
T h e  n e w  e n g l a n d  j o u r n a l  o f  m e d i c i n e

n engl j med 354;8 www.nejm.org february 23, 2006 821

original article

Denosumab in Postmenopausal Women 
with Low Bone Mineral Density

Michael R. McClung, M.D., E. Michael Lewiecki, M.D., Stanley B. Cohen, M.D., 
Michael A. Bolognese, M.D., Grattan C. Woodson, M.D., Alfred H. Moffett, M.D., 

Munro Peacock, M.D., Paul D. Miller, M.D., Samuel N. Lederman, M.D., 
Charles H. Chesnut, M.D., Douglas Lain, M.D., Alan J. Kivitz, M.D., 

Donna L. Holloway, Ph.D., Charlie Zhang, Ph.D., Mark C. Peterson, Ph.D., 
and Pirow J. Bekker, M.D., Ph.D., for the AMG 162 Bone Loss Study Group*

From Providence Portland Medical Cen-
ter, Portland, Oreg. (M.R.M.); New Mex-
ico Clinical Research and Osteoporosis 
Center, Albuquerque (E.M.L.); Radiant Re-
search, Dallas (S.B.C.); Bethesda Health 
Research Center, Bethesda, Md. (M.A.B.); 
Atlanta Research Center, Decatur, Ga. 
(G.C.W.); OB-GYN Associates of Mid Flor-
ida, Leesburg, Fla. (A.H.M.); Indiana Uni-
versity School of Medicine, Indianapolis 
(M.P.); Colorado Center for Bone Research, 
Lakewood (P.D.M.); Radiant Research, 
Lake Worth, Fla. (S.N.L.); University of 
Washington Medical Center, Seattle 
(C.H.C.); Arthritis Associates and Osteo-
porosis Center of Colorado Springs, Col-
orado Springs, Colo. (D.L.); Altoona Cen-
ter for Clinical Research, Duncansville, Pa. 
(A.J.K.); and Amgen, Thousand Oaks, Ca-
lif. (D.L.H., C.Z., M.C.P., P.J.B.). Address 
reprint requests to Dr. McClung at the 
Oregon Osteoporosis Center, 5050 NE 
Hoyt St., Suite 651, Portland, OR 97213, 
or at mmcclung@orost.com.

*Other members of the AMG 162 (Deno-
sumab) Bone Loss Study Group are 
listed in the Appendix. 

N Engl J Med 2006;354:821-31.
Copyright © 2006 Massachusetts Medical Society.

A bs tr ac t

Background

Receptor activator of nuclear factor-κB ligand (RANKL) is essential for osteoclast 
differentiation, activation, and survival. The fully human monoclonal antibody 
denosumab (formerly known as AMG 162) binds RANKL with high affinity and 
specificity and inhibits RANKL action.

Methods

The efficacy and safety of subcutaneously administered denosumab were evaluated 
over a period of 12 months in 412 postmenopausal women with low bone mineral 
density (T score of –1.8 to –4.0 at the lumbar spine or –1.8 to –3.5 at the proximal 
femur). Subjects were randomly assigned to receive denosumab either every three 
months (at a dose of 6, 14, or 30 mg) or every six months (at a dose of 14, 60, 100, 
or 210 mg), open-label oral alendronate once weekly (at a dose of 70 mg), or placebo. 
The primary end point was the percentage change from baseline in bone mineral 
density at the lumbar spine at 12 months. Changes in bone turnover were assessed 
by measurement of serum and urine telopeptides and bone-specific alkaline phos-
phatase.

Results

Denosumab treatment for 12 months resulted in an increase in bone mineral density 
at the lumbar spine of 3.0 to 6.7 percent (as compared with an increase of 4.6 per-
cent with alendronate and a loss of 0.8 percent with placebo), at the total hip of 1.9 
to 3.6 percent (as compared with an increase of 2.1 percent with alendronate and a 
loss of 0.6 percent with placebo), and at the distal third of the radius of 0.4 to 1.3 
percent (as compared with decreases of 0.5 percent with alendronate and 2.0 per-
cent with placebo). Near-maximal reductions in mean levels of serum C-telopeptide 
from baseline were evident three days after the administration of denosumab. The 
duration of the suppression of bone turnover appeared to be dose-dependent.

