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Denosumab 
in osteoporosis-
related fractures 
A critical appraisal of
the FREEDOM trialObjective: to carry out a critical appraisal of the FREEDOM trial and

discuss the information provided in the prevention of osteoporosis-
related fractures. Methods: critical appraisal of both data published
in the article by Cummings SR, and available data on the trial in the
FDA and EMA’s assessment reports. Results and conclusions: de-
nosumab has shown efficacy vs placebo in the reduction of morpho-
metric vertebral fractures, an endpoint of dubious clinical relevance.
Data on prevention of hip fractures are inconclusive. Safety data pu-
blished do not concur with the drug information available from regu-
latory agencies. Due to the exclusion criteria in the trial, the results
are not applicable to women previously treated with bisphosphona-
tes. Given the high risk of bias of the FREEDOM trial, the conclusions
derived from this study should be considered with precaution. Fur-
thermore, the serious irregularities found in the trial inspections raise
concern on the veracity of the published data. Key words: denosu-
mab, osteoporosis, bone fracture, RANKL ligand.
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Introduction

Denosumab is a drug recently introduced in the
market for the management of osteoporosis in
postmenopausal women with a high risk of fracture.
The indication is based on a single trial known as
the FREEDOM trial. The drug has also been ap-
proved in the management of bone loss related to
hormone suppression in men with prostate cancer
and high risk of fracture. 

This drug is a monoclonal antibody which binds to
the RANKL ligand on the surface of osteoclasts
and inhibits their formation, activity and survival.
This leads to a reduction in bone resorption. The
mechanism of action is different to that of bispho-
sphonates, but ultimately they both produce the
same results, that is the inhibition of the osteo-
clasts and bone turnover.

The aim of this paper is to carry out a critical ap-
praisal of the FREEDOM trial1 and discuss the in-
formation provided in the prevention of osteo-
porosis-related fractures. The information consid-
ered includes both data published in the article by
Cummings SR, and available data on the trial in
the FDA and EMA’s assessment reports.

Description of the FREEDOM trial

Research question
Is denosumab effective in the reduction of verte-
bral fractures in comparison to placebo?

Design
Randomized, double-blind, placebo-controlled,
parallel-group, multicenter clinical trial with an av-
erage study period of 36 months. 

Setting
182 centres in the USA, Europe, Australia, New
Zealand, and Latin America. 

Patients
7,868 women aged 60 to 90 years with a bone
mineral density T-score of less than −2.5 at the
lumbar spine or total hip were included. Women
were excluded if:
· They had conditions that influence bone metab-
olism or had taken oral bisphosphonates for more
than 3 years. If they had taken bisphosphonates

for less than 3 years, they were eligible after 12
months without treatment. 
· They had used intravenous bisphosphonates,
fluoride, or strontium for osteoporosis within the
past 5 years.
· They had used parathyroid hormone or its deri-
vatives, corticosteroids, systemic hormone-re-
placement therapy, selective estrogen-receptor
modulators, or tibolone, calcitonin, or calcitriol
within 6 weeks before study enrollment.
· They had a bone mineral density T score of less
than −4.0 at the lumbar spine or total hip.
· They had any severe (or more than two moder-
ate) prevalent vertebral fractures

Baseline characteristics of the patients are shown
in table 1.

Intervention
Denosumab 60 mg vs placebo administered sub-
cutaneously every 6 months. Patients received
daily supplements of least 1 gram of calcium and
vitamin D 400 IU. The analysis was by intention to
treat. 

Outcomes
Primary endpoint: incidence of vertebral fractures
and safety and tolerability profile of denosumab.
Secondary endpoints: incidence of non-vertebral
and hip fractures.

Results
See table 2.

Authors’ conclusion
Denosumab given subcutaneously twice yearly for
36 months was associated with a reduction in the
risk of vertebral, nonvertebral, and hip fractures in
women with osteoporosis. 

Role of financial sponsors
Financed by the manufacturer of denosumab
(AMGEN).

A critical appraisal of the trial 
The comparator. Why compare it to placebo? 

