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Context: Current osteoporosis medications increase bone mineral density (BMD) modestly and
reduce, but do not eliminate, fracture risk. Attempts to improve efficacy by administering anabolic
agents and bisphosphonates concomitantly have been unsuccessful. Conversely, 12 months of
concomitant denosumab and teriparatide therapy increases BMD more than either drug alone.

Objective: The purpose of this study was to determine whether 24 months of combined denosumab
and teriparatide will increase hip and spine BMD more than either individual agent.

Design: Preplanned continuation of the Denosumab and Teriparatide Administration (DATA) ran-
domized controlled trial in which postmenopausal osteoporotic women received teriparatide (20
�g daily), denosumab (60 mg every 6 months), or both medications for 24 months.

Participants: Participants were 94 postmenopausal women with osteoporosis.

Outcome Measures: Lumbar spine, femoral neck, total hip, and distal radius BMD and serum
markers of bone turnover were measured.

Results: At 24 months, lumbar spine BMD increased more in the combination group (12.9 � 5.0%)
than in either the teriparatide (9.5 � 5.9%, P � .01) or denosumab (8.3 � 3.4%, P � .008) groups.
Femoral neck BMD also increased more in the combination group (6.8 � 3.6%) than in either the
teriparatide (2.8 � 3.9%, P � .003) or denosumab (4.1 � 3.8%, P � .008) groups. Similarly, total hip
BMD increased more in the combination group (6.3 � 2.6%) than in the teriparatide (2.0 � 3.0%)
or denosumab (3.2 � 2.5%) groups (P � .001 for both). Although spine and hip BMD continued to
increase in the second year in all groups, these year 2 increases did not differ among groups. Serum
C-telopeptide and N-terminal propeptide of type 1 procollagen were equally suppressed in the
denosumab and combination groups, whereas osteocalcin decreased more in the denosumab
group than in the combination group, a difference that persisted, but lessened, in the second year
of therapy.

Conclusions: Two years of concomitant teriparatide and denosumab therapy increases BMD more
than therapy with either medication alone and more than has been reported with any current
therapy. The combination of these agents may prove to be an important treatment option in
patients at high risk of fracture. (J Clin Endocrinol Metab 99: 1694–1700, 2014)
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sorptiometry; OC, osteocalcin; P1NP, propeptide of type 1 procollagen; PA spine, posterior-
anterior lumbar spine.

O R I G I N A L A R T I C L E

E n d o c r i n e C a r e

1694 jcem.endojournals.org J Clin Endocrinol Metab, May 2014, 99(5):1694–1700 doi: 10.1210/jc.2013-4440

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/99/5/1694/2537418 by M
assachusetts G

eneral H
ospital user on 29 April 2019

http://press.endocrine.org/jcem/bestoftheyear/2014


Unlike treatments for the vast majority of chronic dis-
eases, US Food and Drug Administration–-ap-

proved osteoporosis treatments are currently limited to
the use of a single drug at a fixed dose. Furthermore, al-
though the therapeutic options for osteoporosis treatment
have expanded greatly over the past 2 decades, no cur-
rently approved therapy is able to restore skeletal integrity
in most patients with established osteoporosis. Current
medications approved to treat postmenopausal osteopo-
rosis can be separated into 2 categories. The most com-
monly used drugs are the antiresorptive medications such
as the nitrogen-containing bisphosphonates and the re-
ceptor activator of nuclear factor �B ligand inhibitor de-
nosumab. Whereas both bisphosphonates and deno-
sumab inhibit osteoclastic bone resorption (and, to a lesser
degree, bone formation), they do so by different cellular
and molecular mechanisms (1, 2). Less commonly used
and generally reserved for patients with severe and estab-
lished osteoporosis are the anabolic agents PTH [PTH-
(1–84)] and teriparatide [PTH-(1–34)]. These peptides
potently stimulate osteoblastic bone formation but also
stimulate bone resorption (3).

