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Systematic review of role of bisphosphonates on skeletal
morbidity in metastatic cancer
J R Ross, Y Saunders, P M Edmonds, S Patel, K E Broadley, S R D Johnston

Abstract
Objective To review the evidence for the use of
bisphosphonates to reduce skeletal morbidity in
cancer patients with bone metastases.
Data sources Electronic databases, scanning reference
lists, and consultation with experts and
pharmaceutical companies. Foreign language papers
were included.
Study selection Included trials were randomised
controlled trials of patients with malignant disease
and bone metastases who were treated with oral or
intravenous bisphosphonate compared with another
bisphosphonate, placebo, or standard care. All trials
measured at least one outcome of skeletal morbidity.
Results 95 articles were identified; 30 studies fulfilled
inclusion criteria. In studies that lasted ≥ 6 months,
compared with placebo bisphosphonates significantly
reduced the odds ratio for fractures (vertebral 0.69,
95% confidence interval 0.57 to 0.84, P < 0.0001;
non-vertebral 0.65, 0.54 to 0.79, P < 0.0001; combined
0.65, 0.55 to 0.78, P < 0.0001), radiotherapy (0.67, 0.57
to 0.79, P < 0.0001), and hypercalcaemia (0.54, 0.36 to
0.81, P = 0.003) but not for orthopaedic surgery (0.70,
0.46 to 1.05, P = 0.086) or spinal cord compression
(0.71, 0.47 to 1.08, P = 0.113). The reduction in
orthopaedic surgery was significant in studies that
lasted over a year (0.59, 0.39 to 0.88, P = 0.009). Use of
bisphosphonates significantly increased time to first
skeletal related event but did not increase survival.
Subanalyses showed that most evidence supports use
of intravenous aminobisphosphonates.
Conclusions In people with metastatic bone disease
bisphosphonates significantly decrease skeletal
morbidity, except for spinal cord compression and
increased time to first skeletal related event.
Treatment should start when bone metastases are
diagnosed and continue until it is no longer clinically
relevant.

Introduction
Metastatic bone disease causes substantial morbidity
among cancer patients. Complications from bone
metastases include pathological fracture, hypercalcae-
mia, nerve root compression, spinal cord compression,
bone marrow infiltration, pain, and reduced mobility.1 2

Although there are many therapeutic options for the
treatment of such complications, none is completely

satisfactory, even when used in combination. These
patients continue to represent a major therapeutic
challenge for the clinician.

Bisphosphonates work by several different mecha-
nisms to reduce both bone resorption and bone
formation.3 4 In vitro work has shown that bisphospho-
nates may have a direct action on tumour cells—for
example, by inducing apoptosis, inhibiting matrix
metalloproteinase-1, and inhibiting adhesion of
tumour cells within the bone.5 Bisphosphonates can be
divided into two groups. Those resembling pyrophos-
phate (for example, clodronate, etidronate) act as ana-
logues of ATP and inhibit ATP dependent intracellular
enzymes. The second group—aminobisphosphonates
(for example, pamidronate, zoledronic acid)—inhibit
enzymes of the mevalonate pathway, disrupting the
signalling functions of key regulatory proteins.6–9 The
net effect in both groups is inhibition of osteoclast
function, which leads to a decrease in bone resorption.

We have assessed the evidence for the role of
bisphosphonates in the reduction of skeletal morbidity
in patients with bone metastases. We looked at who
would benefit from treatment, when treatment should
be started, and for how long it should be continued. We
also compared different drugs, routes of administra-
tion, and tolerability.

Methods
Inclusion criteria
We included randomised controlled trials of patients
with proved malignant disease and bone metastases.
All trials measured at least one skeletal morbidity out-
come. We included patients with multiple myeloma but
excluded other haematological malignancies. Interven-
tion could be either oral or intravenous bisphospho-
nate in the experimental group compared with
another bisphosphonate, placebo, or standard care.

