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Abstract
Purpose of Review Many studies have examined the effects of
adjuvant bisphosphonates on long-term breast cancer out-
comes. However, results have been inconsistent. Here, we
review the evidence for their role in early breast cancer.
Recent Findings In a recent meta-analysis, no significant de-
creases in recurrence or breast cancer mortality were observed
in the overall population. In postmenopausal women, statisti-
cally significant, but modest, reductions in distant recurrence
were observed, driven by decreased bone recurrence. This
translated to decreased breast cancer mortality. While most
individual studies were not performed exclusively in postmen-
opausal patients and were not adequately powered to detect
subgroup effects based onmenopausal status, observed effects
were highly consistent.
Summary Adjuvant bisphosphonates in postmenopausal
women should be considered in individual cases of high-risk
patients, where the absolute benefit justifies associated risks.
There is no evidence supporting their routine use in premen-
opausal women except in selected patients receiving ovarian
function suppression.

Keywords Breast cancer . Adjuvant therapy .

Bisphosphonate . Bonemodifier . Recurrence . Disease-free
survival . Overall survival

Background

Breast cancer commonly metastasizes to bone, resulting in
complications such as pain, fractures, spinal cord compres-
sion, and hypercalcemia.While the role of bone-targeted treat-
ments is well established for the prevention of skeletal-related
events in advanced breast cancer with bone involvement, such
treatment is not associated with improvement in either
progression-free or overall survival [1–4]. Many studies have
examined whether the use of bisphosphonates in the adjuvant
setting may achieve a greater impact on long-term outcomes.
As a result of predominantly negative data from individual
trials, the role of bisphosphonates in early breast cancer has
been limited to the setting of treatment–induced bone loss
until results of a recent meta-analysis suggested benefit in
post-menopausal women [5••]. However, while some studies
have shown that the use of adjuvant bisphosphonates may
benefit selected patients, trial populations and outcomes have
been heterogeneous, resulting in difficulty in interpreting re-
sults. Here, we review the evidence for the use of
bisphosphonates as part of the treatment of early stage breast
cancer.

Mechanism of Action

The mechanism of breast cancer dissemination to the bone is
not fully understood, but has previously been explained using
a “seed and soil” concept [6]. Malignant cells (the “seeds”)
spread to the bone (the “soil”), which provides a favorable site
for tumor accumulation due to the production of osteolysis-
promoting growth factors. Tumor cells also release osteoblast-
stimulating growth factors, resulting in the production of nu-
clear factor-κB ligand (RANKL) and osteoclast activation.
The consequent osteolysis leads to the release of tumor-
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promoting growth factors, further contributing to this destruc-
tive cycle. Bisphosphonates, including non-nitrogen contain-
ing compounds such as clodronate and aminobisphosphonates
such as pamidronate, ibandronate, and zoledronic acid inhibit
these growth factors and can induce osteoclast apoptosis, thus
decreasing osteoclastic bone resorption. This effect likely re-
sults in a more hostile bone microenvironment for cancer cell
dissemination.

Menopausal Status in Trials of Bisphosphonates
in Early Breast Cancer

The majority of trials of bisphosphonates in early stage breast
cancer were performed in patients unselected for menopausal
status. Many studies have examined the effect of adjuvant
bisphosphonates in subgroups of postmenopausal women ei-
ther prospectively or retrospectively. However, studies have
used varying definitions of menopause, which complicates
interpretation of these data. Key studies are summarized in
Table 1.

The most compelling evidence for bisphosphonate therapy
in the adjuvant setting is provided by the Early Breast Cancer
Trialists Collaborative Group (EBCTCG) meta-analysis,
which pooled patient-level data from randomized trials com-
paring bisphosphonates to control arms [5••]. Data from 26
studies comprising 18,766 participants were pooled. In this
cohort were 11,767 post-menopausal women. Primary out-
comes of eligible studies included recurrence, distant recur-
rence, and breast cancer mortality. The analysis also included
pre-specified primary subgroup comparisons based on meno-
pausal status. However, definitions of menopause varied be-
tween individual studies, and data from some trials were un-
known and therefore assumed based on age (<45 years pre-
menopausal; 45–54 years perimenopausal; ≥55 years post-
menopausal). In the overall population, reductions in recur-
rence were non-significant (Recurrence Risk (RR) 0.94, 95%
Confidence Interval (95% CI) 0.87–1.01; p = 0.08). Distant
recurrence (RR 0.92, 95% CI 0.85–0.99; p = 0.03), and breast
cancer mortality (RR 0.91, 95% CI 0.83–0.99; p = 0.04) were
modestly reduced, likely driven by decreased bone recurrence
(0.83, 95% CI 0.73–0.94; p = 0·004). In a subgroup analysis
of postmenopausal women, reductions in recurrence (RR
0.86, 95% CI 0.78–0.94; p = 0.002), distant recurrence
(0.82, 0.74–0.92; p = 0.0003), bone recurrence (0.72, 0.60–
0.86; p = 0.0002), and breast cancer mortality (RR 0.82, 95%
CI 0.73–0.93; p = 0.002) were all highly significant.
Recurrence outside the bone was not significantly reduced
(RR 0.90; 95% CI 0.79–1.0; p = 0.10). In further sub-
analyses performed in the postmenopausal subgroup, only
the choice of agent had a significant effect on bone recurrence
(p = 0.01). Compared to clodronate, ibandronate, or zoledro-
nic acid, there appeared to be less benefit with pamidronate.