Attempts to combine more than 2 antiresorptive agents
have demonstrated very limited additive effects on bone
mass (4). Initially thought to be a more promising ap-
proach, attempts to combine PTH or teriparatide with
bisphosphonates have also been unsuccessful in that no
combination was shown to be consistently superior to
monotherapy (5–8). Similarly, the concomitant use of
PTH and the selective estrogen receptor modulator, ralox-
ifene, also has not shown additive effects on bone mineral
density (BMD) (9). In contrast, in the Denosumab and
Teriparatide Administration (DATA) study, we reported
that 12 months of concurrent denosumab and teriparatide
increased spine and hip BMD more than either drug alone
and to a greater degree than has been achieved with any
currently available agent (10). The additive effect of these
2 drugs appears to be linked to the ability of denosumab
to fully inhibit teriparatide-induced bone resorption but
only partially inhibit teriparatide-induced bone forma-
tion. Because the effects of teriparatide on hip BMD are
delayed until the second year of treatment (7, 8, 11), how-
ever, longer-term studies are essential to confirm the su-
perior efficacy of any teriparatide-containing approach
and to ensure that any advantage of combination therapy
is not transient. To test the hypothesis that sustained com-
bination denosumab and teriparatide therapy would con-
tinue to show superior efficacy compared with mono-
therapy, we prospectively extended our original DATA
study to a total of 24 months of therapy and measured the
changes in BMD and biochemical markers of bone turn-
over every 6 months.

Subjects and Methods

Study subjects
A total of 100 postmenopausal women aged 45 or older were

recruited through targeted mailings, advertisements, and physi-
cian referrals. Subjects were required to be at least 36 months
since last menses (or since hysterectomy if the FSH level was �40
U/L) and at high fracture risk. High fracture risk was defined as
a BMD T score of ��2.5 at the spine, hip, or femoral neck, a T
score of ��2.0 with at least one BMD independent risk factor
(fracture after age 50, parental hip fracture after age 50, prior
hyperthyroidism, inability to rise from a chair with arms ele-
vated, or current smoking) (12), or a T score ��1.0 with a
history of a fragility fracture. Subjects were excluded if they had
evidence of hyperparathyroidism, vitamin D deficiency (serum
level less than 20 ng/mL), other congenital or acquired bone
disease, history of malignancy (with the exception of nonmela-
noma skin cancer), history of ionizing radiation therapy, signif-
icant cardiopulmonary, liver, or renal disease, major psychiatric
disease, or excessive alcohol intake. Subjects were also excluded
if they had ever taken parenteral bisphosphonates, teriparatide,
or strontium ranelate. In addition, subjects were excluded if they
had taken glucocorticoids or oral bisphosphonates within 6
months of enrollment or if they had taken estrogen, selective
estrogen receptor modulators, or calcitonin within 3 months of
enrollment.

Study design
The DATA extension study is a 12-month extension to the

original 12-month, open-label, randomized controlled trial. Sub-
jects originally randomly assigned on a 1:1:1 basis to receive 60
mg of denosumab sc every 6 months (Prolia; Amgen, Inc), 20 �g
of teriparatide sc daily (Forteo; Eli Lilly, Inc), or both medica-
tions for 12 months continued their assigned treatment for an
additional 12 months (24 months of total therapy). Before the
initial randomization, subjects were stratified based on age (�65
or �65 years) and prior bisphosphonate use (yes/no). Subjects
were seen at 0, 3, 6, 12, 18, and 24 months, and blood sampling
and dual-energy x-ray absorptiometry (DXA) were performed at
each visit. All blood sampling was done before teriparatide ad-
ministration (ie, 24 hours after the last teriparatide dose), and
physicians interpreting the BMD assessments were blinded to the
treatment group. Subjects were given calcium carbonate and vi-
tamin D supplements if needed to achieve a total daily intake of
1200 mg of elemental calcium and to maintain a serum 25-hy-
droxyvitamin D level of at least 20 ng/mL. Adherence to teripa-
ratide was assessed by subject diary. All subjects provided writ-
ten informed consent. The study was approved by the Partners
Healthcare Institutional Review Board and is registered with
ClinicalTrials.gov (number NCT00926380).

