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Background. Previous studies have investigated the association between the use of bisphosphonates and the development of breast
cancer, which presented controversial results. Thus, this meta-analysis was conducted to summarize the current evidence of the
association of bisphosphonate use with breast cancer risk. Methods. A comprehensive search was conducted in PubMed, ISI
Web of Knowledge, the Cochrane Library, and Embase from inception to March 2019 by two researches, who independently
selected trials, retrieved relevant data, and assessed study quality. The summary relative risk (RR) for the use of bisphosphonates
on the risks of developing breast cancer was calculated using a random-effect model. Results. The present meta-analysis, which
included four case-control studies, involving 55052 breast cancer cases, and seven retrospective cohort studies, involving 14641
breast cancer cases, assessed the effect of bisphosphonates on breast cancer risk. The random-effect model meta-analysis found a
reduced risk of breast cancer with exposure to bisphosphonates with pooled RR of 0.87 (95% confidence interval [CI]: 0.80 to
0.94). The short-term use of bisphosphonates (<1 year) did not render significant alteration (RR =0.92, 95% CI: 0.82 to 1.03),
while a significant 26% risk reduction of breast cancer was noted with long-term use (>1 year) (RR =0.74, 95% CI: 0.62 to 0.90).
A protective effect of bisphosphonates was shown in contralateral breast cancer (RR =0.41, 95% CI: 0.20 to 0.84). In terms of
the type of bisphosphonates, a significant inverse relationship was noted for etidronate, with pooled RR of 0.87 (95% CI: 0.80 to
0.96). Conclusion. This meta-analysis suggested that the use of bisphosphonates was associated with reduced risk of breast
cancer, including contralateral breast cancer. Compared to other types of bisphosphonates, only etidronate showed a significant
inverse relationship. Additionally, the long-term use (>1 year) of bisphosphonates was more significant in lowering breast
cancer risk. Further randomized controlled trials are needed to verify this association. This trial is registered with PROSPERO
(registration number: CRD42018105024) (registered on 29 August 2018).

1. Introduction 2]. Several studies in vitro have shown that bisphosphonates

have a series of direct and indirect antitumor effects, such as
Bisphosphonates are extensively used to treat osteoporosis,as  induction of tumor cell apoptosis, prevention of tumor adhe-
well as prevent and treat skeletal destructive lesions caused by ~ sion and invasion, as well as inhibition of tumor angiogenesis
malignancy, particularly among postmenopausal women [1,  and cell proliferation [3]. In addition, preclinical studies have
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found that bisphosphonates can induce breast carcinoma cell
death and inhibit estrogen-sensitive MCF-7 cell proliferation
[4, 5], which make bisphosphonates an attractive class of
drugs to be studied further for breast cancer prevention.
Numerous epidemiologic studies have investigated a rela-
tionship between bisphosphonate use and breast cancer risk
[6-16]. For instance, the risk of invasive breast cancer in
women prescribed as bisphosphonates for treatment of oste-
oporosis was reduced by 32% after adjustment for potential
confounders in the Women’s Health Initiative (WHI) obser-
vation study [8]. On the contrary, the Chiang et al. study [7],
using the National Health Insurance Research Database
(NHIRD), found that bisphosphonates did not lower the risk
of breast cancer, with the limited study size and underpow-
ered results. Additionally, two peer-reviewed meta-analyses
published consistently reported that use of bisphosphonates
was associated with a reduced risk of breast cancer [17, 18].
However, subsequent publications of two large studies
have showed opposite results [9, 10], and so far, researches
as well as systematic reviews have not addressed whether bis-
phosphonate use can decrease the risk of breast cancer. The
ongoing debate has given renewed impetus by recent studies
with no clear conclusions. Hence, to provide an up-to-date
evidence summary, we performed a comprehensive meta-
analysis to summarize all current studies to precisely quantify
whether use of bisphosphonates is associated with the risk
reduction of breast cancer and to explore the different types
of bisphosphonate effects on breast cancer, duration of expo-
sure to bisphosphonates on breast cancer risk, and effects of
bisphosphonates on different types of breast cancer.

2. Methods

This meta-analysis followed the Meta-Analysis of Observa-
tional Studies in Epidemiology (MOOSE) [19]. The review
protocol was registered in the international prospective regis-
ter of systematic reviews in August 2018 (PROSPERO regis-
tration number: CRD42018105024).

2.1. Literature Retrieval. We systematically searched from
inception to March 2019, using the PubMed, ISI Web of
Knowledge, Cochrane Library, and Embase databases. All
relevant published articles about human subjects were identi-
fied using the following terms: (breast or mammary gland),
(neoplasm#or tumorxor canceror carcinomas), and
(diphosphonatexor  bisphosphonatesor alendronatesxor
etidronate*or clodronateor#or zoledronate*or risedronate
or ibandronatexor pamidronatesor tiludronatex). No publi-
cation date or language restrictions were adopted. In addi-
tion, a manual search of references cited in the selected
articles and published reviews on the same topic was con-
ducted to obtain any additional relevant trials.