No one would think of comparing an anaesthetic
or antibiotic for pneumonia against placebo, since
there are other drugs that have proved effective in
these indications. However, after more than 20
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years of available drugs for the prevention of frac-
tures, the regulatory agencies still maintain the
requisite that new drugs be compared to placebo.
This means that we do not have any drug which
may show acceptable minimum efficacy in the
prevention of fractures to be considered as a ref-
erence comparator. 

Despite the recommendation of regulatory agen-
cies to use placebo as comparator, in the case of
denosumab it would have been very interesting to
establish a third arm in the FREEDOM trial in order
to compare it to bisphosphonates. The interest de-
rives from the fact that bisphosphonates are the
most widely employed drugs in the management
of osteoporosis and both drugs, by different mech-
anisms of action, produce the same effects in os-
teoclasts and osteoblasts. For this reason, it would
be fitting to compare them to discover whether
there are any differences between denosumab and
biphosphonates. 

The primary endpoint… is it well defined? 
Is it clinically relevant? 

The primary endpoint is the incidence of morpho-
metric vertebral fractures determined by the se-
mi-quantitative method. Genant and cols2 defined
a fracture as a reduction between 20% and 25%
in the height of the vertebra, at any point with re-
spect to the baseline situation. In pivotal studies
on alendronate a 20% reduction in height was
considered as “fracture”3,4,5. In pivotal studies on
risedronate, the definition changed arbitrarily to a
reduction of 15% of vertebral height6,7,8. In the
case of denosumab, we do not know what criteria
was applied as it was not indicated either in the
publication1, or in the summary of the study pro-
tocol9.

Besides this vague definition of the primary end-
point, we should comment that the clinical rele-
vance of morphometric fractures is questionable.
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Table 1. Baseline characteristics of patients.

VARIABLE DENOSUMAB (N=3902) PLACEBO (N=3906)

Age Mean (years) 72.3±5.2 72.3±5.2

Age group, n (%)

<70 years 1030 (26.4) 1028 (26.3)

70-74 years 1637 (42.0) 1642 (42.0)

≥75 years 1235 (31.7) 1236 (31.6)

Body mass index 26.0±4,1 26.0±4.2

Region, nº (%) Western Europe 1761 (44.8) 1773 (45.1)

Eastern Europe 1374 (34.9) 1355 (34.4)

Latin America 472 (12.0) 462 (11.7)

North America 282 (7.2) 297 (7.5)

Australia and New Zealand 44 (1.1) 48 (1.2)

t-score Lumbar spine -2.82±0.70 -2.84±0.69

Total hip -1.89±0.81 -1.91±0.81

Femoral neck -2.15±0.72 -2.17±0.71

Prevalent vertebral fracture, nº (%) Yes 929 (23.8) 915 (23.4)

No 2864 (73.4) 2854 (73.1)

Unreadable or Messing data 109 (2,.8) 137 (3.5)

Serum 25-hydroxyvitamin D (ng/ml) 23.1±11.7 22.9±11.3

Adapted from reference1.

Table 2. Effect of denosumab on the risk of fracture at 36 months.

OUTCOME DENOSUMAB PLACEBO ABSOLUTE DIFFERENCE RR or HR p
n (%) n (%) (CI 95%) (CI 95%) VALUE

Primary endpoint

New vertebral fractures 86 (2.3) 264 (7.2) 4.8 (3.9 to 5.8) 0.32 (0.26 to 0.41) <0.001

Secondary endpoints

Nonvertebral fracture 238 (6.5) 293 (8.0) 1.5 (0.3 to 2.7) 0.80 (0.67 to 0.95) 0.01

Hip fracture 26 (0.7) 43 (1.2) 0.3 (-0.1 to 0.7) 0.60 (0.37 to 0.97) 0.04

Other fracture endpoints

New clinical vertebral fracture 29 (0.8) 92 (2.6) 1.7 (1.1 to 2.3) 0.31 (0.20 to 0.47) <0.001

Multiple (≥2) new vertebral fractures 23 (0.6) 59 (1.6) 1.0 (0.5 to 1.5) 0.39 (0.24 to 0.63) <0.001
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The same authors that describe the semi-quanti-
tative method say that “the distinction between
borderline deformity (grade 0.5) and definite mild
(grade 1) fractures can be difficult and sometimes
arbitrary. Another potential deficiency of the semi-
quantitative approach is the rather arbitrary dis-
tinction between mild (grade 1) and moderate
(grade 2) fractures or between moderate and se-
vere fractures (grade 3)”.