BMD measurements
Areal BMD of the posterior-anterior lumbar spine (PA spine),

total hip, femoral neck, and distal one-third radius shaft was
measured by DXA using a QDR 4500A densitometer (Hologic).
All scans of an individual subject were performed on the same
densitometer. Quality control measurements were performed
daily with a Hologic anthropomorphic spine phantom. Our SDs
of in vivo same-day reproducibility are 0.005, 0.006, and 0.007
g/cm2 for PA spine, total hip, and femoral neck BMD measure-
ments, respectively.
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Biochemical measurements
Fasting morning blood samples (collected 24 hours after last

injection for patients taking teriparatide) were obtained at each
visit. Serum osteocalcin (OC) was measured via electrochemilu-
minescent immunoassay (Meso Scale Discovery) with inter- and
intra-assay coefficients of variation (CVs) of 10% and 8%, re-
spectively. Serum amino-terminal propeptide of type 1 procol-
lagen (P1NP) was measured via RIA (Orion Diagnostica) with
inter- and intra-assay CVs of 6% to 10% and 7% to 10%, re-
spectively. Serum �-C-terminal telopeptide of type 1 collagen
(CTX) was measured via double-antibody ELISA (Roche Diag-
nostics) with inter- and intra-assay CVs of 2% to 4% and 18%,
respectively. Biochemical markers of bone turnover were only
measured in subjects completing 24 months of therapy (n � 83).
For each marker, all blood samples from a participant were an-
alyzed together in the same assay run.

Statistical analysis
We used a modified intention-to-treat analysis, which in-

cluded all data from subjects completing at least 1 postbaseline
visit. Baseline characteristics were compared by one-way
ANOVA. The predetermined primary endpoint was the percent
change in PA spine BMD at 24 months. Secondary endpoints
included the percent change in total hip, femoral neck, and radius
shaft BMD as well as the overall change in serum OC, P1NP, and
CTX. Between-group differences in the mean change in BMD
from baseline to 24 months were examined by one-way

ANOVA, and subsequent between-
group differences were confirmed by an
independent-samples t test. Between-
group differences in the change in BMD
from 12 to 24 months were also exam-
ined by one-way ANOVA with subse-
quent between-group differences con-
firmed by an independent-samples t test.
Within-group changes were assessed by a
paired t test. The area under the curve
(AUC) from the baseline to 24 months
was calculated in each group for each
bone turnover marker. Between-group
differences in AUC were then compared

by the same method described above as was the change in the
marker level at each time point. Two-sided P values of �.05 were
considered significant.

Results

Of the 100 enrolled women, 94 completed at least 1 post-
baseline visit and are included in this analysis; 83 women
completed all visits (Figure 1). There were no significant
differences in the baseline characteristics among the 3
treatment groups (Table 1). In addition, there were no
significant differences in the baseline characteristics of
women completing all visits compared with those of the
full cohort. Because a study physician administered deno-
sumab, adherence was 100%. All women in the combi-
nation groups and 92% of women in the teriparatide
monotherapy group reported taking at least 85% of their
prescribed teriparatide.

BMD
Figure 2 shows the changes in DXA-derived areal BMD

over the 24-month treatment period. After 24 months of

2 discontinued:
   Consent withdrawn = 1

   Adverse event = 1     

1 discontinued:
   Consent withdrawn = 1      

94 women completing at least 1 
post-baseline visit

31 assigned to teriparatide     33 assigned to denosumab 30 assigned to combination

30 completed one year 33 completed one year 29 completed one year

28 completed two years 31 completed two years 24 completed two years

5 discontinued:
   Consent withdrawn = 4

   Adverse event = 1      

1 discontinued:
   Consent withdrawn = 1 

2 discontinued:
   Consent withdrawn = 2     

Figure 1. Subject disposition.

Table 1. Baseline Characteristics of All Women in the Modified Intention-to-Treat Analysis

Characteristic
Teriparatide
(n � 31)

Denosumab
(n � 33)

Combination
(n � 30)

