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Potent antiresorptive drugs (bisphosphonate and denosumab) are often used to protect bone health in postmenopausal breast
cancer patients. In addition, clinical trials have shown that these drugs increase disease-free survival, though the mechanism of
adjuvant benefit is largely unknown. Here we review the bone health and adjuvant data for both classes of antiresorptive drugs
and highlight differences in their pharmacology. Inhibition of bone resorption is vitally important to protect against osteoporotic
fractures, and may also contribute to adjuvant survival benefits by making the bone microenvironment less amenable to breast
cancer metastasis. After a course of therapy, stoppage of bisphosphonates yields a persistent antiresorptive effect, whereas dis-
continuation of denosumab causes a rebound increase in bone resorption markers and a loss of bone mineral density to baseline
levels. Whether the potential adjuvant benefits of denosumab are also rapidly lost after drug discontinuation deserves further
investigation.

Introduction
In postmenopausal women with oestrogen receptor-positive
breast cancer, aromatase inhibitors are the standard of care
for adjuvant therapy. Because these drugs profoundly lower
postmenopausal circulating oestradiol levels to below the
lower limit of assay quantification, and since oestrogen in-
hibits bone resorption, these drugs lead to bone loss [1]. Thus,
aromatase inhibitors may compound the negative effects of
menopause and ageing on bone health [2]. Data from a large
Austrian cohort suggests that these drugs may increase frac-
ture risk across a wide range of ages and, surprisingly, even
in women with normal bone mineral density (BMD) [3]. Fur-
thermore, adjuvant aromatase inhibitors may be given for ten
years or more. Major osteoporotic fractures can be painful,
disabling and are associated with an increased risk for

mortality [4]. Therefore, potent antiresorptive drugs, namely
bisphosphonates and denosumab, are often used to main-
tain bone health and prevent fractures in aromatase
inhibitor-treated patients [5].

In this review, we summarize differences in pharmacology
(particularly offset of action) between bisphosphonates and
denosumab, as well as evidence for their protective effects
on bone health and tumour activity in postmenopausal
women with breast cancer. Breast cancer frequently metasta-
sizes to bone. Bone is constantly remodelled, causing libera-
tion of bone-derived growth factors embedded in the bone
matrix; it has been theorized that increased levels of bone re-
modelling could attract and promote growth of subclinical
bone metastases [6]. Thus, antiresorptive drugs were hypoth-
esized to prevent skeletal metastases from developing [7]. A
multitude of randomized adjuvant bisphosphonate studies
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have been conducted since the 1990s with data from the
most definitive meta-analysis supporting improved disease-
free and overall survival specific to postmenopausal breast
cancer patients [8]. Two adjuvant denosumab studies are on-
going. While numerous theories have been proposed to ex-
plain how bisphosphonates, and potentially denosumab,
provide this adjuvant benefit, results from clinical trials and
animal studies, also discussed in this review, suggest a direct
relationship with antiresorptive activity.

Pharmacology of antiresorptive drugs

Mechanism of action
Both nitrogen-containing (zoledronate, pamidronate,
alendronate, risedronate and ibandronate) and non-
nitrogen-containing (clodronate) bisphosphonates have
been studied in postmenopausal breast cancer patients.
Nitrogen-containing bisphosphonates reduce bone resorp-
tion by inhibiting an enzyme within osteoclasts, farnesyl
pyrophosphate synthase (FPPS); this interferes with the lo-
calization and function of small GTPases that are essential
for osteoclast activity and survival [9]. These agents are
chemically similar to inorganic pyrophosphate in the min-
eral component of bone, allowing them to bind avidly to di-
valent metal ions such as Ca2+ and accumulate in bone [9].
In contrast to the nitrogen-containing bisphosphonates,
bisphosphonates that do not contain nitrogen are taken
up by osteoclasts and incorporated into adenosine triphos-
phate (ATP), making it nonhydrolyzable and ultimately
leading to osteoclast apoptosis [10].

Denosumab, a fully humanized monoclonal antibody,
impairs the development, activation, and survival of osteo-
clasts [11] by blocking the receptor activator of nuclear factor
kappa-B ligand (RANKL) with high affinity and specificity. In
stark contrast to bisphosphonates, denosumab does not accu-
mulate in bone over time.