2.2. Eligibility Criteria. Using standard forms, two authors
independently assessed the trials for candidates based on
the inclusion and exclusion criteria in the meta-analysis. In
cases of divergent views, a consensus was reached through
discussion or in consultation with the third author. Studies
were considered eligible if they (1) focused on the association
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between bisphosphonate use and breast cancer risk; (2)
reported relative risk (RR), odds ratio (OR), or hazard ratio
(HR) with 95% CI (or sufficient data to compute these);
and (3) included a trial with the most relevant information
with respect to repetitive trials. The exclusion criteria were
review articles, case reports, letters to the editor, editorials,
and if the outcome of interest was not reported, even after
contacting the corresponding authors.

2.3. Data Extraction. Data was abstracted independently by
two reviewers, with inconformity addressed by consensus
and discussion with a third reviewer. The following informa-
tion was collected from each included trial, such as the first
author, year of publication, nation, study design, period,
study database, age of participants, menopausal status, num-
ber of breast cancer cases, number of participants, prevalence
of breast cancer, type of breast cancer, type of bisphospho-
nates, definition of exposure, measure of bisphosphonates
use, average exposure period, adjustment factors in multivar-
iate analysis, and risk estimates with 95% CI. We collected
the OR (or HR) in the main analysis that adjusted the greatest
degree of potential covariates. If possible, outcome data were
separately divided into each subgroup. According to the
number of breast cancer cases and the number of subjects
being lower or higher than the median of the entire studies,
they were classified as the “low” or “high” subgroup, respec-
tively. The primary outcome was the relative risk for usage of
bisphosphonates and the incidence of breast cancer.

2.4. Quality Assessment. The Newcastle-Ottawa Scale (NOS)
was used to evaluate the quality of the cohort studies [20],
in which the quality of a trial was adjudicated from three
broad perspectives: selection, comparability, and exposur-
e/outcome, with four items (one star each), one item (up to
two stars), and three items(one star each), respectively. In
this analysis, studies were judged as high quality if they
scored more than 7 stars.

2.5. Statistical Analyses. The primary summary estimate of
interest was the adjusted RR for the incidence of breast can-
cer with bisphosphonate use. Based on adjusted RR estimates
and 95% CI, we generate overall estimates for the effect of
bisphosphonates on breast cancer by using a DerSimonian-
Laird random-effect model. Compared to the fixed-effect
model, the random-effect model is more robust due to incor-
porating into the weighing scheme both within-study and
between-study variations [21]. Given that the absolute risk
of breast cancer was very low, the OR or HR was equivalent
to the RR directly [22]. Furthermore, we conducted risk-
stratification analysis for the type of bisphosphonates (alen-
dronate, etidronate, risedronate, clodronate, and zoledronic
acid), duration of bisphosphonate use (<1 year of use, 1 to
3 years of use, 3 to 5 years of use, and >5 years of use), type
of breast cancer (breast cancer, invasive breast cancer, ductal
carcinoma in situ (DCIS), and contralateral breast cancer),
We assessed statistical heterogeneity among studies by
using the Cochran Q statistic and quantified by I* statistics
(P>0.10 or I* >50% considered significant heterogeneity).
Sensitivity analysis was conducted by eliminating each study
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at a time to estimate its influence on incorporative RR in the
meta-analysis. Additionally, sensitivity analysis was also
investigated by removing studies with characteristics differ-
ent from the others.

To assess whether the association between incidence of
breast cancer and bisphosphonate use was modified by clin-
ical parameters, we also did prior-specified subgroups based
on study location (Western country vs. Eastern country),
study design (cohort vs. case-control), menopausal status
(premenopausal and postmenopausal vs. postmenopausal),
measurement of bisphosphonate use (self-report vs. medical
record), study quality (high quality vs. low quality), number
of breast cancer cases (>1000 vs. <1000), and number of par-
ticipants (>20000 vs. <20000). Analysis was conducted to
evaluate whether the difference was statistically significant
between the subgroups. Additionally, subgroup differences
were tested by chi-square test—that is, whether the observed
differences are aligned with chance alone within the sub-
groups. A low P value or a large chi-square statistic relative
to its degree of freedom constructs evidence of heterogeneity
beyond chance.

Metaregression analysis (MRA) was conducted to inves-
tigate the potential impacts of heterogeneity and confounders
on outcomes. Publication year, average age, number of breast
cancer cases, number of participants, prevalence of breast
cancer, and average exposure period were considered as var-
iables. We assessed publication bias for primary outcomes by
funnel plot inspection, in which 10 or more studies provided
data.

