1.5, 3.3) � 0.0001
Cross-sectional moment of inertia 4.0 (2.3, 5.7) � 0.0001 3.9 (2.5, 5.3) � 0.0001 1.6 (0.5, 2.8) 0.007
Outer diameter 0.1 (�0.5, 0.7) 0.765 �0.2 (�0.7, 0.4) 0.507 0.0 (�0.4, 0.3) 0.783
Section modulus 4.4 (2.8, 6.0) � 0.0001 4.8 (3.6, 6.1) � 0.0001 1.7 (0.5, 2.8) 0.004
Endosteal diameter �0.5 (�1.3, 0.3) 0.227 �1.4 (�3.8, 1.0) 0.256 �1.7 (�2.7, �0.7) 0.001
Average cortical thickness 5.2 (3.9, 6.4) � 0.0001 4.6 (3.5, 5.8) � 0.0001 3.1 (1.8, 4.3) � 0.0001
Average buckling ratio �5.4 (�6.9, �3.8) � 0.0001 �5.2 (�6.5, �4.0) � 0.0001 �3.1 (�4.5, �1.6) � 0.0001

CI, Confidence interval.
a Least-squares mean difference from placebo. Based on an ANCOVA model (for overall assessment) that adjusts for strata, treatment, and baseline value. Denosumab
group, n � 146; placebo group, n � 143.
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lowed the same pattern as serum calcium concentrations with an
early decrease from baseline in the denosumab group observed at
month 1. Serum iPTH levels measured at baseline and month 24
were similar between treatment groups. No other clinically mean-
ingful differences in blood chemistry measurements and no trends
in hematology assessments were observed between treatment
groups or over time.

Two subjects (1%) in the denosumab group and three subjects
(2%) in the placebo group tested positive for denosumab-binding
antibodies; all were negative for neutralizing activity against deno-
sumab. There was no evidence of an effect of these antibodies on
safety, pharmacokinetics, or efficacy of denosumab in those sub-
jects receiving denosumab.

Discussion

This phase 3 study evaluated the efficacy of denosumab for in-
creasing BMD and decreasing bone turnover in early and later
postmenopausal women with low bone mass. Denosumab, 60
mg administered sc every 6 months, significantly increased BMD
at all measured skeletal sites and significantly reduced markers of
bone turnover, compared with placebo, with reductions sus-
tained throughout the 24-month treatment period in early and
later postmenopausal women. These results confirm the findings
of the phase 2 dose-ranging study with denosumab in postmeno-
pausal women (17, 22) and support the ongoing investigation of
the denosumab 60 mg, 6-month dosing regimen in phase 3 trials.

The period just after menopause is associated with rapid bone
turnover and accelerated bone loss (3). Denosumab treatment pro-
ducedsignificantgains inBMDandrapid suppressionofbone turn-
over markers in women within 5 yr of menopause in this study as
well as those who were more than 5 yr since menopause.

The effect of denosumab on one-third radius BMD suggests
denosumab has a positive and distinctive effect on predominantly
cortical bone sites. BMD of the one-third radius typically declines
over time inclinical trialswithbisphosphonates,althoughtoa lesser
degree than seen with placebo (17, 23). The indication of a cortical
effect is reinforcedby theBMDincreasesobservedwithdenosumab
atthetotalbodyandhipregionsandbytheresultsofHSA.TheHSA
data, especially for the femoral shaft region, are consistent with a
favorable effect of denosumab on calculated bone structural indi-
ces. Thus, it appears that modulation of bone remodeling by mono-
clonal antibody binding of RANKL results in a pattern of effects on
cortical bone that may be beneficial. Whether this observation will
translate to a greater reduction in fracture risk remains to be deter-
mined and is under study in postmenopausal women with
osteoporosis.

A transientdecrease inmeanserumcalciumlevelsoccurredafter
the first dose of denosumab, as has been observed previously (17).
Although serum iPTH levels were not measured at the correspond-
ing time point in this study, a previous study showed the expected
transitory increase in iPTH (17). The accompanying decrease in
serum phosphorus levels is consistent with such a compensatory
increase in iPTH.

Overall rates of infection were similar between the denosumab
and placebo groups, with an increased incidence of hospitalized

infections observed in denosumab-treated subjects. The reasons for
this finding are unclear. The subjects who developed these common
infections did not have unusual clinical courses, and they improved
with standard antibiotic treatment. A similar finding of balanced
overall infectionratesandanincreased incidenceofhospitalizations
associated with infections was observed in another study with de-
nosumab (22). However, in two similarly sized studies with deno-
sumab in patient populations at high risk for infections (women
with breast cancer and rheumatoid arthritis patients), the incidence
of hospitalizations due to infections and the incidence of overall
infections were balanced between the denosumab and placebo
groups(24,25).Theoverall incidenceofrashesofvariouskindswas
also greater in the denosumab group than the placebo group, al-
though the pattern and location of the rashes were not suggestive of
a drug reaction. In this study, no differences between the deno-
sumab and placebo groups were noted with regard to mean total
whitebloodcell ordifferential cell counts.Asimilar lackof effecton
immune cell counts was observed in other studies with denosumab
in postmenopausal women (17, 26). In animal models, RANKL
inhibition did not affect measures of cell-mediated immunity nor
did it alter innate immunity or response to influenza challenge (27,
28). Infection-related adverse events are being closely monitored in
ongoing clinical trials with denosumab.