Pharmacokinetics
Oral bisphosphonates are poorly absorbed throughout the
gastrointestinal tract, with a bioavailability varying from
0.7–2.5%, and are better absorbed on an empty stomach
[12–14]. The majority of absorbed bisphosphonates are
cleared by the kidney. Use in the setting of renal dysfunction
must be undertaken with caution due to: uncertainties as to
whether there is a greater proportion of bone retention as glo-
merular filtration rate (GFR) declines, the presence of ady-
namic bone disease in some patients with stage IV and V
chronic kidney disease, and due to the potential renal toxic-
ity of intravenous bisphosphonates. In addition to kidney ex-
cretion, bisphosphonates are released into the circulation
and embedded in bone during bone formation. They dissoci-
ate from bone during subsequent resorption, explaining their
long and slow elimination from the skeleton [15].

In contrast, denosumab does not bind to bone mineral
and therefore is not recycled during bone turnover. The
bioavailability of denosumab (60–120 mg, administered sub-
cutaneously) was reported to be 61–64% [16]. After adminis-
tration of denosumab (60 mg), the mean maximum
denosumab concentration was 6.75 μg ml�1 with a median

time to maximum concentration of 10 days and a mean
half-life of 25.4 days. Unlike bisphosphonates, denosumab
is not excreted from the kidney and therefore dosage adjust-
ment is not required in patients with renal impairment [17].
There is no risk of renal toxicity with denosumab. However,
in some patients with renal impairment, denosumab has
been reported to cause severe hypocalcaemia.

Pharmacodynamics: persistent vs. rebound
effects on discontinuation
The optimal duration of antiresorptive drug treatment, both
for osteoporosis and for cancer treatment-induced bone loss,
remains controversial. Rare adverse effects common to long-
term exposure to bisphosphonates and denosumab are
osteonecrosis of the jaw and atypical femoral fracture [18].
The United States Food and Drug Administration (FDA) has
suggested individualizing treatment duration for bisphos-
phonate treatment of osteoporosis and, in low risk patients,
to consider stopping the drug after 3–5 years [19]. Per FDA la-
bel: ‘The optimal duration of use has not been determined.
All patients on bisphosphonate therapy should have the need
for continued therapy re-evaluated on a periodic basis’ [20].
In contrast, no such advice exists with denosumab. Given
their differing pharmacokinetics, the impacts of stopping
the two drugs classes are very distinct [11]. In the context of
breast cancer adjuvant therapy with aromatase inhibitors, a
common clinical scenario would be to discontinue bone pro-
tective therapy (provided that residual fracture risk is not
high) once the aromatase inhibitor is stopped.

Bisphosphonates. Because bisphosphonates can remain
bound to bone for years, they continue to exert an
antiresorptive (bone protective) effect even after
discontinuation. Thus, after reviewing long-term studies
with fracture data subsequent to drug discontinuation, the
FDA has suggested a potential ‘drug holiday’ after chronic
bisphosphonate use [19]. Two landmark trials in patients
with osteoporosis have demonstrated maintenance of bone
mineral density (BMD), or continued increases therein, for 3
or more years after stopping bisphosphonates. For example,
in a randomized extension of the HORIZON Pivotal Fracture
Trial (PFT), the BMD of patients who received zoledronate
(5 mg annually) for 3 years was compared to that of patients
receiving the drug for 6 years [21]. At 2 years after
discontinuation, BMD remained stable – at similar levels to
those of patients still receiving the drug, and only began to
decline slightly at 6 years (Figure 1). Similarly, the Fracture
Intervention Long-term Extension (FLEX) trial found that
stopping alendronate after 5 years led to moderate declines
in BMD 5 years later. This trial observed a statistically
significant increase in clinical vertebral fractures in those
subjects who discontinued alendronate compared with
those who continued alendronate for 10 years, which adds
complexity to the decision of whether or not to start a
‘bisphosphonate holiday’ [22].