Outcome measures
Our primary outcome measures were time to first skel-
etal related event and reduction in skeletal morbidity
assessed by pathological fractures (vertebral, non-
vertebral, combined), radiotherapy to bone metastases,
spinal cord compression, orthopaedic surgery, and
hypercalcaemia. We did not include pain relief as an
end point because another systematic review analysing
this effect has recently been published.10 Secondary
analyses determined the efficacy of bisphosphonates
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over time, the efficacy of one bisphosphonate over
another, and the effect in different disease groups, spe-
cifically breast cancer and multiple myeloma, and com-
pared routes of administration.

Identification of studies
We identified studies by searching electronic databases,
scanning reference lists of articles, and consulting
experts in the specialty (United Kingdom and abroad)
and drug companies for unpublished data. The search
strategy included cancer terms, bisphosphonates (cas
numbers, generic, chemical and trade names (UK and
foreign), and a recognised filter for identifying
randomised controlled trials.11 No limit was applied to
language; nine foreign papers were translated from
Russian, Chinese, and European languages. This
search was applied to Medline (1966-present) and

CancerLit (1975-present) and adapted for Embase
(1980-present), Science Citation Index Expanded
(1981-present), and pre-Medline electronic databases.
We also reviewed Cochrane databases and the
database of abstracts of reviews of effectiveness
(DARE). (The full electronic search strategy is available
from authors). The last search was run on 19 June
2001. In addition, we hand searched Journal of Clinical
Oncology 2001, European Journal of Cancer 2001, and
Bone 2001 and meeting abstracts (1999-2001).

We reviewed the titles and abstracts of articles iden-
tified by the search strategy and identified possible
articles. If no electronic abstract was available, or it was
unclear, we obtained full text articles. Studies were then
assessed by two independent reviewers using
inclusion-exclusion sheets and data extraction forms
developed for this review.

All randomised controlled trials were assessed and
graded for allocation concealment according to
Cochrane guidelines12 (A-adequate; B-unclear;
C-inadequate; D-not used). Blinding of studies was
recorded as open, single blind, or double blind. All
studies were included at this stage, irrespective of
blinding or allocation concealment.

Data synthesis
For most studies, we extracted outcome data in
dichotomous form as proportions and used �2 tests to
compare groups. All analyses were performed with
StatXact.13 For studies combined in a meta-analysis, we
used odds ratios as a summary measure for each
outcome. Studies were weighted with the inverse
variance method. As we expected clinical heterogen-
eity to exist between studies we decided a priori that a
random effects model would be applied to all
meta-analyses.

Results
Forty seven papers describing 30 studies fulfilled the
inclusion criteria for this review (fig 1). Data extracted
from 18 studies were eligible for inclusion in the meta-
analyses. The meta-analysis also included three large
trials of zoledronic acid, which were unpublished at the
time of inclusion in this review. We obtained full written
permission to use these data. We are aware of further
unpublished trials of ibandronic acid but were not able
to include the data in this review. Details of all included
(table A) and excluded (table B) trials plus a complete
list of references (w1-w98) can be found on bmj.com.

For three of the 18 studies, data could be used only
for time to first skeletal related event. Of the remaining
studies, three compared two bisphosphonates and 12
compared a bisphosphonate with placebo or control.

Primary end points
Compared with placebo, bisphosphonates significantly
reduced the odds ratio for vertebral fractures (0.69,
95% 0.57 to 0.84, fig 2), non-vertebral fractures (0.65,
0.54 to 0.79, fig 3), combined fractures (0.65, 0.55 to
0.78, fig 4), radiotherapy (0.67, 0.57 to 0.79, fig 5), and
hypercalcaemia (0.54, 0.36 to 0.81, fig 6) but not ortho-
paedic surgery (0.70, 0.46 to 1.05, fig 7) or spinal cord
compression (0.71, 0.47 to 1.08, P = 0.113, fig 8). The
risk of an individual skeletal related event for those
taking bisphosphonates was 65% of the risk in patients
not taking bisphosphonates for non-vertebral frac-