Thewomen inour studyhad lowbonemassbutdidnotmeet the
diagnostic criteria for osteoporosis. The best treatment strategy for
such individuals continues to be debated. Organizations such as the
National Osteoporosis Foundation and the American Association
of Clinical Endocrinologists recommend consideration of pharma-
cological treatment for certain women with low BMD (29, 30). The
newWorldHealthOrganizationFRAXtoolcanbeusedtoestimate
fracture risk based on BMD and other factors (31). This may lead
to treatment of more patients with BMD in this range when addi-
tional risk factorsarepresent.Althoughtheir fracture incidencerate
is lower than that of osteoporotic women, the majority of fractures
occur in this group because they make up a much larger proportion
of the population (32). Whereas younger women with low bone
mass may have lower near-term fracture risk than older women
with similar BMD, the younger women’s total lifetime risk may be
greater, in view of their longer life expectancy. Factors that should
be taken into account in the consideration of preventive therapy for
osteoporosis include efficacy, safety, convenience, and simplicity of
administration. Denosumab, as a twice-yearly sc injection, is being
investigated for its potential to meet these criteria.

In conclusion, twice-yearly treatment with sc 60 mg denosumab
in this phase 3 study increased BMD and provided sustained re-
ductions of bone turnover in both early and later postmenopausal
women with low bone mass, with an overall incidence of adverse
events that was similar to placebo.

Acknowledgments

Holly Brenza Zoog provided medical writing assistance. In addition to
the authors, the following investigators participated in the 20040132
study: Eric Lee, Eugene Boling, Robert Downs, Robert G. Feldman,
Christopher Gallagher, Mark Kipnes, Munro Peacock, Jon Ruckle,
Richard Wasnich, Jeffery Seiler, Samuel Lederman, Michael Lewiecki,

2156 Bone et al. Denosumab and Low Bone Mass in Postmenopausal Women J Clin Endocrinol Metab, June 2008, 93(6):2149–2157

 at Edocrine Society Library on January 9, 2009 jcem.endojournals.orgDownloaded from 

http://jcem.endojournals.org


Molly Omizo, Alfred Moffett Jr., James Simon, Grattan Woodson, Alan
Kivitz, Jacques Brown, William Bensen, and David Hanley.

Address all correspondence and requests for reprints to: Henry G
Bone, M.D., Michigan Bone and Mineral Clinic, 22201 Moross Road,
Suite 260, Detroit, Michigan 48236. E-mail: hgbone.md@att.net.

This work was supported by Amgen Inc.
Disclosure Statement: H.G.B. is an investigator, consultant, and/or

speaker for Amgen Inc., Osteologix, Nordic Bioscience, Merck, Zelos,
Pfizer, Eli Lilly, GSK/Roche, NPS Pharmaceuticals, and Novartis.
M.A.B. is a consultant and/or speaker for Amgen Inc., Roche, GSK, and
Eli Lilly. C.K.Y. is an investigator for Amgen Inc. and an advisory board
member for Amgen Canada, Novartis, Servier, and Wyeth. D.L.K. is an
adviser and speaker and/or has received research grants from Merck, Eli
Lilly, Novartis, Takeda, Wyeth, Amgen Inc., Zelos, Pfizer, and Servier.
H.W., Y.L., and J.S.M. are employed by Amgen Inc.

References

1. Anonymous 1997 Who are candidates for prevention and treatment for os-
teoporosis? Osteoporosis Int 7:1–6

2. NIH Consensus Development Panel on Osteoporosis Prevention Data 2001
Osteoporosis prevention, diagnosis, and therapy. JAMA 285:785–795

3. Riggs BL, Khosla S, Melton 3rd LJ 2002 Sex steroids and the construction and
conservation of the adult skeleton. Endocr Rev 23:279–302

4. Hofbauer LC, Kuhne CA, Viereck V 2004 The OPG/RANKL/RANK system
in metabolic bone diseases. J Musculoskelet Neuronal Interact 4:268–275

5. Srivastava S, Toraldo G, Weitzmann MN, Cenci S, Ross FP, Pacifici R 2001
Estrogen decreases osteoclast formation by down-regulating receptor activator
of NF-�B ligand (RANKL)-induced JNK activation. J Biol Chem 276:8836–
8840