Denosumab. Discontinuation of denosumab, in stark
contrast to bisphosphonates, is associated with a rebound
loss of BMD and increase in bone turnover markers
(Figure 2). Recently, cases of spine fractures temporally
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linked to denosumab discontinuation have been reported.
The rebound effects after drug discontinuation are not
prevented or slowed by extended treatment and the

accompanying usual large gains in BMD that follow it. Two
recent studies demonstrated rapid bone loss at all clinically
important sites within about a year of stopping denosumab

Figure 1
Residual effect of bisphosphonates after 3 years of treatment. Z3 is three yearly doses of zoledronic acid followed by no further treatment over the
next three years. Z6 is six yearly doses of zoledronic acid. At the 6-year mark, there is a small but significant 1.47% difference in bonemineral
density between Z3 and Z6 (0.80–2.14; P = 0.0001)

Figure 2
Effects of stopping denosumab after 24 months on total hip bone mineral density. There is an immediate drop in bone mineral density reaching a
value below baseline (pre-treatment) levels 24 months after denosumab cessation
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in patients receiving at least 7 years of denosumab treatment
[23, 24]. Importantly, Popp et al. found that BMD fell below
the pre-treatment baseline at the hip: by 5.5% and 3.8% at
total hip (TH) and femoral neck (FN), respectively [23].
Similarly, bone turnover markers have also been observed to
increase above pre-treatment baseline levels within 6
months after discontinuing denosumab [25].

A recent systematic review identified 24 patients with ver-
tebral fractures 8–16 months after denosumab discontinua-
tion, the majority (92%) of whom had multiple vertebral
compression fractures [25]. Five patients were on concurrent
aromatase inhibitor treatment and the reason for denosumab
discontinuation in four out of five was the end of aromatase
inhibitor therapy. Thus, the fractures in these four patients
could not have been caused by ongoing aromatase inhibitor
therapy. A recent post-hoc analysis of the FREEDOM trial also
demonstrated that the vertebral fracture rate quickly in-
creased upon denosumab discontinuation to the level ob-
served in untreated participants; those with a history of
vertebral fractures were at highest risk [26]. Although most
cases of ‘rebound’ vertebral fractures post-denosumab oc-
curred in patients naïve to other osteoporosis therapies, there
are anecdotal reports of patients who sustained vertebral frac-
tures despite previous teriparatide or bisphosphonate treat-
ment [25]. The underlying mechanism of rebound fractures
post-denosumab remains unclear, but one plausible explana-
tion is that the bone remodelling rate increases markedly af-
ter denosumab discontinuation.

Bone loss after denosumab cessation may be partially pre-
ventable by alendronate or by a single post-treatment dose of
zoledronic acid [27, 28]. A clinical trial (NCT02499237) inves-
tigating whether the latter strategy prevents the decrease in
BMD and increase in bone turnover markers after discontinu-
ation of denosumab is currently ongoing.

Use in breast cancer: impact on bone
mineral density and fracture risk

Bisphosphonates
Both oral and intravenous bisphosphonates preserve BMD in
postmenopausal breast cancer patients receiving endocrine
adjuvant therapy (Table 1). The largest increases were re-
ported in a study in which 25 osteoporotic patients and 22
osteopenic patients treated with anastrozole also received
alendronate. At 3-year follow-up, lumbar spine BMD in-
creased by 15.6% in the osteoporotic group and 6.3% in
the osteopenic group with alendronate treatment, whereas
patients without alendronate (n = 250) sustained a 5.4% loss
[29]. Oral bisphosphonates also preserve BMD in osteopenic
patients; double-blind, randomized, placebo-controlled tri-
als of ibandronate and risedronate found increases in lum-
bar spine (LS) and total hip (TH) BMD at 2-year follow-up
(~2–3% and ~1–2%, respectively, vs. ~2–3% and ~1–4%
losses with placebo) at 2-year follow-up [30]. A third clinical
trial investigated the effectiveness of oral risedronate in
postmenopausal women with early stage breast cancer re-
ceiving anastrozole. Patients were further stratified accord-
ing to their fracture risk. Patients with highest risk were all
given risedronate while patients with moderate risk were

randomly assigned to either risedronate or placebo. At 24
months, the moderate-risk group treated with risedronate
experienced a significant increase in LS (2.2% vs. �1.8%,
P < 0.0001) and TH BMD (1.8% vs. �1.1%, P < 0.0001)
compared with placebo [31]. A similar BMD increase was
also found in the high-risk group (3.0% at LS, P = 0.006
and 2.0% at FN, P = 0.01) [32].