All meta-analyses were conducted with RevMan version
5.3 (The Cochrane Collaboration, Copenhagen, Denmark)
and Stata version 14 (StataCorp, College Station, Texas,
USA). All P values are double-tailed, and the statistical signif-
icance was set at 0.05.

3. Results

3.1. Identification of Studies. The flow chart of the literature
selection procedure is shown in Figure 1. The preliminary
search identified 771 studies in PubMed, 876 in the ISI
Web of Knowledge, 152 in the Cochrane Library, and 442
in Embase. The title and abstract of the remaining 890 arti-
cles were screened after omitting 1351 duplicates. After read-
ing their titles and abstracts, 812 studies were eliminated and
78 studies were scrutinized by screening their full texts. Ulti-
mately, 11 studies [6-16] comprising 983807 individuals met
the inclusion criteria as well as exclusion criteria which were
analyzed.

3.2. Study Characteristics and Quality Assessment. A total of
eleven studies, including 69693 women with breast cancer,
were published between 2010 and 2017, focusing on bispho-
sphonates and the risk of breast cancer. Table 1 shows in
detail the study characteristics. There were four case-
control studies and seven retrospective cohort studies. The
studies were performed in Western countries (e.g., UK,
USA, France, Israel, and Denmark) or an eastern country
(e.g., Taiwan). Six studies involved both premenopausal
and postmenopausal women, and five studies recruited only

postmenopausal women. The mean age of participants in
the eligible studies varied from 54.2 to 73.5 years, while three
studies did not report. The number of cases per study varied
between 65 and 49933, the number of participants ranged
from 1013 to 154768, and prevalence of breast cancer ranged
from 0.35 to 3.73%. Additionally, Table 2 details bisphospho-
nate use of the studies included in the meta-analysis. With
respect to types of breast cancer, three studies reported the
risk of invasive breast cancer, two studies focused on the risk
of DCIS, and one study investigated the risk of contralateral
breast cancer. For types of bisphosphonates, alendronate
was the most widely used bisphosphonate in all studies. In
terms of the measurement of the use of bisphosphonates,
three studies and eight studies were based on participants’
self-reports and medical records, respectively. Almost all
studies used adequate matches or adjustments to control
for potential confounders, except for one which only adjusted
for age. According to the NOS guideline, the study quality
scores of the eleven eligible studies ranged from 6 to 8
(Table S1).

3.3. Meta-Analysis. Figure 2 shows the adjusted RR for risk
of breast cancer for each trial and all studies pooled com-
paring any usage of bisphosphonates with no exposure to
bisphosphonates. The pooled RR for any usage of bispho-
sphonates and risk of breast cancer was 0.87 (95% CI: 0.80
to 0.94). Based on P=0.02 and I*=52%, heterogeneity
existed between the studies. In a sensitivity analysis, after
removing one study by Monsees et al. [12], the heteroge-
neity of the pooled RR (0.88, 95% CI: 0.82 to 0.94; P=
0.06 and I* =45%) showed a relative decrease from high
to moderate heterogeneity (Figure S1). Given a study by
Lee et al. [11] with inadequately adjusted covariates, a
sensitivity analysis in which the studies by Lee et al.
were excluded showed a pooled RR of 0.86 (95% CI:
0.80 to 0.94) (Table 3).

In specific types of bisphosphonate analysis, only etidro-
nate (RR =0.87, 95% CI: 0.80 to 0.96) could decrease the risk
of breast cancer. Nevertheless, alendronate (RR = 0.89, 95%
CI: 0.77 to 1.02), risedronate (RR =0.94; 95% CI: 0.85 to
1.04), clodronate (RR = 1.51, 95% CI: 0.55 to 4.15), and zole-
dronic acid (RR =1.15, 95% CI: 0.70 to 1.89) did not render
any significant risk reduction in the incidence of breast can-
cer (Figure 3). Figure 4 presents the adjusted RR for each trial
and combined RR for categories of less than 1 year of use, 1 to
3 years of use, 3 to 5 years of use, and more than 5 years of
use. Less than 1 year of use of bisphosphonates was not asso-
ciated with a reduction in the risk of breast cancer (RR = 0.92
, 95% CI: 0.82 to 1.03). A significant inverse association was
observed with 1 to 3 years of use (RR =0.74, 95% CI: 0.62
to 0.90), 3 to 5 years of use (RR=0.74, 95% CI: 0.58 to
0.93), and more than 5 years of use (RR=0.71, 95% CI:
0.55 t0 0.93). In the risk-stratification analysis within the type
of breast cancer, we noted that the usage of bisphosphonates
led to a statistically significant reduction risk for any breast
cancer (RR =0.88, 95% CI: 0.82 to 0.96) as well as in contra-
lateral breast cancer (RR=0.41, 95% CI: 0.20 to 0.84)
(Figure 5), whereas the invasive breast cancer subgroup
(RR=0.79, 95% CIL 0.61 to 1.01) and DCIS subgroup
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FiGure 1: Flow diagram of literature search and selection process of the studies.

