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AlM

A growing body of evidence suggests that bisphosphonates may have
chemopreventive potential against colorectal cancer. Our aim was to
examine this association through a meta-analysis of observational
studies.

METHODS

A comprehensive search for relevant articles published up to October
2012 was performed, reviews of each study were conducted and data
were abstracted. Prior to meta-analysis, the studies were evaluated for
publication bias and heterogeneity. Pooled relative risk (RR) estimates
and 95% confidence intervals (Cls) were calculated using the random
effects and the fixed effects models. Subgroup and sensitivity analyses
were also performed.

RESULTS

Eight large population-based epidemiological studies (one
case-control, two nested case-control analyses within a cohort and five
cohort studies), involving more than 630 000 participants, contributed
to the analysis. We found no evidence of publication bias. However,
significant heterogeneity was detected among the cohort studies. The
analysis revealed a significant protective association between
bisphosphonate use and colorectal cancer risk (fixed RR = 0.85,95% Cl
0.80, 0.90, random RR = 0.85,95% Cl 0.75, 0.96). When the analysis was
stratified into subgroups according to study design, the association
was inverse in both case-control and cohort studies, but only in the
former was it statistically significant. The sensitivity analysis confirmed
the stability of our results. Furthermore, we found evidence for a dose
effect; Long term bisphosphonate use was associated with a 27%
decrease in the risk of developing colorectal cancer as compared with
non-use (RR=0.73,95% Cl 0.57,0.93).

CONCLUSION

Our findings support a protective effect of bisphosphonates against
colorectal cancer. However, further evidence is warranted.

© 2013 The Authors
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Introduction

Bisphosphonates (BPs) comprise a class of drugs that
inhibit osteoclast-mediated bone resorption and reduce
the release of calcium into the blood stream [1]. They are
prescribed for the prevention or treatment of osteoporosis
[2, 3] and the treatment of bone metastases in patients
with breast cancer [4]. Their use is rapidly increasing world-
wide [5, 6].

A growing body of preclinical data suggests that BPs
may have chemopreventive potential against colorectal
cancer.They have been shown to inhibit colorectal carcino-
genesis, reduce proliferation and induce apoptosis of
colon cancer cells [7-10]. However, the clinical relevance of
these findings remains unclear.The results of experimental
studies are difficult to extrapolate to humans, but they
cannot be dismissed. At a minimum, a further insight into
the role of BPs in human populations is needed.

Recently, some epidemiological studies examined the
relationship between BPs and colorectal cancer. The pub-
lication by Rennert etal. [11], which was a population-
based case-control study conducted in Israel, attracted the
most attention with a 59% reduction in the risk of colorec-
tal cancer among post-menopausal women. In contrast to
the results derived from this particular work, other obser-
vational studies did not support an association between
the use of bisphosphonates and colorectal cancer risk
[12,13].

Thus, the effect of BPs on the risk of colorectal cancer
remains undetermined. To address this issue, we con-
ducted a detailed meta-analysis of observational studies
published in the peer-reviewed literature.

Methods

Search strategy

To identify the studies of interest, we systematically
searched MEDLINE and SCOPUS databases for research
reports published up to 8 October 2012. Search terms
included: {bisphosphonate(s), diphosphonate(s), alendro-
nate, clodronate, etidronate, ibandronate, pamidronate,
risedronate or zoledronate} combined with {cancer(s), car-
cinoma(s), malignancy(ies), neoplasm(s) or tumour(s)} and
{colorectal, colon or rectal}. We scanned titles and abstracts
of the studies identified in the initial search and excluded
those that were clearly irrelevant. The full text of the
remaining articles was read to determine whether it con-
tained information on the topic of interest. The reference
lists of articles that included relevant information were also
reviewed for additional studies. Language restrictions
were not used.