Whether early administration of zoledronic acid is benefi-
cial was tested in the Z-FAST and ZO-FAST trials [33, 34]. In
both trials, patients were randomized to receive either early
treatment with zoledronate 4 mg every 6 months for 5 years
or delayed administration when spine or hip T-score de-
creased to<�2.0, or a clinical fracture occurred. In the Z-FAST
trial, at 61 months follow-up, both LS and TH BMD were sig-
nificantly better in the upfront treatment group than the de-
layed treatment group (adjusted mean difference 8.9% for LS
and 6.7% for TH, respectively). After 5 years, 25% of women
in the delayed treatment group received zoledronate [33].
Similarly, in the ZO-FAST trial, the mean change in LS BMD
was +4.3% with immediate zoledronate and �5.4% with de-
layed intervention (P < 0.0001) [34].

Despite the beneficial effects of bisphosphonates in
preserving BMD, none of the trials were powered to assess
fracture incidence as the primary outcome. Though one
meta-analysis of six randomized placebo-controlled clinical
trials investigating adjuvant oral and/or intravenous
bisphosphonates found no significant reduction in fracture
incidence in women receiving adjuvant aromatase inhibitors
for breast cancer, another more recent and larger meta-
analysis did show a fracture risk reduction (RR 0.85, 95% CI
0.75–0.97, P = 0.02) [8, 35]. Given that these were adjuvant
studies, fractures were not the primary endpoint, and may
not have been adequately captured as adverse events.

Denosumab
Though few studies have examined the ability of denosumab
to preserve BMD and reduce fracture risk in the context of
early-stage postmenopausal breast cancer, the one trial yet re-
ported strongly supported its efficacy. The Austrian Breast
and Colorectal Cancer Study Group-18 (ABCSG-18), a double
blind, placebo-controlled phase III trial, assigned 3420 post-
menopausal women with early hormone receptor positive
breast cancer treated with aromatase inhibitors to either
denosumab 60 mg or placebo every 6 months. Subjects were
randomized regardless of baseline BMD and/or fracture risk.
The primary endpoint was time to first clinical fracture. At
36 months, patients in the denosumab group had a signifi-
cant increase in BMD at all sites as compared with those in
the placebo group (LS 10.02%, TH 7.92% and FN 6.51%, all
adjusted P < 0.0001). Furthermore, time to clinical fracture
was significantly delayed in patients receiving denosumab
(HR 0.5 [95% CI 0.39–0.65], P< 0.0001). Denosumab also sig-
nificantly decreased the vertebral fracture rate (OR 0.53 [95%
CI 0.33–0.85], P = 0.009) [3]. The fact that denosumab
prevented fractures in a population unselected for traditional
risk factors for fracture such as low BMD and advanced age
implies that aromatase inhibitors may increase fracture risk
largely independent of BMD and age. As ethnicity influences
fracture risk, it is important to note that all the patients in this
study were of Austrian or Swedish ethnicity.
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Adjuvant effect of antiresorptive
therapy in postmenopausal breast
cancer

Bisphosphonates
Bisphosphonates have been shown to be effective in
preventing loss of BMD in breast cancer patients, while their
impact on breast cancer mortality has not been consistent.
However, over many years and several randomized controlled
trials of different bisphosphonates, clear evidence has
emerged for adjuvant benefit in postmenopausal but not pre-
menopausal patients.

The largest adjuvant bisphosphonate trial, Adjuvant
Zoledronate to Reduce Recurrence (AZURE), included 3360
patients (both premenopausal and postmenopausal) ran-
domized to receive standard adjuvant systemic therapy either
with or without zoledronate. At long-term follow-up (84
months), neither disease-free survival (DFS) nor overall sur-
vival (OS) differed between groups (DFS: HR 0.93, 95% CI
0.82–1.05, P = 0.22; OS: HR 0.93, 95% CI 0.81–1.07,
P = 0.29). However, zoledronate reduced the development of
bone metastases, both as a first event (HR 0.78, 95% CI
0.63–0.96, P = 0.020) and at any time during follow-up (HR
0.81, 95% CI 0.68–0.97, P = 0.022). The effects of zoledronate
on DFS were not affected by oestrogen-receptor status. A
preplanned analysis by menopausal status demonstrated that
zoledronate improved DFS in those who were over 5 years
since menopause at trial entry (n = 1041; HR 0.77, 95% CI
0.63–0.96) but not in other groups (premenopause, perimen-
opause and unknown status) (n = 2318; HR 1.03, 95% CI
0.89–1.20) [36].