P
Value

Age, y 65.5 � 7.9 66.3 � 8.3 65.9 � 9.0 .94
Body mass index, kg/m2 25.5 � 3.8 24.1 � 3.9 25.4 � 4.9 .31
White, non-Hispanic (%) 31 (100) 30 (91) 27 (90) .20
History of fracture, n (%) 16 (52) 12 (36) 10 (33) .29
Previous bisphosphonate use, n (%) 13 (42) 12 (36) 10 (33) .78
Duration of use, months 40 � 25 43 � 27 28 � 21 .31
Time since discontinuation, months 27 � 20 36 � 23 42 � 17 .24
25-Hydroxyvitamin D, ng/mL 31.2 � 8.5 35.3 � 10.5 33.9 � 11.8 .28
Alkaline phosphatase, U/L 75.8 � 16.8 78.8 � 16.8 84.2 � 20.8 .20
OC, ng/mL 49.0 � 28.8 42.9 � 19.4 52.2 � 29.9 .37
P1NP, �g/L 46.0 � 19.5 45.7 � 16.7 49.3 � 20.9 .72
CTX, ng/mL 0.36 � 0.15 0.39 � 0.21 0.43 � 0.17 .31
PA spine BMD, g/cm2 0.823 � 0.111 0.866 � 0.088 0.856 � 0.131 .31
Femoral neck BMD, g/cm2 0.643 � 0.061 0.641 � 0.086 0.642 � 0.067 .99
Total hip BMD, g/cm2 0.757 � 0.068 0.766 � 0.100 0.759 � 0.073 .94
One-third radius BMD, g/cm2 0.612 � 0.069 0.602 � 0.082 0.613 � 0.070 .84

Values are means � SD.
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treatment, mean PA spine BMD increased significantly in
all treatment groups relative to the baseline (P � .0001 for
all within-group comparisons). Spine BMD increased
more in the combination group (12.9 � 5.0%) than in the
teriparatide (9.5 � 5.9%) or denosumab (8.3 � 3.4%)
groups (P � .01, combination vs teriparatide; P � .008,
combination vs denosumab). The increase in spine BMD
did not differ significantly between the teriparatide and
denosumab groups (P � .73).

Femoral neck BMD also increased significantly in all
groups between months 0 and 24 relative to the baseline
(P � .0008 for all within group comparisons). Femoral
neck BMD increased more between months 0 and 24 in the
combination group (6.8 � 3.6%) than in the teripa-
ratide (2.8 � 3.9%) or denosumab (4.1 � 3.8%) group
(P � .003, combination vs teriparatide; P � .008 com-
bination vs denosumab). The increase in femoral neck

BMD did not differ significantly
between the teriparatide and deno-
sumab groups (P � .23).

Similarly, after 24 months of
treatment, total hip BMD increased
in all groups relative to the baseline
(P � .001 for the denosumab and
combination groups; P � .002 for
the teriparatide group). Total hip
BMD increased more between
months 0 and 24 in the combination
group (6.3 � 2.6%) than in the
teriparatide (2.0 � 3.0%) or deno-
sumab (3.2 � 2.5%) group (P �
.001, combination vs teriparatide
and combination vs denosumab).
The increase in total hip BMD did
not differ significantly between the
teriparatide and denosumab groups
(P � .08).

BMD at the distal radius in-
creased by 2.1 � 3.1% in the deno-
sumab group and by 2.2 � 3.1% in

the combination group (P � .01 for both comparisons vs
baseline). The small decrease in BMD in the teriparatide
group (�1.7 � 4.6%) was not statistically significant (P �
.09). The magnitude of the change in distal radius BMD
was similar in the denosumab and combination groups
(P � .95), although both groups differed significantly
compared with the teriparatide group (P � .004 for both
groups vs teriparatide).

There were no significant between-group differences in
the BMD changes in the second year of therapy (Figure 3).
There were, however, significant within-group increases
in BMD between months 12 and 24. Specifically, spine
BMD increased by 2.6 � 3.7% between months 12 and 24
in the teriparatide group, 2.7 � 2.2% between months 12
and 24 in the denosumab group, and 3.3 � 3.0% between
months 12 and 24 in the combination group (P � .002 for
all within-group comparisons). Over the same interval,

Figure 2. Mean percent change (SEM) in BMD from baseline to 24 months in the lumbar spine
(A), one-third distal radius (B), femoral neck (C), and total hip (D) in the teriparatide (TPTD),
denosumab (DMAB), and combination (Combo) groups. *, P � .05 compared with other groups.