Inclusion and exclusion criteria
This meta-analysis considered prospective or retrospective
epidemiological studies that evaluated exposure to BPs
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and risk of colorectal cancer. Articles were excluded from
the analyses for any of the following reasons: (i) they did
not evaluate BP use as a risk factor for colorectal cancer, (ii)
they did not provide a description of BP exposure and (iii)
there was insufficient published data for calculating a rela-
tive risk (RR) estimate or a confidence interval (Cl). We did
not assess the methodological quality of the primary
studies because quality assessment in meta-analysis is
controversial and results can be highly misleading [14, 15].
Instead, we performed detailed subgroup and sensitivity
analyses. We included in this synthesis studies reporting
different measures of relative risk (odds ratio, hazard ratio).
In practice, these measures of effect yield very similar esti-
mates of relative risk, since the absolute risk of colorectal
cancer is very low [16].

Data extraction

Two reviewers (SB, GN) abstracted the data independ-
ently. The following information was sought from each
study: (i) publication data: first author’s last name, year of
publication and geographical location of the study, (ii)
study design, (iii) number of participants, (iv) population
characteristics, (v) types of BPs used, (vi) RR estimates with
their 95% Cls and (vii) control for confounding factors by
matching or adjustments. In studies where more than one
estimate of effect (RR) was presented, we extracted the
estimates that reflected the greatest degree of control for
potential confounders. Differences in data extraction
were settled by consensus, referring back to the original
article.

Quantitative data synthesis

We used inverse-variance weighting to calculate fixed and
random effects summary estimates [17]. Publication bias
was evaluated using the Begg's adjusted rank correlation
test [18] and the Egger’s regression asymmetry test [19].To
examine whether the results of the studies were homoge-
neous, we used the Cochran'’s Q test [20] with a 0.10 level
of significance. We also calculated the quantity I? that
describes the percentage variation across studies that is
due to heterogeneity rather than chance [21]. We regarded
an I? value less than 40% as indicative of ‘not important
heterogeneity’and a value higher than 75% as indicative of
‘considerable heterogeneity’ [22].

Data were also stratified into subgroups on the basis
of study design aiming to examine consistency across
varying study designs with different potential biases.
Homogeneity was assessed overall and within this stratifi-
cation. To evaluate the stability of the results, we also per-
formed a ‘leave-one-out’ sensitivity analysis. The scope of
this approach was to evaluate the influence of individual
studies, by estimating the summary relative risk in the
absence of each study [23].

Because the documentation of a dose-response rela-
tion in a study lends support to a causal explanation
of a disease—exposure association [24], we attempted to



explore the relationship between duration of bisphospho-
nate use and risk of colorectal cancer. Therefore, we
grouped drug exposure as short term and long term. Short
term use included the RR estimates corresponding to the
shortest durations,and long term use included the RR esti-
mates for the longer durations of drug exposure, as
reported in the individual studies. The respective pooled
effect-estimates were calculated.

This work was conducted according to the MOOSE
guidelines [25] and the PRISMA statement [26]. For all tests
(except for heterogeneity), a probability level lower than
0.05 was considered statistically significant. All statistical
tests were two-sided. Stata 12 software was used for the
statistical analyses (Stata Corp., College Station, Texas,
USA).

Results

Search results

The initial computerized search yielded 377 literature cita-
tions (Figure 1). However, most abstracts were duplicates
or irrelevant to the topic of our analysis and were excluded
from full-text review. We retrieved 46 potentially eligible
publications. The full text was read and the reference
lists were carefully checked. Finally, we identified eight
population-based observational studies examining the
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association between bisphosphonate use and risk of color-
ectal cancer [11-13,27-31]. Among them, one had a case-
control design [11], two were nested case-control analyses
within a cohort [13, 30] and five were cohort studies [12,
27-29, 311. Four studies included only women [11, 12, 27,
28], while the other four included both genders [13,29-31].