Several meta-analyses have evaluated the effect of
bisphosphonates on survival and recurrence in early breast
cancer and found various positive effects (Table 2). A 2010
analysis of 13 eligible trials and 6886 patients found that
bisphosphonates did not reduce the overall number of
deaths (OR 0.708, P = 0.079), bone metastases (OR 0.925,
P = 0.413), overall disease recurrence (OR 0.843, P = 0.321)
or distal relapse (OR 0.896, P = 0.453), but a subgroup anal-
ysis (n = 4142) of six zoledronate studies found a statistically
significant lower risk of disease recurrence (OR 0.68,
P = 0.025). A slightly smaller subgroup analysis (n = 2925)
of three evaluable studies with zoledronate did not demon-
strate a significant reduction in overall mortality or bone re-
currence. [35]. In contrast to the 2010 analysis, Valachis
et al. showed that zoledronate decreased the risk of fractures
and improved overall survival by reducing the risk of death
by 19% (pooled HR 0.81, CI 0.70–0.94) in an analysis of 15
studies of zoledronate (seven studies of only postmeno-
pausal women, five of perimenopausal women and three
studies including both). There were no differences in DFS,
disease recurrence rate or bone recurrence. A subgroup
analysis to evaluate the impact of menopausal status was
not performed [37]. O’Carrigan et al. found that
bisphosphonates improved OS and were associated with a
reduced risk of bone metastasis compared with placebo (RR
0.86, P = 0.03). A subgroup analysis showed that this sur-
vival benefit was restricted to postmenopausal women (HR
0.77, P = 0.001); similarly, though bisphosphonates did
not improve DFS in the overall analysis, they did in

postmenopausal women (HR 0.82, P < 0.001). There was
no effect on fracture rates (RR 0.77, P = 0.13) [38].

In the Early Breast Cancer Trialists’ Collaborative Group
study (EBCTCG), which analysed data on 18 766 women in
26 trials, including the AZURE study, the use of
bisphosphonates was associated with a significant reduc-
tion in bone recurrence (RR 0.83, P = 0.004) and bone frac-
tures (RR 0.85, P = 0.02). Reductions in overall recurrence
(RR 0.94, 95% CI 0.87–1.01; P = 0.08), distant recurrence
(0.92, 0.85–0.99; 2P = 0.03), and breast cancer mortality
(0.91, 0.83–0.99; P = 0.04) were of borderline significance.
Subgroup analysis found that these benefits were highly
significant in women with documented menopause (if
menopausal status was unknown, all women ≥ age 55 were
considered postmenopausal), or who underwent medical
suppression of ovarian function. Among such postmeno-
pausal women (but not pre- or perimenopausal women),
bisphosphonate use was strongly associated with a lower
rate of recurrence (RR 0.86, 95% CI 0.78–0.94, P = 0.002),
distant recurrence (RR 0.82, 95% CI 0.74–0.92,
P = 0.0003), bone recurrence (RR 0.72, 95% CI 0.60–0.86,
P = 0.0002), and breast cancer mortality (RR 0.82, 95% CI
0.73–0.93, P = 0.002). Importantly, the overall survival ben-
efit appeared to be driven by lower rates of bone recurrence
over the first 4 years of follow-up, and, there was no differ-
ence in non-breast cancer related mortality [8].

Based on these data, the Cancer Care Ontario and Ameri-
can Society of Clinical Oncology clinical practice guidelines
recommend considering bisphosphonates as adjuvant ther-
apy for postmenopausal women with breast cancer who are
candidates for systemic therapy. Both zoledronate and
clodronate are recommended over ibandronate given that
the 50 mg daily dosing schedule of ibandronate in not avail-
able in the US and Canada [39]. Insufficient data is available
regarding the adjuvant activity of the oral bisphosphonates
alendronate and risedronate.

Preclinical studies in breast cancermodels point to various
possible mechanisms by which bisphosphonates improve
survival, such as preventing tumour cell adhesion to bone, in-
ducing tumour cell apoptosis, inhibiting angiogenesis, and by
activating gamma delta T cells [40–42]. Many of these mecha-
nisms, notably the effect on gammadelta T cells, are unique to
bisphosphonates and are not shared by denosumab.