Significant subgroup differences by agent were not observed
for distant recurrence or breast cancer mortality. No differ-
ences were observed based on estrogen receptor (ER) status,
nodal status, tumor grade, dose-intensity, receipt of chemo-
therapy, or treatment duration.

Trials of Clodronate

In the EBCTCG meta-analysis, studies of clodronate in the
post-menopausal subgroup were associated with decreased
breast cancer mortality (RR 0.77; 95%CI 0.64–0.93; p = 0·
005) [5••], whereas results of individual studies have been
mixed [7–10]. In two studies, clodronate was associated with
improved overall survival (OS), although this was a secondary
endpoint [7, 8]. In the first study, patients were randomly
assigned to receive daily clodronate for 2 years or standard
follow-up [7]. Use of clodronate led to significantly decreased
mortality (death at median follow-up (8.5 years) 20.4 versus
40.7%; p = 0.049). The primary endpoint, the frequency and
number of new bone and visceral metastases, was not different
between groups. However, the study was not performed ex-
clusively in postmenopausal patients (63% postmenopausal in
clodronate arm; 61% in control arm), and subgroup analyses
based on menopausal status were not performed. In another
study not restricted based on menopausal status, clodronate
met its primary endpoint of reducing bone recurrence
(Hazard Ratio (HR) = 0.69, p = 0.04). OS was also improved
(HR 0.77, p = 0.048), although due to it being a secondary
endpoint, this was not considered a definitive result. No re-
duction in visceral metastases was observed [8].

Conversely, two different studies with clodronate found no
disease-free survival (DFS) benefit and no reduction in bone
metastases [9–11]. A small Finnish trial of 3 years of adjuvant
clodronate did not reduce bone recurrence or improve OS.
Furthermore, 10-year DFS was significantly worse in the
clodronate group (45 versus 58%, p = 0.01) [10, 11]. The large
NSABP (National Surgical Adjuvant Breast and Bowel
Project) B34 trial, which randomized 3311 women with stage
I–III breast cancer to oral clodronate or placebo for 3 years,
also yielded negative results. DFS did not differ between
groups (HR 0.91, 95% CI 0.78–1.07), although secondary
endpoints of recurrence-free interval (HR 0.75, 95% CI
0.57–0.99, p = 0.045), bone metastases-free interval (HR
0.62, 95% CI 0.40–0.95, p = 0.027), and non-bone metastases
free interval (HR 0.63, 95% CI 0.43–0.91, p = 0.014) were
significantly improved in women 50 years of age or older [9].