In one case, two publications using data from the same
Danish population significantly overlapped.The first study
[31] examined the occurrence of all gastrointestinal
cancers in users of bisphosphonates and other antiresorp-
tive drugs against osteoporosis, while the second study
[28] specifically examined colorectal cancer risk among
post-menopausal women treated with alendronate. In an
attempt to choose the most appropriate report, we
decided to include the second study [28] in the meta-
analysis, because it was more recent and based on a larger
number of colorectal cancer cases (1683 [28] vs. 437 [31])
among alendronate users. In addition, we extracted from
the first study [31] and included in the meta-analysis, the
particular sub-cohort examining the occurrence of colon
cancer in users of etidronate.

It is also possible that some individuals within the
General Practice Research Database (GPRD) are included in
both the Green et al.[13] and the Cardwell et al.[29] analy-
ses. However, given the large size of the particular data-
base, even if there is an overlap between the two analyses
it should be minimal. Nevertheless, we also report the

Records identified through
MEDLINE database search
(n=151)

Records identified through
SCOPUS database search
(n=226)

Total number of records identified
and screened (n=377)

Articles excluded
based on title/abstract

(n=331)

A

Full-text articles assessed
(n=46)

v

Eligible studies included:
- Case-control studies (n=3)
- Cohort studies (n=5)

( Included J ( Eligibility J (ScreeningJ ( Identification J

Figure 1

Flow diagram
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Table 1

Studies included in the meta-analysis

Study Number of CRC Control for potential
location  Study design Bisphosphonate (BP) type subjects cases (95% CI) confounding factors*
Rennert et al. [11], 2011 Israel Case-control Any BP; Alendronate 94.7% 1866 933 0.67 (0.51,0.88) 1-13
Khalili et al. [12], 2012 USA Cohort Any BP 86 277 801 1.04 (0.82,1.33) 1,2,5,68-10, 13-24
Green et al. [13], 2010 UK Nested case-control ~ Any BP 63 663 10,641 0.87 (0.77,1.00) 1, 2,8, 15, 24-26
Chiang et al. [27], 2012 Taiwan Cohort Alendronate 27 603 518 1.02 (0.83,1.26) 1,2
Pazianas et al. [28], 2012 Denmark  Cohort Alendronate 153 030 1,683 0.69 (0.60,0.79) 1, 2,13, 27-31
Cardwell et al. [29], 2012 UK Cohort Any BP; Alendronate 70% 83 652 608 0.74 (0.60,0091) 1,2,8,15, 24, 25,32-35
Singh et al. [30], 2012 Canada Nested case-control  Alendronate 79.2%; Etidronate 59 667 5425 0.81 (0.72,092) 1,2, 27,3538
11.5%; Risedronate 9.2%
Vestergaard [31], 2011 Denmark  Cohort Etidronate 155 844 1,230 1.05 (0.92,1.20) 1,2, 39-46

*1, age; 2, gender; 3, residence; 4, ethnic group; 5, family history of CRC; 6, engagement in sports activity; 7, vegetable consumption; 8, body mass index; 9, statin use; 10, aspirin
use; 11, use of calcium supplements; 12, use of vitamin D supplements; 13, hormone replacement therapy; 14, race; 15, smoking status; 16, history of osteoporosis; 17, daily calcium
intake; 18, vitamin D intake; 19, folate intake; 20, red meat intake; 21, level of physical activity; 22, history of polyps; 23, history of screening; 24, alcohol intake; 25, participating
general practice; 26, observation period in the database; 27, Charlson comorbidity index score; 28, known ulcerative colitis; 29, known Crohn’s disease; 30, known coeliac disease;
31, amount of prednisolone, NSAID and ASA used in the last 12 months; 32, glucocorticoid steroid prescription; 33, vitamin D prescription; 34, calcium prescription; 35, NSAID
prescription; 36, length of stay in the province; 37, number of ambulatory care physician visits; 38, history of previous exposure to lower gastrointestinal endoscopy; 39, alcoholism;
40, use of inhaled bronchodilator or corticosteroid drug (proxy for smoking); 41, antacid drugs; 42, ASA or NSAID drugs; 43, marital status; 44, employment status; 45, income level;

46, history of gastric surgery.
Cl, confidence interval; CRC, colorectal cancer; RR, relative risk.

results of the sensitivity analysis, in which case, each study
is completely removed from the analysis.