Biochemical markers of bone turnover reflect acute
changes in bone resorption and dynamically respond to
antiresorptive therapy. Hence, if antiresorptive activity is a
driver of adjuvant effect, bone turnover markers would be a
useful indicator of adjuvant effect. Higher pretreatment
C-terminal telopeptides (B-CTx) (a serologic bone resorption
marker) was associated with significantly shorter bone-only
recurrence-free survival (RFS) in patients with postmeno-
pausal breast cancer in a post hoc analysis of a randomized
study (n = 667) [43]. A retrospective analysis of a limited num-
ber of postmenopausal patients in the AZURE trial was sug-
gestive of an association between baseline elevation in the
bone formation marker Procollagen Type I N-terminal
propeptides (PINP) and an increased risk of bone metastases
when compared with low baseline PINP (HR 1.58, 95% CI
1.00–2.50, P = 0.06) but not for distant recurrence overall.
However, PINP levels did not predict benefit from zoledronic
acid on bone or other recurrence. Baseline levels of serum
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CTx failed to be prognostic for bone metastases or distant re-
currence and also were not prognostic of benefit from
zoledronate on any recurrence [36]. The patients analysed
from the AZURE study may have been pre-, peri- or postmen-
opausal at study entry, whereas the analysis by Lipton et al.
was in postmenopausal patients, the population in which ad-
juvant benefit has been demonstrated.

Denosumab
In the ABCSG-18 trial of denosumab, the initial report dem-
onstrated a trend towards improved DFS (167 vs. 2013 recur-
rences or deaths), HR 0.82, P = 0.051. Subgroup analysis
showed that denosumab significantly improved DFS in pa-
tients with tumours larger than 2 cm (HR 0.66, P = 0.016),
that expressed both progesterone receptor (PR) and oestrogen
receptor (ER) (HR 0.75, P = 0.013) and that had ductal histol-
ogy (HR 0.79, P = 0.048) [3]. However, subgroup analysis of
relatively small numbers of patients may be misleading. The
updated results from ABCSG-18 demonstrated a clear im-
provement in DFS (HR 0.82, 95% CI 0.69–0.98, Cox
P = 0.026*) [44].

Another large randomized trial, the D-CARE trial, used a
more aggressive dosing schedule of denosumab: 120 mg sub-
cutaneously or matching placebo monthly for six months
and then every three months for up to 5 years. Less than half
(2149) of the 4509 subjects were postmenopausal, raising
questions about adequate statistical power. In an initial re-
port the trial failed to show an improvement in DFS or OS
with denosumab; analysis of the postmenopausal subgroup
showed similar results [45].

As with bisphosphonates, the mechanism of
denosumab’s adjuvant effect has yet to be fully elucidated.
Preclinical studies have suggested that denosumab may have
anti-tumour effects via interaction with the immune system
[46]. However, the fact that both bisphosphonates and
denosumab appear to improve DFS in postmenopausal breast
cancer suggests that antiresorptive activity is important and
that the antiresorptive effect on the bone microenvironment
could be the key driver (Figure 3). In the Early Breast Cancer
Trialists’ Collaborative Group (EBCTCG) meta-analysis,
mean scheduled treatment duration was 3.4 years. A total of
18 206 (97%) of 18 766 participants were in trials of 2–5 years
of treatment. Since median follow-up was 5.6 woman-years
(IQR 3.7–8.0), it was possible for 10-year outcomes to be
analysed [8]. This ‘long-term’ follow-up supports (but does
not prove) a persistent adjuvant effect of bisphosphonates af-
ter drug discontinuation, in keeping with their bone-binding
affinity and with the microenvironment hypothesis.

Following this logic, the marked increase in bone resorp-
tion after denosumab withdrawal would hypothetically be
expected to be temporally associated with loss of adjuvant
benefits; off-treatment data from studies such as ABCSG-18
could yield valuable insight into this potential issue (Table 3).