6. Lacey DL, Tan HL, Lu J, Kaufman S, Van G, Qiu W, Rattan A, Scully S,
Fletcher F, Juan T, Kelley M, Burgess TL, Boyle WJ, Polverino AJ 2000 Os-
teoprotegerin ligand modulates murine osteoclast survival in vitro and in vivo.
Am J Pathol 157:435–448

7. Yasuda H, Shima N, Nakagawa N, Yamaguchi K, Kinosaki M, Mochizuki
S, Tomoyasu A, Yano K, Goto M, Murakami A, Tsuda E, Morinaga T,
Higashio K, Udagawa N, Takahashi N, Suda T 1998 Osteoclast differen-
tiation factor is a ligand for osteoprotegerin/osteoclastogenesis-inhibitory
factor and is identical to TRANCE/RANKL. Proc Natl Acad Sci USA 95:
3597–3602

8. Lacey DL, Timms E, Tan HL, Kelley MJ, Dunstan CR, Burgess T, Elliott R,
Colombero A, Elliott G, Scully S, Hsu H, Sullivan J, Hawkins N, Davy E,
Capparelli C, Eli A, Qian YX, Kaufman S, Sarosi I, Shalhoub V, Senaldi G, Guo
J, Delaney J, Boyle WJ 1998 Osteoprotegerin ligand is a cytokine that regulates
osteoclast differentiation and activation. Cell 93:165–176

9. Fuller K, Wong B, Fox S, Choi Y, Chambers TJ 1998 TRANCE is necessary
and sufficient for osteoblast-mediated activation of bone resorption in oste-
oclasts. J Exp Med 188:997–1001

10. Li J, Sarosi I, Yan XQ, Morony S, Capparelli C, Tan HL, McCabe S, Elliott R,
Scully S, Van G, Kaufman S, Juan SC, Sun Y, Tarpley J, Martin L, Christensen
K, McCabe J, Kostenuik P, Hsu H, Fletcher F, Dunstan CR, Lacey DL, Boyle
WJ 2000 RANK is the intrinsic hematopoietic cell surface receptor that con-
trols osteoclastogenesis and regulation of bone mass and calcium metabolism.
Proceedings of the Proc Natl Acad Sci USA 97:1566–1571

11. Nakagawa N, Kinosaki M, Yamaguchi K, Shima N, Yasuda H, Yano K, Mori-
naga T, Higashio K 1998 RANK is the essential signaling receptor for oste-
oclast differentiation factor in osteoclastogenesis. Biochem Biophys Res Com-
mun 253:395–400

12. Simonet WS, Lacey DL, Dunstan CR, Kelley M, Chang MS, Luthy R, Nguyen
HQ, Wooden S, Bennett L, Boone T, Shimamoto G, DeRose M, Elliott R,
Colombero A, Tan HL, Trail G, Sullivan J, Davy E, Bucay N, Renshaw-Gegg
L, Hughes TM, Hill D, Pattison W, Campbell P, Sander S, Van G, Tarpley J,
Derby P, Lee R, Boyle WJ 1997 Osteoprotegerin: a novel secreted protein
involved in the regulation of bone density. Cell 89:309–319

13. Ominsky MS Kostenuik PJ, Cranmer P, Smith SY, Atkinson JE 2007 The
RANKL inhibitor OPG-Fc increases cortical and trabecular bone mass in
young gonad-intact cynomolgus monkeys. Osteoporosis Int 18:1073–1082

14. Capparelli C, Morony S, Warmington K, Adamu S, Lacey D, Dunstan CR,
Stouch B, Martin S, Kostenuik PJ 2003 Sustained antiresorptive effects after

a single treatment with human recombinant osteoprotegerin (OPG): a phar-
macodynamic and pharmacokinetic analysis in rats. J Bone Miner Res 18:
852–858

15. Campagnuolo G, Bolon B, Feige U 2002 Kinetics of bone protection by re-
combinant osteoprotegerin therapy in Lewis rats with adjuvant arthritis. Ar-
thritis Rheum 46:1926–1936

16. Ross AB, Bateman TA, Kostenuik PJ, Ferguson VL, Lacey DL, Dunstan CR,
Simske SJ 2001 The effects of osteoprotegerin on the mechanical properties of
rat bone. J Mater Sci Mater Med 12:583–588

17. McClung MR, Lewiecki EM, Cohen SB, Bolognese MA, Woodson GC, Mof-
fett AH, Peacock M, Miller PD, Lederman SN, Chesnut CH, Lain D, Kivitz AJ,
Holloway DL, Zhang C, Peterson MC, Bekker PJ 2006 Denosumab in post-
menopausal women with low bone mineral density. N Engl J Med 354:821–
831