95 articles

Included Excluded

47 papers

12 studies

48 papers

Protocol onlyw1 Studies lasted <6 months25-28

Methodological
issues w21 w23 w34 w36

No skeletal morbidity data in textw19

Data only given as No of eventsw8 w9

Compared BP v BPv w6 w14 w49

Data only used for time
to first skeletal related

event and survival
17 21 w31

30 studies
(two abstracts24 w14/three unpublishedw45 w47 w49)

Meta-analyses
18 studies

Skeletel morbidity
outcomes
Fixed time points n=7
Median time on study n=5

Disease groups
Breast n=5
Multiple myeloma n=4
Prostate n=1
Mixed diagnoses n=2

Drugs
Clodronate n=5
Pamidronate n=4
Zoledronic acid n=2
Etidronate n=1

Fig 1 Flow diagram of studies (see table A on bmj.com for full
details of the 47 included studies and table B on bmj.com for details
of the 48 excluded studies)

McCloskey (1998)18

Hortobagyi (1998)15

Theriault (1999)20

Berenson (1998)25

Unpublished Cw49

Paterson (1993)19

Unpublished Aw45

Combined

41/264

47/185

50/182

31/196

25/435

38/85

33/523

265/1870

60/272

51/197

58/189

49/181

17/208

46/88

30/250

311/1385

-3 -2 -1 0 1 2
Favours bisphosphonate Favours control

Treatment

Vertebral fractures

Control

0.65 (0.42 to 1.01)

0.98 (0.62 to 1.54)

0.86 (0.55 to 1.34)

0.51 (0.31 to 0.84)

0.69 (0.36 to 1.30)

0.74 (0.41 to 1.34)

0.49 (0.29 to 0.83)

0.69 (0.57 to 0.84)

Odds ratio
(95% CI)

Fig 2 Forest plot for vertebral fractures (3238 patients)
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tures, 69% for vertebral fractures, 67% for radio-
therapy, and 54% for hypercalcaemia.

Ten studies included in the analyses recorded time
to first skeletal related event for patients treated with
bisphosphonate versus control (including two unpub-
lished studies (A and C), R Murphy, Novartis, personal
communication).14–21 We could not statistically combine
data from different studies. Eight studies showed a sig-
nificant increase in time to first event for patients who
received bisphosphonate: four used intravenous
pamidronate,14–16 20 two used intravenous zoledronic
acid (studies A and C, R Murphy, Novartis, personal
communication), and two used oral clodronate.17 21 In
contrast two studies that used oral clodronate18 19 did
not show a significant difference in time to first event.
One study that compared zoledronic acid with pamid-
ronate showed no difference in time to first event
between the two drugs (study B, R Murphy, Novartis,
personal communication).

Secondary end points
Time—Table 1 shows the results of analysis of individual
skeletal morbidity by time. Reduction in the need for
radiotherapy was significant at six months, episodes of
hypercalcaemia at six months, and non-vertebral
fractures at 12 months. The need for orthopaedic sur-
gery progressively decreased with narrowing of the
confidence interval over time, reaching significance at
24 months. Studies of less than six months’ duration
did not show significant results for any skeletal
morbidity outcome.22–25

Disease groups—In the five trials among patients
with breast cancer, compared with placebo bisphos-
phonates significantly reduced the odds ratio for non-
vertebral fractures (0.80, 95% confidence interval 0.64
to 0.99), combined fractures (0.75, 0.61 to 0.93), radio-
therapy (0.65, 0.54 to 0.79), orthopaedic surgery (0.59,
0.43 to 0.83), and hypercalcaemia (0.43 ,0.29 to 0.63)
but not spinal cord compression (0.87, 0.44 to 1.73) or
vertebral fractures (0.87, 0.71 to 1.06). By contrast, in
the three trials among patients with multiple myeloma,
the odds ratios were significantly reduced for vertebral
fractures (0.58, 0.42 to 0.81) but not for hypercalcaemia
(0.97, 0.69 to 1.37). In one trial that studied patients
with prostate cancer the odds ratio was significantly
reduced for combined fractures (0.57, 0.38 to 0.89)
(study C, R Murphy, Novartis, personal communica-
tion). Two trials included patients with various cancer
diagnoses (study A, R Murphy, Novartis, personal com-
munication).26