Trials of Aminobisphosphonates

Zoledronic acid is a nitrogen-containing, intravenously (IV)
administered bisphosphonate. In the EBCTCG meta-analysis,
the addition of more than 2 years of zoledronic acid decreased
the risk of bone recurrence (RR 0.73, 95%CI 0.53–1.00;
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p = 0.05) in post-menopausal women, but was not associated
with reductions in breast cancer mortality (RR 0.88; 95% CI
0.69–1.11). Individual studies of postmenopausal women
have also shown reductions in bone recurrence and improve-
ments in DFS. The Adjuvant Zoledronic Acid to Reduce
Recurrence (AZURE) study, a multicentre, phase 3 random-
ized control trial, assessed the effect of zoledronic acid for
5 years in combination with (neo-) adjuvant chemotherapy
and/or endocrine therapy. The primary outcome was DFS,
and invasive disease-free survival (IDFS) was identified as a
key secondary outcome. While bone recurrence was de-
creased overall (HR 0.81, 95% CI 0.68–0.97; p = 0·022),
DFS, IDFS, and OS did not differ significantly in the overall
study population. However, improvement in IDFS was ob-
served in post-menopausal women (HR 0.77, 95% CI 0.63–
0.96). Of interest, menopause was defined prospectively as
more than 5 years since last menstruation [12•]. In the ZO-
FAST trial, the effect of upfront versus delayed zoledronic
acid (initiated for fracture or substantial bone loss) on bone
mineral density (BMD) was assessed in postmenopausal,
European women receiving letrozole [13]. In this trial, the
primary aim was to explore early versus late treatment with
zoledronic acid to prevent treatment-induced bone loss. Breast
cancer-specific outcomes such as disease recurrence and sur-
vival were secondary endpoints. Early zoledronic acid was
associated with improved DFS (HR = 0.66; p = 0.04) and
reduced local (0.9 versus 2.3%) and distant (5.5 versus
7.7%) recurrences. OS was not significantly different between
groups (HR = 0.69; 95% CI = 0.42–1.14; p = 0.15). In explor-
atory analyses of women with established postmenopausal
status (>5-years postmenopausal or >60 years of age), thus
excluding women who became menopausal following the di-
agnosis of breast cancer but before randomization, early zole-
dronic acid was associated with a trend for improved DFS
(HR = 0.63; p = 0.052) and improved OS (HR = 0.50;
p = 0.02). Similar results were observed in the US-based sister
study, Z-FAST [14], but no effect on recurrence was observed
in the E-ZO-FAST trial conducted in the rest of the world [15].
Similarly, the GAIN study, which examined use of
ibandronate for 2 years in patients with early-stage node-pos-
itive breast cancer, did not show any DFS benefit [16].

Denosumab

The role of non-bisphosphonate bone-targeted therapy has
also been examined. Denosumab, a subcutaneously adminis-
tered anti-RANK ligand antibody, was studied in a prospec-
tive, randomized phase 3 trial, ABCSG-18 [17•, 18]. In this
multicenter study, 3420 postmenopausal women with early
hormone receptor-positive breast cancer receiving treatment
with aromatase inhibitors were randomly assigned to receive
denosumab 60 mg or p lacebo every 6 months .
Postmenopausal status was defined as aged 60 years or older,

aged less than 60 with postmenopausal-range levels of
follicle-stimulating hormone and estradiol or previous bilater-
al oophorectomy.While the primary endpoint was time to first
clinical fracture, secondary endpoints included DFS and OS.
This trial was stopped early due to a substantially large effect
of bone fracture reduction with denosumab. As such, statisti-
cal power for secondary analyses was reduced. Although re-
currence occurred infrequently after a median follow-up of
4 years (164/1711 in denosumab group; 199/1709 in placebo
group), a borderline significant decrease in DFS was observed
(HR 0.82, p = 0.051). Despite the underpowered analysis, the
magnitude of breast cancer risk reduction with denosumab
was similar to that observed with bisphosphonates in the
EBCTCGmeta-analysis (18 versus 14% respectively). At this
time, OS data are still immature. The ongoing D-CARE study
has enrolled over 4500 high-risk early breast cancer patients
and randomized them to receive denosumab or placebo for
5 years. Unlike the ABCSG-18 trial, the dosing of denosumab
was higher in D-CARE. A de-escalating regimen was utilized
with participants receiving 120 mg subcutaneously once,
monthly for 6 months, followed by the same dose every
3 months for the next 4.5 years. Results of the D-CARE study
are expected in late 2017 or early 2018.