(RR=1.19, 95% CI: 0.66 to 2.14) did not find significant risk
reduction.

3.4. Subgroup Analyses of Breast Cancer Risk. Table 3 shows
the subgroup analyses for the association between any bis-
phosphonate use and the risk of breast cancer. Subgroup
analyses showed that the results were generally consistent,
in spite of the study design. However, other subgroup analy-
ses presented that the results were incompatible. In the West-
ern countries, the pooled RR was 0.86 (95% CI: 0.79 to 0.94),
but in the Eastern country, there was no significant associa-
tion (RR =0.96, 95% CI: 0.71 to 1.27). A significantly protec-
tive effect of use of bisphosphonates was presented in
premenopausal and postmenopausal women (RR =0.83,
95% CI: 0.75 to 0.93) yet not in postmenopausal women
(RR=0.92,95% CI: 0.81 to 1.04). The significant risk reduc-
tion for breast cancer after usage of bisphosphonates was also

presented in the medical record subgroup (RR=0.87, 95%
CI: 0.80 to 0.96), in the high quality subgroup (RR =0.88,
95% CI: 0.82 to 0.93), in more than 1000 cases of the breast
cancer subgroup (RR=0.88, 95% CI: 0.82 to 0.94), and in
the subgroup with more than 20000 numbers of participants
(RR =0.87,95% CI: 0.80 to 0.94). Despite the association not
reaching statistical significance in some subgroups, there
were no significant differences among these subgroup analy-
ses (P >0.05).

3.5. Metaregression Analyses and Publication Bias. To inves-
tigate the latent reasons for the heterogeneity, we conducted
a priori metaregression analysis. The scattered plots are
graphically shown for the metaregression analysis
(Figure 6). Metaregression analysis was statistically signifi-
cant (P = 0.025) for the publication year in individual studies.
While the average age (P =0.433), number of breast cancer
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Study or subgroup Log|[risk ratio] SE  Weight v, raIri:is(l)(nrft;g % CI v, rai:;;;?t;g % CI

Cardwell 2011 -0.2877 0.089 10.5% 0.75 [0.63, 0.89] -

Chiang 2012 -0.0834 0.1695 4.3% 0.92 [0.66, 1.28] T

Chlebowski 2010 -0.1985 0.0881 10.6% 0.82[0.69, 0.97] -

Fournier 2017 -0.0202 0.0726 12.9% 0.98 [0.85, 1.13] T

Hue 2014 0.1823 0.1525 5.1% 1.20 [0.89, 1.62] T

Lee 2012 0.0583 02819 1.8% 1.06 [0.61, 1.84] -

Monsees 2011 -0.8916 0.3663 1.1% 0.41 [0.20, 0.84]

Newcomb 2010 -0.3567 0.1324  6.3% 0.70 [0.54, 0.91] -

Rennert 2010 -0.2231 0.1059  8.5% 0.80 [0.65, 0.98] T

Vestergaard 2011 -0.1393 0.0428 18.2% 0.87 [0.80, 0.95] -

Vinogradova 2013 -0.0834 0.0285 20.7% 0.92 [0.87, 0.97] =

Total (95% CI) 100.0%  0.87 [0.80, 0.94] ¢

Heterogeneity: tau? = 0.01; chi? = 21.00, df = 10 (P = 0.02); I* = 52% ‘ ‘ ‘ ‘
0.2 0.5 1 2 5

Test for overall effect: Z = 3.62 (P = 0.0003)

Reduced risk Increased risk

F1GURE 2: Forrest plot showing the overall effect of bisphosphonates on incidence of breast cancer.

TaBLE 3: Sensitivity and subgroup analyses for the association between any bisphosphonate use and risk of breast cancer.

Analysis Categories No. of studies  RR (95% CI) Pvalue P values between subgroup
Sensitivity analysis Adjusted confounders >2 10 0.86 (0.80-0.94)  0.0003*
. Western country 9 0.86 (0.79-0.94)  0.0004* 0.49
Study location
Eastern country 2 0.96 (0.71-1.27) 0.75
, Cohort 7 0.89 (0.81-0.98)  0.02* 0.26
Study design .
Case-control 4 0.78 (0.64-0.96) 0.02
Pre- & post- 6 0.83 (0.75-0.93)  0.0008* 0.27
Menopausal status
Post- 5 0.92 (0.81-1.04) 0.18
. Medical record 8 0.87 (0.80-0.96)  0.004* 0.75
Subgroup analysis Measure of BP use
Self-report 3 0.85 (0.70-1.01) 0.07
. High quality 5 0.85 (0.63-1.15) 0.3 0.87
Study quality ) .
Low quality 6 0.88 (0.82-0.93) <0.0001
<1000 5 0.87 (0.66-1.14) 0.31 0.93
No. of cases .
>1000 6 0.88 (0.82-0.94)  0.0001
No. of = <20000 5 0.83 (0.63-1.08) 0.17 0.66
0. of participants
P P >20000 6 0.87 (0.80-0.94)  0.0004"