For another study [30], where RR for colorectal cancer
was reported separately for the different types of bisphos-
phonates used, we calculated the study’s combined effect
estimate before inclusion in the meta-analysis.

The number of colorectal cancer cases ranged from 933
to 10641 in the case-control analyses, and from 518 to
1683 in the cohort studies. In six publications [11,27-31],
alendronate was the most commonly used bisphospho-
nate.The other two studies [12, 13] did not report in detail
the specific BP types that were used. All studies were con-
trolled for potential confounding factors by matching or
adjustments.

Five studies [11,13,28-30] reported a negative associa-
tion (RR < 1.0), while three studies [12, 27, 31] found a
positive relationship (RR> 1.0) between BP use and color-
ectal cancer. Four of the five studies reporting relative risks
lower than 1.0 had confidence intervals that did not
include unity [11, 28-30].

The publication dates of the studies included in the
meta-analysis ranged between 2010 and 2012. The study
designs, along with the RR estimates and the 95% Cls, are
shown in Table 1.

Meta-analysis of exposure to bisphosphonates
and colorectal cancer risk

Three case-control analyses [11, 13, 30] and five cohort
studies [12, 27-29, 31] evaluated exposure to BPs and
colorectal cancer risk. The meta-analysis encompassed
these eight population-based epidemiological studies,
which involved 631 602 individuals in total. Among them,
21 839 were colorectal cancer cases. The bisphosphonate
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use was significantly associated with a 15% decrease in the
risk of colorectal cancer (fixed effects model:RR=0.85,95%
Cl 0.80, 0.90 and random effects model: RR = 0.85, 95% Cl
0.75, 0.96). Figure 2 presents a Forest plot of the relative
risks and their 95% Cls from the primary studies,along with
the random-effects summary estimate.The P values for the
Begg's and the Egger’s test were P = 0.90 and P = 0.98,
respectively, suggesting the absence of publication bias.In
contrast, the Cochran’s Q test had a P value <0.001 (Q =
29.49 on 7 d.f) and the corresponding quantity I> was 76%,
indicating considerable heterogeneity among the studies
(Table 2).

To examine the consistency of meta-analytic findings
across varying study designs with different potential
biases, we stratified data into subgroups on the basis of
study design. When the analysis was restricted to the
cohort studies, the inverse association between bisphos-
phonate use and risk of colorectal cancer was significant
assuming a fixed effects model (RR = 0.88, 95% Cl 0.81,
0.95), but lacked significance in the random effects
approach (RR = 0.89, 95% CI 0.73, 1.09). However, the
random-effects model is generally thought to be more
appropriate, because it provides a more conservative esti-
mate of the pooled effect size. The P values for the Begg’s
and the Egger’s tests for publication bias were P=0.99 and
P =0.79, respectively. In contrast, the Cochran’s Q test had
a Pvalue <0.001, and the quantity I> was 84%, indicating a
large degree of heterogeneity among the cohort studies
(Table 2).

On the other hand, when the analysis included only the
case-control studies, the Cochran’s Q test had a P value of
0.23 (Q =293 on 2 d.f.) and the quantity I* was 32%, indi-
cating the homogeneity of the case-control estimates.The
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Forest plot: meta-analysis of bisphosphonate use and risk of colorectal cancer. The relative risks and their 95% confidence intervals are displayed on a

logarithmic scale. Pooled estimate is from a random effects model

Table 2

Meta-analysis results

Fixed effects model
Number of

Random effects model

Tests of publication bias
Begg's Egger’s

Tests of homogeneity

studies RR (95% CI) RR (95% CI) Q value (d.f.) P value P value P value

- Case-control analyses 3 0.82 (0.75, 0.89) 0.81 (0.73, 0.91) 2.93(2) 0.23 32% 0.99 0.36
- Cohort studies 5 0.88 (0.81, 0.95) 0.89 (0.73, 1.09) 25.21 (4) <0.001 84% 0.99 0.79
All studies combined 8 0.85 (0.80, 0.90) 0.85 (0.75, 0.96) 29.49 (7) <0.001 76% 0.90 0.98
- Short term use 6 0.91 (0.82, 1.00) 0.93 (0.80, 1.08) 11.29 (5) 0.046 56% 0.26 0.24
- Long term use 6 0.78 (0.66, 0.91) 0.73 (0.57, 0.93) 9.47 (5) 0.092 47% 0.060 0.11

Cl, confidence interval; d.f., degrees of freedom; RR, relative risk.