In the clinical trials in which morphometric verte-
bral fractures are distinguished from clinical frac-
tures, the latter are usually less than a third. This
can also be observed in the FREEDOM trial. For
this reason, it is worth questioning the validity of
an endpoint in which 70% of the cases are not
clinically relevant. In fracture prevention, the pri-
mary endpoint of the trials should be the incidence
of hip fractures where no doubt exists on its clini-
cal relevance. 

The study population. Inclusion and exclusion
criteria 

The exclusion criteria in the protocol published by
the manufacturer do not coincide with those de-
scribed in the publication. According to the proto-
col, there were two exclusion criteria: BMD T-
score at the hip or the spine of less than 4.0 and
subjects with any severe or more than two moder-
ate vertebral fractures on spine X-ray at entry.
However, in the publication, a series of other ex-
clusion criteria were added: 

Women with diseases affecting the bone metab-
olism or who had taken oral biphosphonates for
more than 3 years. If they had taken biphospho-
nates for less than 3 years, they were eligible for
the trial after 12 months without treatment.

This exclusion criteria leads to uncertainty in iden-
tifying efficacy and adverse effects in women who
have been under biphosphonates over three years.
A considerable proportion of women take bisphos-
phonates in the long-term. Therefore, there is no
data to support the use of denosumab in these
women. On the other hand, in women who re-

ceived biphosphonates for less than 3 years, a
washout period of 12 months was established. At
no point is this measure justified. Biphosphonates
are drugs that accumulate in the bone and their ef-
fects last over the years after suspension of treat-
ment.

Women who had received intravenous bisphos-
phonates, fluoride, or strontium for osteoporosis
within the past 5 years.

As before, there is no justification offered for this
exclusion. It is understood that women who are
under the effects of other bone treatments are to
be excluded. However, patients who had received
intravenous bisphosphonate therapy more than 5
years ago probably would still be under its effects
during the FREEDOM trial because of the above
mentioned characteristic of bone accumulation. 

Women who received parathyroid hormone or its
derivatives, corticosteroids, systemic hormone-
replacement therapy, selective estrogen-recep-
tor modulators, or tibolone, calcitonin, or cal-
citriol within 6 weeks before study enrollment.

Nor is it demonstrated in the case of these drugs
that the washout period should ideally last for 6
months. 

Results

Eficacy

In the publication of the trial there is no informa-
tion whatsoever on other medications, comorbidi-
ties or health status in both groups. We cannot
know whether the groups are balanced. 

In the table 2 it can be observed that denosumab
reduces morphometric vertebral fractures by
4.8% in absolute terms after 3 years of treatment.
However, clinical vertebral fractures are reduced
by 1.8% only after 3 years under denosumab,
which means that 55 women need to be treated
for 3 years in order to avoid one symptomatic ver-
tebral fracture. 

FDA experts solicited data to investigate vertebral
fracture at yearly intervals. In the FDA report, the
fracture data was descriptively presented as the
number and percentage of vertebral fractures
within each 1-year time interval for year 1, year 2,
and year 3. In their opinion, the results were
“counterintuitive” since one would expect the per-
centage to either decrease or remain the same
but, on the contrary, it inexplicably fluctuated
(table 3). 

The FREEDOM trial
presents many
questionable

methodological aspects
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On the other hand, a 0.3% absolute reduction in
hip fracture risk (secondary endpoint) was ob-
served. The hazard ratio showed a statistically sig-
nificant lower risk in the denosumab group but the
absolute difference did not reach statistical signif-
icance. The hazard ratio normally magnifies the
differences between groups with respect to the
absolute difference values. This gives us the idea
that the efficacy of denosumab is questionable.  