18. WHO Study Group 1994 Assessment of fracture risk and its application to
screening for postmenopausal osteoporosis. In: WHO Technical Report Series.
Geneva: World Health Organ Tech Rep Ser 843:1–129

19. Siris ES, Miller PD, Barrett-Connor E, Faulkner KG, Wehren LE, Abbott TA,
Berger ML, Santora AC, Sherwood LM 2001 Identification and fracture out-
comes of undiagnosed low bone mineral density in postmenopausal women:
results from the National Osteoporosis Risk Assessment. JAMA 286:2815–
2822

20. Wainwright SA, Marshall LM, Ensrud KE, Cauley JA, Black DM, Hillier TA,
Hochberg MC, Vogt MT, Orwoll ES, Study of Osteoporotic Fractures Re-
search Group 2005 Hip fracture in women without osteoporosis. J Clin En-
docrinol Metab 90:2787–2793

21. Beck TJ, Ruff CB, Warden KE, Scott Jr WW, Rao GU 1990 Predicting femoral
neck strength from bone mineral data. A structural approach. Invest Radiol
25:6–18

22. Lewiecki EM, Miller PD, McClung MR, Cohen SB, Bolognese MA, Liu Y,
Wang A, Siddhanti S, Fitzpatrick LA 2007 Two-year treatment with deno-
sumab (AMG 162) in a randomized phase 2 study of postmenopausal women
with low bone mineral density. J Bone Miner Res 22:1832–1841

23. Hosking D, Chilvers CE, Christiansen C, Ravn P, Wasnich R, Ross P, McClung
M, Balske A, Thompson D, Daley M, Yates AJ 1998 Prevention of bone loss
with alendronate in postmenopausal women under 60 years of age. Early
Postmenopausal Intervention Cohort Study Group. N Engl J Med 338:485–
492

24. Cohen SB, Dore RK, Lane NE, Ory PA, Pederfy CG, Sharp JT, van der Heijde
D, Zhou L, Tsuji W, Newmark R on behalf of the Denosumab RA Study Group
2008 Denosumab treatment effects on structural damage, BMD, and bone
turnover in rheumatoid arthritis: a randomized, placebo-controlled clinical
trial. Arthritis Rheum 58:1299–1309

25. Lipton A, Steger GG, Figueroa J, Alvarado C, Solal-Celigny P, Body JJ, de Boer
R, Berardi R, Gascon P, Tonkin KS, Coleman R, Paterson AHG, Peterson MC,
Fan M, Kinsey A, Jun S 2007 Active-controlled phase 2 study of denosumab
efficacy and safety in patients with breast cancer-related bone metastases.
J Clin Oncol 25:4431–4437

26. Bekker PJ, Holloway DL, Rasmussen AS, Murphy R, Martin SW, Leese PT,
Holmes GB, Dunstan CR, DePaoli AM 2004 A single-dose placebo-controlled
study of AMG 162, a fully human monoclonal antibody to RANKL, in post-
menopausal women. J Bone Miner Res 19:1059–1066

27. Miller RE, Branstetter D, Armstrong A, Kennedy B, Jones J, Cowan L, Bussiere
J, Dougall WC 2007 Receptor activator of NF-�B ligand inhibition suppresses
bone resorption and hypercalcemia but does not affect host immune responses
to influenza infection. J Immunol 179:266–274

28. Stolina M, Guo J, Faggioni R, Brown H, Senaldi G 2003 Regulatory effects of
osteoprotegerin on cellular and humoral immune responses. Clin Immunol
109:347–354

29. National Osteoporosis Foundation 2003 Physician’s guide to prevention and
treatment of osteoporosis. Washington, DC: National Osteoporosis Founda-
tion

30. Hodgson SF, Watts NB, Bilezikian JP, Clarke BL, Gray TK, Harris DW,
Johnston Jr CC, Kleerekoper M, Lindsay R, Luckey MM, McClung MR,
Nankin HR, Petak SM, Recker RR, Anderson RJ, Bergman DA, Bloomgarden
ZT, Dickey RA, Palumbo PJ, Peters AL, Rettinger HI, Rodbard HW, Ruben-
stein HA, Force AOT 2003 American Association of Clinical Endocrinologists
medical guidelines for clinical practice for the prevention and treatment of
postmenopausal osteoporosis: 2001 edition, with selected updates for 2003.
Endocr Pract 9:544–564

31. The World Health Organization Fracture Risk Assessment Tool. www.shef.
au.uk/FRAX

32. Simon JA 2005 Does osteopenia warrant treatment? Menopause 12:639–648

J Clin Endocrinol Metab, June 2008, 93(6):2149–2157 jcem.endojournals.org 2157

 at Edocrine Society Library on January 9, 2009 jcem.endojournals.orgDownloaded from 

http://jcem.endojournals.org