Role in Premenopausal Women

While the EBCTCG meta-analysis presented evidence for the
use of adjuvant bisphosphonate therapy in post-menopausal
women, bisphosphonates do not have the same effect in the
pre-menopausal subgroup [5••]. Compared to controls,
bisphosphonates did not significantly decrease bone recurrence
(RR 0.92; 95% CI 0.75–1.12; p = 0.42) or breast cancer mor-
tality RR 1.00; 95% CI 0.86–1.15; p = 0.96). This effect was
reflected in data from individual trials including AZURE, where
the benefit of zoledronic acid on IDFS observed in postmeno-
pausal women was not seen in those that were pre or perimen-
opausal (HR 1.03, 95% CI 0.89–1.20). ABSCG-12, a phase 3
multicentre study, randomized premenopausal women with
stage I-II breast cancer to monthly goserelin, a gonadotropin-
releasing hormone agonist, in combination with 3 years of either
tamoxifen or anastrozole. A second randomization assigned pa-
tients to zoledronic acid every 6 months for 3 years or no addi-
tional therapy. It should be noted that due to use of ovarian
function suppression (OFS), data fromABCSG-12 were includ-
ed in the postmenopausal subgroup of the EBCTCGmeta-anal-
ysis. However, subsequent studies have shown that estradiol
levels may remain above postmenopausal thresholds in premen-
opausal women receiving OFS especially in younger women
and when combined with aromatase inhibitors [19•]. In the
ABCSG-12 trial, 30% of participants had node-positive disease;
however, cytotoxic chemotherapy was not administered in the
adjuvant setting. A minority of participants (<10%) received
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neoadjuvant chemotherapy. The study’s primary endpoint was
met, as the addition of zoledronic acid improved DFS (HR 0.68,
95% CI 0.51–0.91; p = 0.009). A non-significant effect on mor-
tality was also observed (HR 0.67, 95% CI 0.41–1.07; p = 0.09)
[20•]. The magnitude of relative recurrence risk reduction was
similar in node-positive (HR 0.67, 95% CI 0.45–0.99) and
node-negative patients (HR 0.66, 95% CI 0.43–1.03). In a
preplanned subset analysis, zoledronic acid did not significantly
reduce DFS in patients whowere 40 years of age or less at study
entry (HR 0.94, 95% CI 0.57–1.56), whereas this remained
significant in those older than 40 (HR 0.58, 95% CI 0.40–
0.83). Young age has been associated with a higher frequency
of failure to achieve adequate ovarian suppression with monthly
gonadotropin-releasing hormone agonists [19•]. Failure to
achieve truly menopausal levels of estrogen may explain the
lack of effect of zoledronic acid in combination with goserelin
in younger participants of the ABCSG-12 trial.

Toxicity

The incidence of bisphosphonate-associated adverse events
(AEs) is well documented in many of the outlined studies.
While bisphosphonates may increase gastrointestinal

symptoms such as diarrhea, focus is often given to more seri-
ous AEs such as renal failure and osteonecrosis of the jaw
(ONJ). The incidence of ONJ and renal failure in key studies
are summarized in Table 2. While increases in these
bisphosphonate-related AEs were seen in some studies, no
confirmed cases of ONJ or increased renal impairment were
observed in studies using lower dose intensity regimens, such
as ABCSG-12 and ABCSG-18 [17, 20•].

Patient Preference and Treatment Adherence

Data from the EBCTCG meta-analysis indicates that route
of administration does not impact outcomes. In SWOG
S0307, a 3-arm randomized trial comparing the effect of
oral clodronate, oral ibandronate, and IV zoledronic acid,
patients were asked for their preference regarding receipt of
IV or oral drug, assuming equal efficacy [21]. Prior to
randomization, 76% preferred oral administration, and few
switched preferences at time of treatment completion. In the
analogous setting of metastatic breast cancer, a trial com-
paring oral ibandronate to IV zoledronic acid showed that
overall adherence was similar with ibandronate (83%) and
zoledronic acid (86%) [22].

Table 2 Renal failure and osteonecrosis of the jaw (ONJ) in key studies of adjuvant bone modifying agents in early breast cancer

Study N Experimental arm Treatment
duration

Renal failure Osteonecrosis of the jaw (ONJ)

Coleman 2014
(AZURE) [12•]

3360 Standard of care +
Zoledronic acid
4 mg IV
q3–4 weeks × 6
doses, then
q3 months × 8
doses, followed
q6 months × 5
doses

5 years NR • 26 confirmed cases of zoledronic
acid (2.1%, 95% CI 0.9–3.3
versus 0% in control arm)
Includes three cases occurring
after relapse in bone and
zoledronic acid use in metastatic
setting.

Oral Health Impact Profile-14
(OHIP-14), a measure of quality
of life relating to oral health, did
not significantly differ between
arms

Gnant 2011
(ABCSG-12) [20•]

1803 Zoledronic acid 4 mg
IV q6 months

3 years None • None

Gnant 2015
(ABCSG-18) [17]

3420 Denosumab 60 mg
SC q6 months

Median 7
doses
(range
1–14)

One case of renal failure
observed in each arm
(<1%)

• 35 potential dental problems
identified with denosumab, of
which 31 suspected cases of
ONJ were assessed. However,
no cases met the diagnostic
criteria for ONJ.