Abbreviations: RR: relative risk; CI: confidence interval; BPs: bisphosphonates. Note: *P < 0.05.

cases (P =0.597), number of participants (P = 0.687), preva-
lence of breast cancer (P=0.888), and average exposure
period (P =0.865) did not explain the demonstrated hetero-
geneity (Table S2). The main heterogeneity source may be
from the publication year. There was no evidence of
publication bias for the primary outcome by inspection of
the funnel plot (Figure S2).

4. Discussion

The present meta-analysis summed up the results of four
case-control studies and seven retrospective cohort studies,
including a total of 69693 breast cancer cases. Usage of
bisphosphonates significantly decreased the risk of breast
cancer, with a RR of 0.87 (95% CI: 0.80-0.94), including con-
tralateral breast cancer (RR=0.41, 95% CI: 0.20 to 0.84).

This protective efficacy of bisphosphonates was noted in
women who taken bisphosphonates with long-term use (>1
year). The benefit varied between different types of bispho-
sphonates, specifically etidronate, which significantly low-
ered breast cancer risk by 13%.

Our results generally conformed with two previous meta-
analyses [17, 18] that observed a 15% risk reduction in breast
cancer after any use of bisphosphonates in four studies [6, 8,
13, 14] and a 16% reduction in breast cancer risk among bis-
phosphonate users in eight studies [6-8, 12-16]. Our analysis
was based on a larger sample size, with a prior-registered pro-
tocol on PROSPERO, which may reinforce the quality and
transparency of meta-analyses. Notably, obvious heterogene-
ity was observed in the present study; we conducted a sensi-
tivity analysis by serial exclusion of individual studies. After
eliminating one trial [12], it could only account for the partial
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Study or subgroup Log[risk ratio] SE Weight Risk ratio Risk ratio
IV, random, 95 % CI IV, random, 95 % CI
Alendronate
Chiang 2012 -0.0834 0.1695 3.9 % 0.92 [0.66, 1.28] I
Hue 2014 0.2151 0.1987 3.0% 1.24 [0.84, 1.83] _'_
Lee 2012 0.0583 0.2819 1.6 % 1.06 [0.61, 1.84] —
Monsees 2011 -0.9416 0.3945 0.8 % 0.39 [0.18, 0.85]
Rennert 2010 -0.3711 0.0886 9.5 % 0.69 [0.58, 0.82]
Vestergaard 2011 -0.0943 0.0594 13.6 % 0.91 [0.81, 1.02]
Vinogradova 2013 -0.0305 0.0326 18.1 % 0.97 [0.91, 1.03]
Subtotal (95 % CI) 50.5 % 0.89 [0.77, 1.02]

Heterogeneity: tau® = 0.02; chi? = 20.32, df = 6 (P = 0.002); I* = 70 %

Test for overall effect: Z = 1.64 (P = 0.10)

Etidronate

Vestergaard 2011 -0.1863 0.0517 14.9 %
Vinogradova 2013 -0.0943 0.0408 16.8 %
Subtotal (95 % CI) 31.7 %

Heterogeneity: tau® = 0.00; chi* = 1.95, df = 1 (P = 0.16); I* = 49 %
Test for overall effect: Z = 2.95 (P = 0.003)

Risedronate

Vestergaard 2011 -0.2877 0.5405 0.5%
Vinogradova 2013 -0.0619 0.0513 15.0 %
Subtotal (95 % CI) 154 %

Heterogeneity: tau® = 0.00; chi*=0.17,df = 1 (P = 0.68); I* =0 %
Test for overall effect: Z = 1.25 (P = 0.21)

Clodronate

Vestergaard 2011 0.4121 0.5153 0.5%
Subtotal (95 % CI) 0.5%
Heterogeneity: not applicable

Test for overall effect: Z = 0.80 (P = 0.42)

Zoledronic acid

Hue 2014 0.1398 0.2533 1.9%
Subtotal (95 % CI) 1.9 %
Heterogeneity: not applicable

Test for overall effect: Z = 0.55 (P = 0.58)

Total (95 % CI) 100.0 %

Heterogeneity: tau? = 0.01; chi? = 26.39, df = 12 (P = 0.009); I* = 55 % T T T

Test for overall effect: Z = 2.90 (P = 0.004)

Test for subgroup differences: chi* = 3.04, df =4 (P = 0.55); I =0 %

0.83 [0.75, 0.92]
0.91 [0.84, 0.99]
0.87 [0.80, 0.96]