Figure 3. Mean percent change (SEM) in BMD (grams per square centimeter) from months 0 to 12 (gray) and months 12 to 24 (yellow) in the
teriparatide (TPTD), denosumab (DMAB), and combination (Combo) groups. *, P � .05 vs other groups for the overall 0 to 24 month change.
Changes between 12 and 24 months did not differ significantly among groups.
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femoral neck BMD increased by 2.4 � 4.8% in the teripa-
ratide group, 1.8 � 3.5% in the denosumab group, and
1.6 � 2.6% in the combination group (P � .05 for all
within-group comparisons), whereas total hip BMD in-
creased by 1.5 � 2.6% in the teriparatide group (P �
.007), 0.6 � 2.0% in the denosumab group (P � .09), and
1.3 � 2.3% in the combination group (P � .01).

Biochemical markers of bone turnover
Figure 4 shows the mean percent change in serum OC,

P1NP, and CTX during the 24-month treatment period (the
teriparatide group is shown separately for clarity). In women
treated with teriparatide alone, mean serum OC, P1NP, and
CTX increased significantly at all time points, whereas they
decreased at all time points in the other 2 groups (P � .0001
for all within-group comparisons and between-group com-
parisons in net AUC and each individual time point). In the
teriparatide group, the increase in these markers appeared to
peak between months 6 and 12 and then reverted toward
baseline between months 12 and 24.

In the denosumab group, serum OC, which had de-
creased by 55 � 20% at month 12, remained similarly
suppressed at months 18 and 24. In contrast, in the com-
bination group, OC decreased more slowly. At month 12,
OC had decreased by 39 � 22% and at month 24 had
decreased by 48 � 25%. Overall mean serum OC (net
AUC) was lower in the denosumab monotherapy group
than in the combination group (P � .001). Furthermore,
OC levels remained lower in the denosumab group than in
the combination group at all time points (P � .002) despite
progressively greater suppression in the combination
group in year 2. Specifically, the difference in the percent

reduction between the denosumab and combination
groups decreased from 16% at month 12 to 8% at month
24. Serum P1NP, which had decreased similarly in the
denosumab and combination groups at month 12 re-
mained similarly suppressed thereafter (�59 � 28% and
�65 � 18%, respectively). The overall mean serum P1NP
(net AUC) was similar in the denosumab and combination
groups as it was at each measured time point (not signif-
icant for all comparisons). Finally, serum CTX, which
decreased similarly in both the denosumab and combina-
tion groups at month 12, remained similarly suppressed at
month 24 (�49 � 40% and �57 � 33%, respectively, not
significant for the between-group comparison in net AUC
and the between-group comparison at each time point).

Safety
Mild asymptomatic hypercalcemia (�10.8 mg/dL) was

detected rarely in year 1 as reported previously (10). In
year 2, no calcium levels �10.8 mg/dL were observed.
Serious adverse events occurring in year 1 were also re-
ported previously (10). Serious adverse events occurring in
year 2 included a subject with cholecystitis requiring cho-
lecystectomy (denosumab group) and a subject with di-
verticulitis requiring sigmoid colectomy (teriparatide
group). All serious adverse events, including those occur-
ring in year 1, were considered unrelated to the study ther-
apy, as assessed by study investigators and an independent
safety monitoring board.

Discussion

In this 24-month randomized controlled trial, we demon-
strated that the combination of denosumab and teripa-

Figure 4. Markers. Mean percent change (SEM) in bone turnover markers from baseline to 24 months in the teriparatide (TPTD, A–C) and
denosumab (DMAB) and combination (Combo) groups (D–F). a, P � .0001 vs denosumab and combination at all time points. b, P � .005 vs
denosumab at all time points. Data for the teriparatide group and other groups are graphed separately for figure clarity. Error bars that are not
seen are contained within the symbols.
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ratide increases BMD at the femoral neck, total hip, and
PA spine significantly more than either drug alone. More-
over, the increases observed in the combination group
(spine � 12.9%, femoral neck � 6.8%, and total hip �
6.3%) are greater than increases that can be achieved with
any currently available treatment (11, 13–18). These find-
ings are consistent with various animal models, including
the ovariectomized rat in which the combination of os-
teoprotegerin (an endogenous molecule with properties
similar to those of denosumab) and teriparatide greatly
reduced osteoclast number, did not reduce osteoblast
number, and increased trabecular and cortical BMD more
than either agent alone (19). Similarly, in a mouse model
in which osteoprotegerin and teriparatide were coadmin-
istered, the increase in femoral BMD was additive, and the
increase in spine BMD exceeded the cumulative changes
with each agent individually (20).