Begg’s and the Egger’s test were P = 0.99 and P = 0.36,
respectively, suggesting a low probability of publication
bias.The inverse association between BP use and colorec-
tal cancer was significant assuming either a fixed effects
(RR=0.82,95% Cl 0.75,0.89) or a random-effects model (RR
=0.81,95% Cl 0.73, 0.91) (Table 2). Furthermore, it should
be noted that the stratified analysis on the basis of study
design (case-control analyses vs. cohort studies) showed
no between-groups heterogeneity (P = 0.25).

To explore whether the results were dominated by a
single study, we performed a ‘leave-one-out’ sensitivity
analysis. In this analysis, the overall effect size was calcu-
lated, removing one study at a time. This approach con-
firmed the stability of our results (Figure 3). Of particular
importance here, is the fact that excluding either the study

of Green et al.[13] or the study of Cardwell et al. [29], that
may contain a small number of overlapped individuals, the
significance of the combined estimate was not altered.
To analyze any association between duration of BP use
and risk of colorectal cancer, we grouped drug exposure as
short term and long term use. Short term included the
shortest durations, while long term included the longer
durations of drug use, as reported in the individual studies
(Table 3). It is notable that the relative risk estimates for
long term use were lower than the respective estimates for
short term use in all six primary studies [11-13, 29-31]
contributing to this analysis (Table 3). The pooled results
provided evidence for a dose effect; Long term bisphos-
phonate use was associated with a significant 27% reduc-
tion in the risk of developing colorectal cancer as
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‘Leave-one-out’ sensitivity analysis. Pooled relative risk and 95% confidence interval omitting each study

Table 3

Definitions of short term and long term bisphosphonate use

Short term use: RR (95% CI)

RR (95% CI)

Long term use:

Rennert et al. [11], 2011 <1 year of use 1.10 (0.71, 1.72) >3 years of use 0.39 (0.22, 0.68)

Khalili et al. [12], 2012 1-2 years of use 1.24 (0.94, 1.64) = 5 years of use 0.97 (0.60, 1.56)

Green et al. [13], 2010 = 1 year of use 0.91 (0.75, 1.11) = 3 years of use 0.88 (0.67, 1.15)

Cardwell et al. [29], 2012 >1 year of use 0.74 (0.58, 0.95) >4 years of use 0.48 (0.22, 1.01)

Singh et al. [30], 2012 <210 days of use 1.04 (0.80, 1.33) >1250 days of use 0.83 (0.63, 1.10)
(

Vestergaard [31], 2011 = 2 years of use 0.80 (0.67, 0.95) >5 years of use 0.66 (0.38, 1.13)

Cl, confidence interval; RR, relative risk.

compared with non-use (random effects model:RR =0.73,
95% C10.57,0.93,Cochran’s P=0.092,1?=47%) (Table 2).0n
the contrary, short term use did not cause any significant
reduction in the risk of colorectal cancer (random effects
model: RR =0.93,95% Cl 0.80, 1.08, Cochran’s P=0.046, I> =
56%) (Table 2).

Discussion and conclusion

Meta-analysis is a systematic and quantitative integration
of the results of a set of independent studies. By combin-
ing the findings of primary research, it allows for an objec-
tive appraisal of the epidemiological evidence, which may
lead to resolution of uncertainty and disagreement [32].
To the best of our knowledge, this is the first meta-
analysis to explore the association between bispho-
sphonate use and risk of colorectal cancer. Having
encompassed eight large population-based observational
studies with more than 630000 participants, of whom
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21 839 were colorectal cancer cases, it revealed a signifi-
cant inverse association between BP use and colorectal
cancer, possibly suggesting a protective effect of BPs
against colorectal cancer development.