0.75 [0.26, 2.16]
0.94 [0.85, 1.04]

—
-
—_—

-

L |

R

-

0.94 [0.85, 1.04] ¢
1.51 [0.55, 4.15]
1.51[0.55, 4.15] ——e
1.15 [0.70, 1.89] S
1.15 [0.70, 1.89] -
0.90 [0.84, 0.97] ¢
02 0.5 1 2 5

Reduced risk  Increased risk

FIGURE 3: Pooled relative risk (RR) of breast cancer use with type of bisphosphonates.

heterogeneity. To further investigate other factors to study
heterogeneity, we conducted a prior metaregression analysis.
Our results indicated publication year may be the main
source of heterogeneity with a descending trend on effect
size. Remarkably, the included studies were performed with
a wide range of study periods, during which the administra-
tion of breast cancer has altered to a great extent. The
National Comprehensive Cancer Network (NCCN) Clinical
Practice Guidelines with an update every few years in breast
cancer (screening and diagnosis) [23] contributed to stan-
dardizing and improving administration of breast cancer,
including early detection, early diagnosis, and early treat-
ment. Over time, more and more new research failed to
reveal a significant clinical efficacy from bisphosphonates,
whereas a reduction in incidence of breast cancer was
observed in older studies. Allegedly, in view of management
as a part of a more standardized and comprehensive inter-
vention, the effectiveness of bisphosphonates was blunted.

Structurally, bisphosphonates are categorized into older
first-generation non-nitrogen-containing moieties and newer
second-generation nitrogen-containing moieties, including
etidronate, clodronate, and tiludronate as well as pamidro-
nate, alendronate, ibandronate, risedronate, and zoledronate.
Our meta-analysis found that only etidronate, not alendro-
nate, showed a protective efficacy on the risk of breast cancer,
in contrast with a published meta-analysis [18] in which non-
nitrogen bisphosphonates (etidronate) and nitrogen bispho-
sphonates (alendronate) were associated with reduction of
breast cancer risk (d rate, 13% and 9%, respectively) and in
conformity with the Early Breast Cancer Trialists’ Collabora-
tive Group meta-analysis [24] in which subgroup analyses
confirmed greater effectiveness with clodronate than with
amino bisphosphonates on breast cancer mortality. Theoret-
ically, nitrogen bisphosphonates containing nitrogen possess
higher potency in anti-invasive, antiproliferation, and inhi-
biting angiogenesis than nonnitrogen bisphosphonates [25].
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Study or subgroup Log|risk ratio] ~ SE Weight v, ragcllscl)(nfgg % CI v, rag(lls(l:nfgg % CI

<1 year of use

Cardwell 2011 -0.3011 0.0986 55% 0.74 [0.61, 0.90] -

Chiang 2012 0.077 0.0444 69% 1.08 [0.99, 1.18] ™

Fournier 2017 0.0677 0.142 4.3 % 1.07 [0.81, 1.41] 1

Monsees 2011 -0.9416 0.3945 1.1% 0.39 [0.18, 0.85] -

Newcomb 2010 -0.2485 0.1876 3.3% 0.78 [0.54, 1.13] T

Rennert 2010 -0.0726 0.2152 2.8 % 0.93 [0.61, 1.42] -1

Vestergaard 2011 -0.0101 0.0778 6.1% 0.99 [0.85, 1.15] T

Vinogradova 2013 -0.0943 0.0408 7.0% 0.91 [0.84, 0.99] ™

Subtotal (95 % CI) 36.9 % 0.93 [0.82, 1.03] L

Heterogeneity: tau? = 0.02; chi* = 20.93, df = 7 (P = 0.002); I* = 69 %

Test for overall effect: Z = 1.41 (P =0.16)

1 to 3 years of use

Cardwell 2011 -0.3425 0.1396 43 % 0.71 [0.54, 0.93] I

Chiang 2012 -0.0619 0.0759 6.1 % 0.94 [0.81, 1.09] -

Chlebowski 2010 -0.6931 0.14 4.3 % 0.50 [0.38, 0.66] -

Fournier 2017 0.0677 0.142 43 % 1.07 [0.81, 1.41] -1

Monsees 2011 -1.1087 0.4753 0.8 % 0.33[0.13, 0.84]

Newcomb 2010 -0.3711 0.2656 2.1% 0.69 [0.41, 1.16] -

Rennert 2010 -0.5276 0.116 5.0 % 0.59 [0.47, 0.74] -

Vinogradova 2013 -0.0726 0.034 7.1% 0.93 [0.87, 0.99] ™

Subtotal (95 % CI) 34.1 % 0.74 [0.62, 0.90] ’

Heterogeneity: tau® = 0.05; chi* = 40.88, df = 7 (P < 0.00001); I* = 83 %

Test for overall effect: Z = 3.05 (P = 0.002)