Because of the absolute risk reduction for hip frac-
ture not being statistically significant, the FDA re-
viewers decided to further investigate hip fracture
at yearly intervals. According to the reviewers the
results are “counterintuitive.” In comparison with
the observed incidence of the first year, in the
denosumab group there is a reduction in the sec-
ond year, and an increase in the third year. The
percentage within the third year is greater in the
denosumab group compared to the placebo
group, suggesting that the proportion of hip frac-
tures in the denosumab group has caught up with
that in the placebo group. In the placebo group hip
fractures were reduced by half in the third year
(table 4)10.

Another point is that no information is provided
about what types of fractures were included as
“non-vertebral fracture”, nor is there information
on the incidence of fractures according to their lo-
cation in each group. 

With regard to withdrawals, the published trial in-
dicates that 82% of the patients completed the tri-
al, and 76% received all the injections. No infor-
mation is given on withdrawals in the different
study groups, which is a minimum to be offered in
a paper11. However, in the EMA’s report this infor-
mation can be found12. 

The trial was carried out in countries in different
continents. There is no information on the results
according to geographical region. It would be in-
teresting to know whether there were any differ-
ences or the data were consistent across the dif-
ferent sites where the trial was carried out. 

Safety

The authors affirm that there were no differences
between denosumab and placebo in the total inci-
dence of adverse effects, severe adverse reac-
tions, and withdrawals due to adverse reactions.
That is the safety profile is similar to placebo. This
is very strange and does not coincide with the data
available on denosumab from regulatory agencies.
The EMA makes a special emphasis on some of
the adverse reactions specific to denosumab like
hypocalcemia, skin infections, jaw osteonecrosis
(just like bisphosphonates), cataracts, and divertic-

ulitis13. The FDA published an alert on the the pos-
sibility that denosumab increases the risk of severe
infections, adverse skin effects, and inhibits bone
resorption, giving way to jaw osteonecrosis 14.

In the description of adverse effects in the FREE-
DOM trial, it is noteworthy to say that the placebo
group presented a statistically significant greater
amount of falls and concussions (table 5). The
sensation is that study groups were not well bal-
anced. 

Another reason of concern about safety results is
that the committee of experts evaluated the data
without blinding, that is, at every moment they
knew what treatment the patients who presented
an adverse reaction were receiving. In the publica-
tion there was no indication on the composition of
the expert committee or on the existence of any
potential conflicts of interest. 

Duration of the FREEDOM trial 

Follow-up of these patients was for 3 years. It is
known that bisphosphonates cause important
safety problems in the long term (over 3 years).
Some of these problems are shared by denosum-
ab, as in the case of jaw osteonecrosis. Thus the
reasonable duration for the study should have
been longer. Recently, the continuation of the
FREEDOM trial was published with results after 5
years of follow-up but unfortunately, after 3 years
the placebo arm was discontinued and patients in
both groups were given denosumab15. For this
reason, we do not have valid information on the
effects of denosumab in the long term. 

The severe 
irregularities detected 
in the inspections raise

concern about 
the veracity of the

published data
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Risk of bias

In clinical trials, there are some aspects of design,
development and data reporting that may increase
the risk of bias with regard to the results and con-
clusions. This risk analysis orients us toward the
credibility of the study. The Cochrane collabora-
tion has developed a tool to determine the risk of
bias in clinical trials16. In the publication of the
FREEDOM trial there is no information on the se-
quence generation or allocation concealment and
data on withdrawals are incomplete. However in
the EMA’s report some information regarding
these issues is available. Perhaps, one of the key
aspects in the quality of this study is that blinding
was inadequate, as there is acknowledgement of
the open (not blinded)monitoring of the safety da-
ta every 6 months. 

On the other hand, the trial does not offer suffi-
cient information to ensure that the patients in
both groups were well balanced. There is no infor-
mation on concomitant medication or on comor-
bidities of the subjects under study. 

Protocol violations and data manipulation
in the FREEDOM trial

According to the EMA’s report12, the FREEDOM tri-
al has been subjected to at least 3 inspections
(pages 19, 20, 24 and 25). One of them was car-
ried out by the authorities in Lithuania in one of the
centres participating in this trial. The irregularities
observed were of such calibre that it was decided
to withdraw all patients from this centre in the trial. 