Route of administration—Six trials studied intra-
venous bisphosphonates (pamidronate, zoledronic
acid) versus placebo or control (studies (A and C), R
Murphy, Novartis, personal communication).15 16 20 27

Results were similar to those from the primary analysis
(table 2). Treatment with oral bisphosphonates (five
trials; four clodronate,18 19 26 28 one etidronate29) signifi-
cantly reduced the odds ratio for vertebral and
non-vertebral fractures (table 2). The reduction in
radiotherapy was not significant, but only 193 patients
contributed to this analysis. The reduction in hypercal-
caemia was also not significant, but this analysis was
weighted by one study in patients with myeloma,18

which contributed over half of the 1064 patients.
Individual bisphosphonate—Pamidronate signifi-

cantly reduced all skeletal morbidity end points except

spinal cord compression. Zoledronic acid studies
showed similar results but were shorter and therefore
the reduction in orthopaedic surgery did not reach sig-
nificance (0.66, 0.39 to 1.14, P = 0.135). One trial
directly compared pamidronate with zoledronic acid

McCloskey (1998)18

Hortobagyi (1998)15

Theriault (1999)20

Unpublished Cw49

Paterson (1993)19

Elomaa (1983)w26

Hultborn (1999)16

Berenson (1998)25

Unpublished Aw45

Combined
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66/182

44/435

19/85

1/17

30/201
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47/523
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0.49 (0.31 to 0.77)

0.87 (0.57 to 1.32)

0.60 (0.37 to 0.97)

0.77 (0.38 to 1.54)

0.20 (0.02 to 2.05)

0.97 (0.57 to 1.68)

0.49 (0.30 to 0.80)

0.75 (0.46 to 1.23)

0.65 (0.54 to 0.79)

Odds ratio
(95% CI)

Fig 3 Forest plot for non-vertebral fractures (3376 patients)
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2.26 (0.38 to 13.51)

0.65 (0.55 to 0.78)
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Fig 4 Forest plot for combined fractures (2587 patients)

Table 1 Summary statistics from pooled analysis at fixed time points for effect of
bisphosphonates on radiotherapy, non-vertebral fractures, orthopaedic surgery, and
hypercalcaemia in patients with metastatic bone disease

Months of
treatment No of studies No of patients Odds ratio (95% CI) P value

Radiotherapy

6-11 4 1903 0.60 (0.47 to 0.77) 0.0001

12-17 5 1807 0.54 (0.38 to 0.76) 0.0001

18-23 3 1130 0.58 (0.44 to 0.76) 0.0001

≥24 2 753 0.56 (0.40 to 0.78) 0.001

Non-vertebral fractures

6-11 4 1903 0.75 (0.50 to 1.14) 0.179

12-17 4 1430 0.68 (0.48 to 0.96) 0.031

18-23 2 753 0.68 (0.41 to 1.12) 0.129

≥24 2 753 0.65 (0.37 to 1.14) 0.132

Orthopaedic surgery

6-11 3 1526 0.92 (0.36 to 2.35) 0.866

12-17 3 1396 0.61 (0.37 to 1.01) 0.054

18-23 2 753 0.52 (0.26 to 1.05) 0.067

≥24 2 753 0.49 (0.28 to 0.86) 0.013

Hypercalcaemia

6-11 5 1916 0.42 (0.24 to 0.74) 0.003

12-17 5 1807 0.50 (0.28 to 0.90) 0.02

18-23 3 1130 0.56 (0.27 to 1.17) 0.12

≥24 2 753 0.42 (0.34 to 0.51) 0.0001
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and did not show any difference between the two drugs
(study C, R Murphy, Novartis, personal communica-
tion). Trials of clodronate were smaller, and only the
results for vertebral and non-vertebral fractures
reached significance.

Survival and toxicity —None of the individual studies
found a significant difference in survival between
patients treated with bisphosphonates and controls.
Few data could be extracted from papers regarding
performance status or quality of life because of incon-
sistencies in both the populations studied and the use
of outcome measures. All bisphosphonates were well
tolerated. Generally oral medications were associated
with increased incidence of gastrointestinal side effects,
but these were often reflected in placebo groups. Ami-

nobisphosphonates were associated with a higher pro-
portion of acute phase reactions.