These findings continue to contrast with those of clin-
ical studies investigating the effects of combined teripa-
ratide and bisphosphonates. For example, in a prior 30-
monthclinical trial inwhichpostmenopausalwomenwere
randomly assigned to receive either 10 mg of alendronate
daily, 40 �g of teriparatide daily, or both medications
(teriparatide was started at month 6), DXA-derived spine
and hip BMD increased more in women treated with
teriparatide alone than in those treated with alendronate
alone or with both medications (8). Also in contrast to the
current study, biochemical markers of bone resorption
were suppressed less in subjects receiving both alendro-
nate and teriparatide than in subjects receiving alendro-
nate alone (8). Similar findings were reported when the
identical study was performed in men (7). Additional
2-year studies investigating the effects of other bisphos-
phonates in combination with teriparatide are lacking,
although it was recently reported that women treated with
9 months of teriparatide followed by 9 months of teripa-
ratide plus alendronate experienced greater BMD in-
creases at the hip than women treated with 18 months of
teriparatide alone (there was also a trend toward greater
BMD increases at the spine) (21).

By extending the current study to 2 years, we are now
able to more definitively assess the comparative efficacy of
the denosumab � teriparatide treatment approach. This is
especially pertinent because teriparatide does not appre-
ciably increase hip and femoral neck BMD in the first year
of therapy but does so in the second year of therapy (as is
demonstrated in the teriparatide monotherapy group in
the current study as well as in prior teriparatide clinical
trials) (7, 8, 11, 22, 23). It is also important to note that the
BMD changes in the second year of therapy in the current
study were generally similar in all treatment groups at all
anatomic sites. This latter finding may be explained by the

shrinking (but still significant) gap in denosumab and the
ability of combination therapy to inhibit bone resorption
between months 12 and 24. This observation also raises
the possibility that the most cost-effective way to achieve
greater increases in BMD may be to treat with combined
teriparatide and denosumab for 1 year followed by an
antiresorptive agent alone for the second year. This hy-
pothesis deserves evaluation.

There are several potential limitations to our study.
First, the study was powered to detect changes in BMD but
not changes in fracture rates. A study aimed to assess com-
parative fracture risk reduction would require a very large
sample size and would not be feasible in the context of an
investigator-initiated trial. Nonetheless, treatment-in-
duced increases in BMD at the various anatomic sites have
proven to be reliable, although not perfect, surrogates for
efficacy in fracture prevention and the larger increases in
BMD in the combination group compared with those in
the monotherapy groups (ranging from 3.4% to 5.6% at
the spine and 3.1% to 4.3% at the hip) are very likely to
be clinically significant. In addition, although treatment-
induced improvements in the non-BMD determinants of
bone strength may be important, BMD changes in patients
treated with both denosumab and teriparatide mono-
therapy have been shown to predict fracture reduction
(24, 25). Furthermore, our cohort size was limited and
made up predominately of white women, potentially lim-
iting generalizability and making subgroup analysis not
feasible.

It is also notable that there are small nonstatistically
significant differences in the rate, duration, and washout
period of prior bisphosphonate use among the 3 treatment
groups. Further analysis of our data (not shown), how-
ever, demonstrates no difference in the response to therapy
in subjects with or without a history of bisphosphonate
exposure (both overall and within each group), and the
between-group relationships are unchanged if all subjects
exposed to bisphosphonates are removed from the
analysis.

In summary, we have shown that 24 months of com-
bined denosumab and teriparatide therapy increases BMD
at the spine, hip, and femoral neck more than either drug
alone and more than any currently available agent. Al-
though a larger study would be needed to definitively dem-
onstrate a fracture-reduction benefit, the sustained 2-year
superiority on BMD accrual strongly supports the con-
clusion that this particular combined approach may be a
useful option in patients at very high risk of fragility
fracture.
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