Conclusions

In postmenopausal women with low bone mass, denosumab increased bone mineral 
density and decreased bone resorption. These preliminary data suggest that deno-
sumab might be an effective treatment for osteoporosis. (ClinicalTrials.gov number, 
NCT00043186.)
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Osteoporosis is a well-established 
risk factor for fracture.1 Despite treatment 
options that reduce the risk of fracture in 

patients with osteoporosis, few patients fully ad-
here to current therapies. A recent study reported 
one-year adherence rates of less than 25 percent 
for all osteoporosis therapies examined.2 This ad-
herence rate is substantially lower than that for 
therapies for other asymptomatic conditions, such 
as hypertension (50 to 70 percent adherence).3 
Thus, new treatment approaches that engender 
high adherence are needed.

Receptor activator of nuclear factor-κB ligand 
(RANKL), a protein expressed by osteoblastic 
stromal cells, binds to receptor activator of nu-
clear factor-κB (RANK) and is the primary medi-
ator of osteoclast differentiation, activation, and 
survival.4-8 RANKL is responsible for osteoclast-
mediated bone resorption in a broad range of 
conditions. Osteoprotegerin, a soluble RANKL de-
coy receptor that binds RANKL, is the key endog-
enous regulator of the RANKL–RANK pathway.9

Denosumab (formerly known as AMG 162, 
Amgen) is a fully human monoclonal antibody 
(IgG

2
) that binds to RANKL with high affinity 

and specificity and blocks the interaction of 
RANKL with RANK, mimicking the endogenous 
effects of osteoprotegerin. In a phase 1 dose-
escalation study, a single subcutaneous injection 
of denosumab resulted in a dose-dependent de-
crease in bone resorption, as measured by chang-
es in serum and urinary N-telopeptide, markers 
of osteoclastic bone resorption.10

This article reports on a phase 2 study evalu-
ating the efficacy and safety of denosumab in 
postmenopausal women with low bone mineral 
density.

Me thods

Study Design

This randomized, placebo-controlled, dose-rang-
ing study included eight double-blind groups and 
one open-label treatment group. A total of 412 
women from 29 study centers in the United States 
were randomly assigned to receive denosumab 
given subcutaneously either every three months 
(at a dose of 6, 14, or 30 mg) or every six months 
(at a dose of 14, 60, 100, or 210 mg), open-label 
alendronate (at a dose of 70 mg) given orally once 
weekly, or placebo. The randomization was strat-

ified according to center with permuted blocks of 
eight. Amgen prepared the randomization sched-
ule before the study began. The denosumab solu-
tion contained denosumab (30 or 70 mg per milli-
liter) in 5 percent sorbitol, with 10 mM sodium 
acetate in water for injection (pH 5.2). All subjects 
took daily oral supplements containing elemental 
calcium (1 g) and vitamin D (400 IU). The pri-
mary end point was the percentage change in 
bone mineral density at the lumbar spine at 12 
months. Percentage changes from baseline in bone 
mineral density at the total hip, femoral neck, 
total body (minus head), and distal third of the 
radius were also assessed, as were serum levels of 
C-telopeptide, the urinary N-telopeptide:creatinine 
ratio, and bone-specific alkaline phosphatase.

Institutional review boards at each study site 
approved the study protocol, and all subjects pro-
vided written informed consent. Amgen designed 
the study in collaboration with the investigators, 
conducted statistical analyses, and interpreted the 
data, which it holds. The investigators had unre-
stricted access to the primary data and were not 
limited by the sponsor in the writing of this ar-
ticle. The authors were responsible for writing the 
article and vouch for its accuracy and complete-
ness; editing assistance was provided by Amgen.