Discussion
This systematic review supports the use of bisphospho-
nates to reduce skeletal morbidity in cancer patients
with metastatic bone disease. Though some evidence
based guidelines have been developed,30 31 clinical
practice varies between centres. We have provided
some answers relating to the clinical use of
bisphosphonates.

Interpretation from available evidence—primary
analyses
Bisphosphonates reduce skeletal morbidity in cancer
patients with metastatic bone disease. The primary
analyses show a highly significant reduction in
fractures, need for radiotherapy, and hypercalcaemia in
patients receiving bisphosphonates. The reduction in
need for orthopaedic surgery becomes significant with
time, the odds ratio being 0.587 (0.393 to 0.875,
P < 0.009) for studies that lasted at least 12 months.
There was no reduction in the incidence of spinal cord
compression. This is a rare event compared with other
skeletal morbidity end points, and studies were insuffi-
ciently powered to show a difference between bisphos-
phonates and control. Additionally spinal cord
compression can be caused by non-osseous metastases.

As we used an extensive search strategy and broad
inclusion criteria, we believe this study is as complete as
possible. Though unpublished work has not been peer
reviewed, included studies were critically assessed and
met Cochrane criteria for robust methodology. We are
aware of unpublished work that we were unable to
include, which may result in publication bias. Any
future updates would include data once it has become
available in the public domain.

We were unable to include results of all of the stud-
ies in the meta-analyses because of differences in the
way results were reported. Our attempts to contact all
authors for raw data were rarely successful. Sensitivity
analyses were not performed as this would have
resulted in inclusion of recent larger studies and exclu-
sion of older studies performed when the reporting of
methodology was less robust, which may have
introducing an element of bias.

Interpretation from available evidence—secondary
analyses
Most of the trials of bisphosphonates have been
performed in patients with breast cancer and multiple
myeloma. The increased reduction in vertebral
fractures in patients with myeloma compared with
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Fig 5 Forest plot for radiotherapy (3140 patients)
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0.28 (0.10 to 0.77)

0.12 (0.02 to 0.55)

0.19 (0.01 to 4.21)
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Fig 6 Forest plot for hypercalcaemia (3894 patients)

Table 2 Meta-analyses of comparison of effect of intravenous versus oral bisphosphonates on skeletal morbidity in patients with
metastatic bone disease

Outcome

Intravenous Oral

No of patients Odds ratio (95% CI) P value No of patients Odds ratio (95% CI) P value

Vertebral fractures 2543 0.69 (0.52 to 0.91) 0.009 695 0.68 (0.48 to 0.97) 0.032

Non-vertebral fractures 2947 0.78 (0.63 to 0.96) 0.018 729 0.59 (0.37 to 0.93) 0.024

Combined fractures 2543 0.64 (0.53 to 0.77) 0.0001 632 0.93 (0.35 to 2.50) 0.89

Radiotherapy 2947 0.66 (0.56 to 0.78) 0.0001 193 0.39 (0.09 to 1.79) 0.228

Orthopaedic surgery 2570 0.70 (0.46 to 1.05) 0.086 — — —

Hypercalcaemia 2930 0.40 (0.22 to 0.73) 0.003 1064 0.78 (0.51 to 1.20) 0.263
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patients with breast cancer may be explained by more
active disease in the vertebrae in myeloma patients.
Lack of reduction in hypercalcaemia in patients with
myeloma was surprising but may reflect mechanisms
other than action of parathyroid hormone related pro-
tein and cytokines32; in particular renal handling of cal-
cium may be impaired.32 33 Two recently released
Cochrane reviews have looked at these disease groups,
and their results are consistent with our findings.34 35

Regarding other disease groups, one study in
patients with prostate cancer showed a significant
reduction in combined fractures and a trend towards a
reduction in radiotherapy (study C, R Murphy,
Novartis, personal communication). This study did not
last long enough to show a reduction in orthopaedic
surgery. Preliminary results from another study in
patients with prostate cancer also indicated that
treatment delays the development of skeletal morbid-
ity.36 The case is less clear for patients with other solid
tumours, particularly those that have shorter prog-
noses (less than six months). Some of the trials in the
primary analysis included patients with various
tumours (study A, R Murphy, Novartis, personal
communication)26 but individual data could not be
extracted.