Paterson 2012
(NSABP B34) [9]

3311 Clodronate 1600 mg
daily

3 years 3 grade 3 events (<1%)
and 1 grade 4 event
(<1%) with clodronate

One possible case with clodronate
(1 mm area of exposed bone on
the maxillary torus, resolved at
time of publication)

Powles 2006 [8] 1069 Clodronate 1600 mg
daily

2 years None reported (NR) None
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Conclusions: Current Perspectives and Future
Directions

Based on results of the EBCTCG patient-level meta-analysis,
as well as results of individual trials, there is currently no
evidence support ing the routine use of adjuvant
bisphosphonates in the treatment of premenopausal or peri-
menopausal women with breast cancer [5••]. While results of
the ABCSG-12 trial suggested that recurrences were de-
creased with the use of zoledronic acid in premenopausal
women receiving OFS, benefit in the premenopausal group
was not consistently seen across individual trials or in the
pooled analysis. Data from trials of ovarian suppression for
early breast cancer have shown that a substantial proportion of
women does not achieve adequate ovarian suppression and
can have elevated circulating levels of estradiol. If the addition
of adjuvant bisphosphonates only provides benefit in women
with post-menopausal levels of estrogen as suggested in the
EBCTCG analysis, this observation likely explains why

inconsistent results were observed in the ABCSG-12.
Additionally, since the publication of the SOFT and TEXT
trials data, it has become apparent that the addition of ovarian
suppression is beneficial only in younger pre-menopausal
women and those with higher risk for disease recurrence
[23, 24]. Pre-menopausal women with low risk breast cancer
and not requiring cytotoxic chemotherapy had an excellent
prognosis with tamoxifen alone and did not benefit substan-
tially from ovarian function suppression [23]. This group of
patients are quite different from those treated in the ABCSG-
12 trial, where higher risk patients did not receive cytotoxic
chemotherapy while even the lower risk patients were treated
with ovarian suppression. This inconsistency in treatment
makes data from the ABCSG-12 trial more difficult to inter-
pret. Consequently, there remains some uncertainty regarding
the utility of adjuvant bisphosphonates in pre-menopausal
women receiving OFS.

In postmenopausal women, significant reductions in distant
recurrence were observed, driven by decreased bone

a b

Fig. 1 Recommendations for the use of adjuvant bone modifiers in postmenopausal (a) and premenopausal (b) women with early breast cancer
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recurrence. This reduction translated to a reduction in breast
cancer mortality, suggesting a role for their use in this
population. The EBCTCG findings are based on pooling
of subgroup data. These methods result in a sub-optimally
elevated risk of type 1 (false positive) error, and must be
interpreted cautiously. Most individual studies were not
performed exclusively in postmenopausal patients, and
were not adequately powered to detect subgroup effects
based on menopausal status. In addition, definitions of
menopause were heterogeneous. The EBCTCG meta-
analysis also assumed menopausal status based on patient
age when individual patient data were unavailable, further
complicating interpretation and clinical application of re-
sults. Despite these limitations, the consistency of the ef-
fect observed in post-menopausal women suggests that it is
likely real. However, these limitations provide some uncer-
tainty about the accuracy of the results. Additionally, it
should be noted that the magnitude of the effect observed
in the EBCTCG was quite modest, with a less than 20%
relative reduction in recurrence risk and breast cancer
death. This effect would likely translate to a small absolute
effect especially in jurisdictions with breast cancer screen-
ing programs where the majority of patients are diagnosed
with small, node negative breast cancers.

Finally, results of the EBCTCG meta-analysis are also
limited by the variability in primary endpoints of individ-
ual studies. While many were designed to detect efficacy
endpoints, those aimed at examining the effects of
bisphosphonates on treatment-associated bone loss were
also included, and are unlikely to have been adequately
powered to detect differences in recurrence or survival
outcomes. Furthermore, secondary or exploratory efficacy
data may not have been collected with the same rigor as
those of primary endpoints, potentially leading to in-
creased censoring and bias in time to event outcome anal-
yses. Additionally, in trials where the primary endpoint
was avoidance of treatment-related bone loss, a higher
risk of contamination of the control group is possible.

Results of large ongoing prospective trials, including
SWOG0307 trial (NCT00127205), comparing the use of
clodronate to zoledronic acid or ibandronate and SUCCESS
(NCT02181101) comparing 5 versus 2 years of zoledronic
acid, will provide additional data. Consequently, although
we would discourage the routine use of adjuvant
bisphosphonates in all postmenopausal women, their use
should be considered in individual cases of high-risk patients
where the absolute benefit justifies the negative impact of
therapy such as toxicity and cost (Figure 1a). Future studies
should aim to further delineate subsets of women most likely
to benefit from their use. The use of bone-targeted therapy can
also be considered in pre-menopausal women receiving OFS
(Figure 1b). However, such patients should be counseled
about the uncertainties regarding treatment efficacy.
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