Subjects

Postmenopausal women up to 80 years of age 
were eligible if they had a bone mineral density 
T score of –1.8 to –4.0 at the lumbar spine or –1.8 
to –3.5 at either the femoral neck or total hip. An 
upper limit of –1.8 was selected to include sub-
jects with both osteopenia and osteoporosis. Ex-
clusion criteria included the use of bisphospho-
nates within the previous 12 months or fluoride 
within the previous 24 months; tibolone, para-
thyroid hormone or any derivative, systemic gluco-
corticoids (more than 5 mg of prednisone equiv-
alent daily for more than 10 days), inhaled 
glucocorticoids (more than 2000 μg daily for more 
than 10 days), anabolic steroids or testosterone 
within 6 months; and estrogens, selective estro-
gen receptor modulators, calcitonin, or calcitriol 
within 3 months before enrollment. Exclusion 
criteria included hyperparathyroidism or hypopara-
thyroidism, hyperthyroidism or hypothyroidism, 
hypocalcemia, rheumatoid arthritis, Paget’s dis-
ease of bone, osteomalacia, a creatinine clear-
ance of less than 35 ml per minute (as estimated 
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by the Cockroft–Gault equation),11 malabsorption 
syndrome, a recent long-bone fracture (within the 
previous six months), more than one grade 1 ver-
tebral fracture, an osteoporosis-related fracture 
within the previous two years, or a case in which 
bone mineral density could not be accurately 
measured.

Study Procedures

Measurements of bone mineral density of the lum-
bar spine, total hip, and femoral neck were per-
formed by dual-energy x-ray absorptiometry (GE 
Lunar or Hologic) at baseline and at 1, 3, 6, and 
12 months and of the distal third of the radius 
and total body at baseline and at 6 and 12 months. 
Quality control and scan analysis were performed 
at Bio-Imaging Technologies in Newtown, Penn-
sylvania. Levels of serum C-telopeptide (Cross-
Laps, Nordic Bioscience) and urine N-telopeptide 
(Osteomark) in fasting samples were measured 
at baseline, at 3 days, and monthly through 12 
months, with an additional measurement 3 days 
after the 6-month visit. Bone-specific alkaline 
phosphatase (Tandem-R Ostase, Hybritech, or Ac-
cess Ostase, Beckman Coulter) and intact para-
thyroid hormone (Nichols) were assessed at base-
line and at months 1, 3, 6, 9 (bone-specific alkaline 
phosphatase only), and 12.

Hematologic and chemical analyses and serum 
levels of denosumab and denosumab-binding anti-
bodies were recorded at all study visits. Antibodies 
detected by a validated electrochemiluminescent 
immunoassay were screened for denosumab-neu-
tralizing activity by a cell-based tartrate-resistant 
acid phosphatase bioassay. (A detailed description 
of the assays appears in the Supplementary Ap-
pendix, which is available with the full text of this 
article at www.nejm.org). Reports of adverse events 
were collected spontaneously and in response to 
nondirected questioning at each study visit.

Statistical Analysis

Summary statistical analyses of demographic and 
baseline characteristics were calculated for all 
groups. Percentage changes from baseline for 
measures of bone metabolism were calculated for 
all subjects with a baseline value and at least one 
value after baseline and compared across dose 
groups (intention-to-treat). The mean percentage 
changes from baseline in bone mineral density 
and markers of bone turnover were determined  

by analysis of covariance models, with treatment 
as the main effect and the location of the center 
and the baseline value of the end point as covari-
ates. The assumption of normality was assessed 
with use of the Shapiro–Wilk test.12 If the assump-
tions were violated, a nonparametric method (van 
Elteren test)13 was used to corroborate the para-
metric results. For the primary assessment, pair-
wise comparisons between each group receiving 
denosumab and the placebo group were conduct-
ed for each efficacy measure, and the levels of 
significance were adjusted for multiple testing 
with the use of the Hochberg procedure.14 With 
40 subjects per treatment group and an assumed 
20 percent dropout rate, a sample size of 32 sub-
jects per group was needed to provide 90 percent 
power to detect a placebo-adjusted mean differ-
ence of 3 percent at a significance level of 0.05. A 
common standard deviation of 3.6 percent for 
percentage change in bone mineral density at the 
lumbar spine was assumed. To facilitate dose se-
lection for subsequent studies, exploratory com-
parisons between the groups receiving denosumab 
and the alendronate group were performed. How-
ever, these comparisons were not among the 
primary objectives of the study and were not 
prespecified in either the protocol or the statistical-
analysis plan; nominal P values are thus reported. 
Comparisons among denosumab, alendronate, and 
placebo in safety analyses were likewise descrip-
tive, with nominal P values.