3 to 5 years of use

Cardwell 2011 -0.2107 0.1793 3.4 % 0.81 [0.57, 1.15] e

Chlebowski 2010 -0.1508 0.1507 4.1 % 0.86 [0.64, 1.16] 1

Fournier 2017 0.0392 0.2168 2.7 % 1.04 [0.68, 1.59] -

Monsees 2011 -1.8326 0.7073 04 % 0.16 [0.04, 0.64]

Newcomb 2010 -0.462 0.2069 29% 0.63 [0.42, 0.95] -

Rennert 2010 -0.4943 0.1552  4.0% 0.61 [0.45, 0.83] -

Subtotal (95 % CI) 175%  0.74[0.58,0.93] >

Heterogeneity: tau® = 0.04; chi* = 10.54, df = 5 (P = 0.06); I = 53 %

Test for overall effect: Z = 2.52 (P =0.01)

>5 years of use

Chlebowski 2010 -0.1863 0.2289 2.6% 0.83 [0.53, 1.30] D

Rennert 2010 -0.6733 0.2069 29% 0.51 [0.34, 0.77]

Vestergaard 2011 -0.2357 0.0765 6.1% 0.79 [0.68, 0.92] N

Subtotal (95 % CI) 11.6 % 0.71 [0.55, 0.93] o

Heterogeneity: tau? = 0.03; chi*=4.12,df =2 (P =0.13); I* =51 %

Test for overall effect: Z = 2.48 (P = 0.01)

Total (95 % CI) 100.0 % 0.80 [0.73, 0.88] ‘

Heterogeneity: tau? = 0.03; chi® = 97.55, df = 24 (P < 0.00001); I* = 75 % f f f t
0.2 0.5 1 2 5

Test for overall effect: Z = 4.89 (P < 0.00001)

Test for subgroup differences: chi? = 6.24, df = 3 (P = 0.10); I =51.9 %

Reduced risk  Increased risk

FIGURE 4: Forest plot for association between duration of the use of bisphosphonates in relation to breast cancer.

It is not clear why more potent nitrogen bisphosphonates
appear to fail to produce a better beneficial outcome in breast
cancer. On account of limited studies with small sample size,
the present finding that etidronate has a protective effect on
breast cancer risk may be insufficient to show a significant
trend. To date, there are no researches focused on this topic.
To comprehensively understand the certain bisphosphonates
contributing to the antitumor effect, future larger prospective
studies adequately powered are awaited to clarify issues.

In our meta-analysis, the antitumor effectiveness of the
usage of bisphosphonates on breast cancer risk was observed
only after more than 1 year of receiving bisphosphonates,

which was also seen in two previous meta-analyses focusing
on breast cancer [17, 18]. Interestingly, bisphosphonate users
with other cancers, such as colorectal cancer and endometrial
cancer [26, 27], also found a similar time-dependent benefi-
cial efficacy. In a meta-analysis for colorectal cancer [26],
participants who had taken bisphosphonates with a duration
of 1 to 3 years (OR =0.76, 95% CI: 0.68 to 0.85) and more
than 3 years (OR =0.78, 95% CI: 0.61 to 0.99) showed a sig-
nificant inverse association, whereas those who used bispho-
sphonates for at least 1 year (OR = 0.91, 95% CI: 0.77 to 1.07)
did not experience a beneficial efficacy. Another meta-
analysis focusing on the risk of endometrial cancer [27] had
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Study or subgroup Log[riskratio] ~ SE ~ Weight Risk ratio Risk ratio
IV, random, 95 % CI IV, random, 95 % CI
Breast cancer
Cardwell 2011 -0.2877 0.089 10.6 % 0.75[0.63, 0.89] -
Chiang 2012 -0.0834 0.1695 53 % 0.92 [0.66, 1.28] I
Hue 2014 0.1823 0.1525 6.1% 1.20 [0.89, 1.62] T
Lee 2012 0.0583 0.2819 24% 1.06 [0.61, 1.84] -
Rennert 2010 -0.2231 0.1059  9.1% 0.80 [0.65, 0.98] ]
Vestergaard 2011 -0.1393 0.0428 15.1% 0.87[0.80, 0.95] -
Vinogradova 2013 -0.0834 0.0285 16.2% 0.92[0.87, 0.97] N
Subtotal (95 % CI) 64.8 % 0.88 [0.82, 0.96] ¢
Heterogeneity: tau® = 0.00; chi* = 10.52, df = 6 (P = 0.10); I’ =43 %
Test for overall effect: Z = 3.10 (P = 0.002)
Invasive breast cancer
Chlebowski 2010 -0.3857 0.1369 6.9% 0.68 [0.52, 0.89] -
Fournier 2017 -0.0305 0.0795 11.5% 0.97 [0.83, 1.13] -
Newcomb 2010 -0.3567 0.1324 72% 0.70 [0.54, 0.91] -
Subtotal (95 % CI) 25.7 % 0.79 [0.61, 1.01] ’
Heterogeneity: tau® = 0.04; chi*=7.55, df =2 (P = 0.02); =74 %
Test for overall effect: Z = 1.85 (P = 0.06)
DCIS
Chlebowski 2010 0.4637 0.1926 44% 1.59 [1.09, 2.32] -
Fournier 2017 -0.1393 0.2157 3.7% 0.87 [0.57, 1.33] I
Subtotal (95 % CI) 8.1% 1.19 [0.66, 2.14] —i—
Heterogeneity: tau® = 0.14; chi* = 4.35, df = 1 (P = 0.04); =77 %
Test for overall effect: Z = 0.56 (P = 0.57)
Contralateral breast cancer
Monsees 2011 -0.8916 0.3663 1.5% 0.41 [0.20, 0.84] -
Subtotal (95 % CI) 1.5% 0.41[0.20,0.84] ~ -
Heterogeneity: not applicable
Test for overall effect: Z = 2.43 (P =0.01)
Total (95 % CI) 100.0 % 0.88 [0.80, 0.96] ’
Heterogeneity: tau? = 0.01; chi? = 32.47, df = 12 (P = 0.001); I* = 63 % f f f f
Test for overall effect: Z = 2.82 (P = 0.005) 0.2 0.5 1 2 5
Test for subgroup differences: chi> = 6.01, df =3 (P =0.11); I> = 50.1 % Reduced risk ~ Increased risk