Most patients in clinical trials had osteolytic bone
metastases on imaging studies. Recent guidelines from
the American Society for Clinical Oncology (ASCO)
for management of breast cancer recommend the use
of bisphosphonates if there is lytic bone destruction.30

They note that there is insufficient evidence to recom-
mend bisphosphonates for asymptomatic patients with
an abnormal result on a bone scan. However, our
results suggest that bisphosphonates should be started
at diagnosis of bone metastases as time to first skeletal
related event can be significantly delayed. This delay is
likely to result in cost savings for the NHS.37 While it is

also probable that patients’ quality of life will be
improved by early treatment and subsequent delay in
time to skeletal morbidity, there are few data on quality
of life from existing trials to support this premise.

Clinical inferences
Our findings show that bisphosphonates need to be
given for at least six months before an effect is seen on
skeletal morbidity outcomes. Studies that lasted less
than six months did not show a reduction in skeletal
related events,22–25 although this may reflect the small
numbers and low event rates in these studies. In
addition, a reduction in orthopaedic surgery was not
seen until 12-24 months. The ASCO guidelines for
breast cancer accept that the optimal duration of
bisphosphonate therapy is unknown. A recent
randomised controlled trial that used bisphosphonates
in the adjuvant setting (that is, before bone metastases
have developed) found that initial benefits were not
maintained once the drug was discontinued.38 Bisphos-
phonates are ingested by osteoclasts, which subse-
quently die, removing the drug from the site of bone
resorption. This may explain the need to continually
reload the bone with bisphosphonate. We recommend
that bisphosphonates are continued until no longer
clinically relevant. This is supported by ASCO
guidelines.30

It was difficult to separate the effect of the drug
from the route of administration as the aminobisphos-
phonates pamidronate and zoledronic acid are given
intravenously whereas the principal oral agent was the
non-aminobisphosphonate clodronate. We did not
find any peer reviewed published studies that provided
a direct randomised comparison between oral and
intravenous bisphosphonates. One trial directly com-

What is already known on this topic

Individual studies have shown that patients with
breast cancer who receive bisphosphonates to
treat skeletal morbidity may experience a benefit

The magnitude of benefit, who to treat, when to
treat, and for how long remains unclear

What this study adds

For patients with cancer and bone metastases,
pooled results show that treatment with
bisphosphonates is associated with a significant
reduction in all skeletal morbidity end points
except spinal cord compression

Bisphosphonates significantly increase the time to
first skeletal related event, suggesting they should
be started when bone metastases are diagnosed

Bisphosphonates reduce skeletal morbidity and
should be continued until no longer clinically
relevant; they do not affect survival

Most evidence supports the use of intravenous
aminobisphosphonates, but further studies are
needed to determine best drug and route
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pared pamidronate with zoledronate and showed no
difference in efficacy (study B, R Murphy, Novartis, per-
sonal communication).

Intravenous bisphosphonates have better bioavail-
ability than oral bisphosphonates.39 40 The pooled
results of trials that used intravenous bisphosphonates
were highly significant and mirror the primary
analysis. In comparison, oral bisphosphonates showed
a significant reduction in only vertebral and non-
vertebral fractures, but numbers contributing to the
analysis were small. Therefore, at present, most
evidence supports the use of intravenous aminobi-
sphosphonates. All bisphosphonates are well tolerated
with a low incidence of serious side effects37 and may be
administered safely over a period of years.41

Further research is needed to determine the
optimum regimen required to treat patients with bone
metastases. Clinical trials of bisphosphonates in other
disease groups are needed. Results from current studies
that are using bisphosphonates in the adjuvant setting to
prevent or delay the development of bone metastases in
high risk patients are awaited with interest.
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