R esult s

Subjects

Data were collected from May 2002 to April 2004. 
Overall, 412 subjects were enrolled and 369 (90 
percent) completed 12 months of treatment. The 
primary reasons for early discontinuation in the 
denosumab, alendronate, and placebo groups were 
withdrawal of consent (8, 2, and 7 percent, respec-
tively, of all randomized subjects) and adverse 
events (2 percent for denosumab and 2 percent 
for placebo, with no subjects in the alendronate 
group). The mean age of the study population, 
which was similar across groups, was 63 years 
(Table 1). In rounded numbers, investigators clas-
sified 85 percent of the subjects as white, 11 per-
cent as Hispanic, and 3 percent as black. The mean 
baseline levels of bone mineral density and markers 
of bone turnover were similar across the groups.
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Efficacy

Bone Mineral Density
Figure 1 and Figure 2 depict measures of bone 
mineral density and clinical laboratory results 
over time in the groups that received denosumab 
every three months and every six months. Deno-
sumab treatment was associated with a mean in-
crease in bone mineral density at the lumbar 
spine of 3.0 to 6.7 percent at 12 months, as com-
pared with a decrease of 0.8 percent in the placebo 
group (P<0.001) (Fig. 1A and 2A, and Table 1 of 
the Supplementary Appendix). Bone mineral den-
sity at the total hip at 12 months increased by a 
mean of 1.9 to 3.6 percent in the denosumab 
groups, as compared with a decrease of 0.6 per-
cent in the placebo group (P<0.001) (Fig. 1B and 
2B, and Table 1 of the Supplementary Appendix). 
At one month, increases in bone mineral density 
were observed at the lumbar spine and total hip 
in the groups receiving denosumab (in the groups 
receiving 14 mg and 30 mg of drug every three 
months and 60 mg every six months), as com-
pared with the group receiving placebo (P<0.05). 
At 12 months, the bone mineral density at the 
distal third of the radius increased by 0.4 to 1.3 
percent in the subjects receiving denosumab, as 
compared with a mean loss of 2.0 percent in the 
placebo group (P<0.001) (Fig. 1C and 2C, and 
Table 1 of the Supplementary Appendix). At 12 
months, the mean percentage change in total 
body bone mineral density was 0.6 to 2.8 percent 
in the denosumab groups, as compared with –0.2 
percent in the placebo group (P<0.01, except for 
subjects receiving 14 mg of drug every six 
months) (Fig. 1D and 2D, and Table 1 of the Sup-
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Figure 1 (facing page). A Comparison of Changes in 
Bone Mineral Density (BMD) and Markers of Bone 
Turnover with Denosumab (Three-Month Regimen), 
Alendronate, and Placebo.

Shown here are mean percentage changes from baseline 
in bone mineral density at the lumbar spine (Panel A), 
total hip (Panel B), distal third of the radius (Panel C), 
and total body (Panel D); mean percentage changes 
from baseline in serum levels of C-telopeptide (Panel 
E) and bone-specific alkaline phosphatase (Panel F); 
and mean absolute levels of albumin-adjusted serum 
calcium (Panel G) and intact parathyroid hormone 
(Panel H) over time according to treatment group. The 
reference range for albumin-adjusted serum calcium is 
2.10 to 2.58 mmol per liter, and for intact parathyroid 
hormone, 1.1 to 6.9 pmol per liter. The three-day time 
points in Panels E and G are not drawn to scale on 
the x axis. I bars denote standard errors.
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