Adjuvant benefit in postmenopausal patients
only: implications for mechanism
It is not completely understood why the adjuvant benefit was
only observed in the postmenopausal state for adjuvant bis-
phosphonate trials. Theoretically, this selective adjuvant ben-
efit based on menopausal status could be related to the fact
that postmenopausal oestrogen deficiency increases bone

Figure 3
Many potential mechanisms to explain the adjuvant activity of bisphosphonates in postmenopausal breast cancer have been proposed. In light of
the ABCSG-18 denosumab adjuvant data, a unifying explanation is that the antiresorptive effect in the bone microenvironment (inhibiting release
of matrix derived growth factors) is the mechanism
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turnover. This liberates bone-derived growth factors, theoret-
ically creating a ‘fertile soil’ in which micrometastatic disease
(‘seeds’) may propagate [47]. Lowering bone resorption with
powerful antiresorptive drugs (bisphosphonates and
denosumab) could thus make the bone microenvironment
less hospitable for metastatic bone disease to take root. In
a mouse model, surgically induced menopause (which
causes an abrupt increase in bone resorption) increased the
number of bone tumours following inoculation of MDA-
MB-231 breast tumour cells, and promoted their progres-
sion; these effects were blocked by zoledronate [48]. With
sham ovariectomy, zoledronate showed no anti-tumour
activity. Recombinant parathyroid hormone, which also
increases bone resorption, similarly increased tumour devel-
opment in bone. Overall, this preclinical study demon-
strated a correlation between increased bone resorption
and tumour growth in bone.

In the case of denosumab, the ABCSG-18 data and the
data from the postmenopausal cohort from the D-CARE
study conflict, with the former showing adjuvant DFS benefit
while the latter did not. The two studies had very different
study populations, with ABCSG-18 having the vast majority
of subjects being node negative (71%) and not treated with
chemotherapy (75%), whereas the D-CARE study did not
(95% node positive and only 4% did not receive chemother-
apy). Unlike the ABCSG-18, the D-CARE study did not require
patients to have recently initiated aromatase inhibitor ther-
apy. Aromatase inhibitors are known to increase bone resorp-
tion and therefore, according to the bone microenvironment
hypothesis, this inclusion criterion may have facilitated the
denosumab DFS benefit in ABCSG-18 by enriching the study
population. On the other hand, it does not appear likely that
the ABCSG-18 DFS benefit was driven by a reduction in met-
astatic bone disease. Final publication of ABCSG-18 is
awaited to resolve this issue.

Conclusion
Promising new data on the adjuvant use of the antiresorptive
agents bisphosphonates and denosumab have demonstrated
a positive impact on BMD and fractures in postmenopausal
breast cancer patients. Bisphosphonates have been exten-
sively studied in randomized adjuvant trials and the most de-
finitive meta-analysis shows that they improve survival due
to reduction in metastatic bone disease. The two randomized
trials of denosumab to date reflect different patient popula-
tions and have shown conflicting preliminary results (peer
reviewed publication pending). Upon discontinuation,

bisphosphonates have a persistent effect on BMD and bone
turnover due to their high affinity to hydroxyapatite. In con-
trast, stopping denosumab leads to a rapid rebound in bone
resorption and decline in BMD. In osteoporosis patients,
cases of vertebral fragility have been attributed to the
rebound effect, and strategies to block the rebound by
following denosumab therapy with oral or intravenous
bisphosphonates are being investigated. Following, or ‘chas-
ing’, denosumab with a bisphosphonate appears particularly
important in patients at high risk for osteoporotic fractures.
Whether the ‘rebound effect’ has clinical implications for
the potential adjuvant activity of denosumab in early breast
cancer remains to be seen and likely depends on the mecha-
nism of adjuvant effect, which itself has yet to be fully eluci-
dated. However, the fact that two different classes of potent
antiresorptives have yielded remarkably similar disease-free
survival benefits in postmenopausal breast cancer suggests
that antiresorptive activity may be an important common de-
nominator yielding adjuvant benefit (Figure 3). An unre-
solved question is the discrepancy in adjuvant outcomes
between the two adjuvant studies of denosumab thus far. Fi-
nally, further research should investigate whether the loss of
antiresorptive activity following denosumab discontinuation
could have negative clinical implications for both the dem-
onstrated fracture benefits as well as for the possible adjuvant
activity of this agent.

Nomenclature of targets and ligands
Key ligands in this article are hyperlinked to corresponding
entries in http://www.guidetopharmacology.org, the com-
mon portal for data from the IUPHAR/BPS Guide to
PHARMACOLOGY [49].
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