The EMA ordered more inspections in other par-
ticipating centres of and the CRO (Contractual Re-
search Organization) which was subcontracted to
implement the trial and perform the assessments
of X-rays and DXA-scans. In the centres evaluat-
ed, severe protocol violations were discovered.
Among them, fracture status could be changed
from “incident” to “prevalent” without adjudica-
tion of the X-ray investigation. In fact, fracture sta-
tus was changed by a late reader for 288 trial sub-
jects, and fracture status at screening was
changed for more than 75% of these subjects. In-
explicably, the patients from these two centres
were not excluded for the analysis. 

With respect to the CRO inspections, serious ir-
regularities were observed that had already been
detected in a previous inspection and it was con-
firmed that insufficient corrective or preventive ac-
tions had been implemented. The EMA recom-
mends that a follow-up inspection on the CRO
should be performed. Surprisingly, the report con-
cludes that “the re-inspection will not be a part of
the Prolia (denosumab) application.”
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Table 3. Number and percentage of new vertebral fractures within each 1-year time interval.

YEAR 1 YEAR 2 YEAR 3

Individuals (n) Fractures, n (%) Individuals (n) Fractures, n (%) Individuals (n) Fractures, n (%)

Denosumab 3902 23 (0.59) 3551 17 (0.48) 3323 46 (1.38)

Placebo 3906 49 (1.25) 3503 89 (2.54) 3175 126 (3.97)

Adapted from the FDA10.

Table 4. Number and percentage of hip fractures within each 1-year time interval.

YEAR 1 YEAR 2 YEAR 3

Individuals (n) Fractures, n (%) Individuals (n) Fractures, n (%) Individuals (n) Fractures, n (%)

Denosumab 3902 10 (0.26) 3676 4 (0.12) 3477 12 (0.34)

Placebo 3906 20 (0.51) 3672 14 (0.38) 3430 9 (0.26)

Adapted from the FDA10.
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Conclusions 

Denosumab has shown efficacy compared to
placebo in the reduction of morphometric
vertebral fractures, an endpoint of dubious
clinical relevance. 

Data on prevention of hip fractures are
inconclusive.

Safety data published do not concur with the
drug information available from regulatory
agencies. There is no information on long-term
safety. 

There are no comparative data with
bisphosphonates.

Due to the exclusion criteria in the trial, the
results are not applicable to women previously
treated with bisphosphonates.

Given the high risk of bias of the FREEDOM
trial, the conclusions derived from this study
should be considered with precaution.
Furthermore, the serious irregularities found in
the trial inspections raise concern on the
veracity of the published data.

Table 5. Adverse events.

EVENTS DENOSUMAB (N=3886) PLACEBO (N=3876) P

All 3605 (92.8) 3607 (93.1) 0.91

Serious 1004 (25.8) 972 (25.1) 0.61

Fatal 70 (1.8) 90 (2.3) 0.08

Leading to study discontinuation 93 (2.4) 81 (2.1) 0.39

Leading to discontinuation of a study drug 192 (4.9) 202 (5.2) 0.55

Adverse events:

Infection 2055 (52.9) 2108 (54.4) 0.17

Cancer 187 (4.8) 166 (4.3) 0.31

Hypocalcemia 0 3 (0.1) 0.08

Osteonecrosis of the jaw 0 0 n.a.

Serious adverse events:

Cancer 144 (3.7) 125 (3.2) 0.28

Infection 159 (4.1) 133 (3.4) 0.14

Cardiovascular event 186 (4.8) 178 (4.6) 0.74

Stroke 56 (1.4) 54 (1.4) 0.89

Coronary heart disease 47 (1.2) 39 (1.0) 0.41

Peripheral vascular disease 31 (0.8) 30 (0.8) 0.93

Atrial fibrillation 29 (0.7) 29 (0.7) 0.98

Adverse events occurring in at least 2% of subjects:

Eczema 118 (3.0) 65 (1.7) <0.001

Falling 175 (4.5) 219 (5.7) 0.02

Flatulence 84 (2.2) 53 (1.4) 0.008

Serious adverse events occurring in at least 0.1% of subjects:

Celullitis (including erysipelas) 12 (0.3) 1 (<0.1) 0.002

Concussion 1 (<0.1) 11 (0.3) 0.004
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