FIGURE 5: Forest plot showing combined estimates of bisphosphonate use and risk of breast cancer type.

a 43% risk reduction for endometrial cancer with long-term
usage of bisphosphonates (>1 year) (RR=0.69, 95% CI:
0.62 to 0.77), but not for short-term usage of bisphospho-
nates (<1 year) (RR=0.89, 95% CI: 0.61 to 1.30). Further-
more, our findings indicated that exposure time association
between bisphosphonates and the risk of breast cancer has
an approximately linear trend. With regard to whether use
of bisphosphonates with long term is actually beneficial for
breast cancer risk, the side effect profile should be consid-
ered. Adverse effects of bisphosphonate users have been
reported, including osteonecrosis of the jaw, atypical femoral
fractures, atrial fibrillation, gastrointestinal disorders, and
renal events [28, 29]. Therefore, the adverse effects of long-
term use of bisphosphonates need to be analyzed in further
prospective studies, to determine whether the benefits of
therapy really outweigh the risks and to optimize bisphos-
phonate usage time.

In terms of the efficacy of bisphosphonates for different
types of breast cancer, our risk-stratification analysis sug-
gested that bisphosphonates have anti-breast cancer effects
only in contralateral breast cancer (reduced rate, 59%), rather
than in invasive breast cancer and DICS, inconsistent with a

previous meta-analysis [18] in that bisphosphonate can
lower incidence of invasive breast cancer, with a RR of
0.78 (95% CI: 0.68 to 0.91). Similar results were demon-
strated in an observational cohort from Fournier et al. [9]
wherein there was no association of bisphosphonate use
with either in situ or invasive breast tumors. It is important
to note that there are limited original studies that integrate
subgroups, such as invasive breast cancer group (three
studies), DICS group (two studies), and contralateral breast
cancer group (one trial), so further investigation is required
in this direction.

Meanwhile, this meta-analysis was also inevitably associ-
ated with several limitations, as shown below. First, marked
heterogeneity existed across the included studies in terms of
nonuniform study design, population characteristics, and
definitions of exposure bisphosphonates. However, using
sensitivity and metaregression analyses, we have found the
sources of potential heterogeneity between studies. Second,
though it was attempted to adjust for potential confounding
factors in each eligible trial, a meta-analysis is not able to
resolve residual or unknown confounders that could be
inherent in the included studies. Third, due to lack of
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sufficient data, we cannot perform further subgroup analysis
in terms of intake form (daily use vs. once a week use). Final,
after cessation of treatment, we were not able to evaluate the
period of time on whether the protective efficacy of bisphos-
phonate is lost or not. Further well-designed researches are
warranted to resolve these issues.

5. Conclusion

Taken together, the results from this meta-analysis found that
exposure to bisphosphonates was associated with decreased
breast cancer incidence, including contralateral breast cancer.
Compared with other types of bisphosphonates, only etidro-
nate showed a significant inverse relationship. In additional,
the long-term use (>1 year) of bisphosphonates was more sig-
nificant in reducing the risk of breast cancer. Further in-depth
longitudinal researches are urgently desirable to generate more
precise estimates considering all potential confounders, differ-
ent types of bisphosphonates, cumulative dose, duration of
bisphosphonates use, and effects of bisphosphonates on differ-
ent types of breast cancer.
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