Overall, BP use was associated with a significant 15%
reduction in the risk of colorectal cancer (Figure 2). In
the subgroup analysis by study design, this effect was
evident among the case-control analyses but weaker
(along with considerable heterogeneity) among the
cohort studies. However, the absence of between-groups
heterogeneity and the remarkable robustness of the
overall effect size in the sensitivity analysis (Figure 3) rein-
forced our confidence in the validity of the results. Fur-
thermore, our analysis provided evidence for a dose
effect, an indication that the observed association was
likely to be causal [24]. Long term use was associated with
a statistically significant 27% decrease in the risk of devel-
oping colorectal cancer compared with non-use, while
there was no difference in the risk between short term
users and non-users.



Doubtless, study biases might influence the results of
meta-analyses. It is well documented that in biomedical
literature there is a publication bias in favour of statistically
significant results [33, 34]. However, the likelihood of a sub-
stantial publication bias that affected our results is small.
The Begg's and Egger’s tests revealed no relation between
the estimates of relative risk and study size. Thus, we are
confident that the presence of publication bias due to the
preferential publication of large studies with significant
findings is unlikely.

Nevertheless, our meta-analysis has several limitations.
Despite the differences among the primary studies with
respect to different drugs prescribed to the populations
studied, all BPs have been regarded as being the same (as
most of the primary studies did not provide drug-specific
effect estimates). Pharmacologically, this is not correct and
may, therefore, have different effects on risk. Second, our
analysis revealed considerable heterogeneity, especially
among the cohort studies. However, the variability dimin-
ished significantly when we analyzed by duration of drug
exposure (Table 2) and subgroup and sensitivity analyses
provided very stable effect-estimates. Nevertheless, the
results are based on heterogeneous data and should be
interpreted with caution. Third, the observational studies
included in this meta-analysis lacked the experimental
random allocation of the intervention, and may therefore
suffer from selection and information biases. Results may
have also been confounded by several factors, given that
each one of the studies included in our meta-analysis con-
trolled for somewhat different potential confounders
(Table 1).

In addition, there is a discussion concerning the likeli-
hood of confounding by low bone density [35] in studies
exploring the associations between BP use and site-
specific cancer risks. However, high bone density has been
associated with reduced rather than increased colorectal
cancer risk [36-38]. Thus, if such bias exists, it would imply
that the reduction in colorectal cancer risk among BP
users, shown in our meta-analysis, is conservatively under-
estimated. In other words, existence of confounding by
low bone density should mask the protective effect of
bisphosphonates.

Though our knowledge of the possible mechanisms
underlying this association is incomplete, our results may
be biologically plausible. Bisphosphonates have been
shown to exert direct antitumour effects in vitro and in cell
lines, and have anti-angiogenic properties as evidenced by
reduced vascular endothelial growth factor levels [39-41].

In addition, recent preclinical data suggest that BPs
may have a site-specific potential for colorectal cancer che-
moprevention [7-10].This site-specific protective effect of
oral BPs could be due to the local effects on the colonic
mucosa, as only 1% of the orally administered dose is
absorbed, while the remaining ~99% moves slowly
through the colorectal segments of the intestine in con-
centrations potentially in the millimolar range [42].

Bisphosphonate use and risk of colorectal cancer BJCP

In conclusion, the synthesis of the existing epidemio-
logical studies supports the hypothesis that exposure to
BPs may reduce the risk of developing colorectal cancer.
However, further prospective research is warranted to
confirm or refute these findings and to explore the asso-
ciation for different types of BPs especially in the elderly,
who comprise a population at risk for both osteoporosis
and colorectal cancer. Until further evidence is available,
this class of drugs remains a strong, but as yet unproven,
candidate for colorectal cancer chemoprevention.
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