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Breast cancer is the malignancy with the 
highest incidence in females, and patient 
clinical outcomes are steadily improving 
during the last decades. Early detection 
and advances in adjuvant therapies are 
the possible explanations for the observed 
mortality reduction.

The rationale for administering adju-
vant systemic therapies in women with 
radically operated breast cancer is to 
eradicate micrometastases that are sup-
posed to be present at the time of surgery. 
Disseminated tumor cells (DTCs) from 
breast cancer and other solid tumors can 
colonize the bone early during the dis-
ease course. DTCs directly compete with 
hematopoietic stem cells for occupancy of 
the osteoblastic niches in the bone mar-
row  [1]. Since this niche allows DTCs to 
evade systemic anticancer therapies, the 
bone marrow is both a storehouse and a 
sanctuary for these cells that lay dormant 
for a considerable period of time before 
becoming active and able to metastasize 
to skeletal and extraskeletal sites [1].

Cytokines and growth factors derived 
from the bone microenvironment modu-
late the activity of DTCs in the osteoblastic 
niche [2].

Bisphosphonates (BPs) are ana-
logs of pyrophosphates that can inhibit 

osteoclast-mediated bone resorption. As a 
result, BPs deprive the bone microenviron-
ment of bone-derived growth factors that 
are required for seeding and growth in the 
bone marrow [3]. The use of these drugs in 
patients with early breast cancer may render 
the bone microenvironment less fertile for 
metastatic tumor growth and prolong the 
dormant state of DTCs within their niche.

Evidence of efficacy of BPs in 
early-stage breast cancer
Several randomized clinical trials have 
evaluated the efficacy of BPs adminis-
tered in adjuvant setting in addition to 
chemotherapy and endocrine therapy with 
conflicting results [3].

Whenever the evidence is not defini-
tive, clinical researchers increasingly rely 
on systematic reviews and meta-analyses 
to estimate the effect size of a particular 
treatment in a defined disease setting. 
Ben-Aharon et al. reported no significant 
difference in either disease-free survival 
(DFS) or overall survival (OS) in a pooled 
analysis of 13 randomized trials evaluat-
ing adjuvant BPs (hazard ratio [HR] of 
DFS: 0.95; 95% CI: 0.81–1.12; HR of 
OS: 0.89; 95% CI: 0.79–1.01)  [4]. This 
literature-based meta-analysis, however, 
demonstrated a positive effect on DFS for 
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“Further research is warranted to determine the optimal antiresorptive 
agent and the schedule to achieve a clinically meaningful benefit in 

patients with early-stage breast cancer.”

“Breast cancer is the malignancy 
with the highest incidence in 
females, and patient clinical 

outcomes are steadily improving 
during the last decades.”
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adjuvant BPs in the subgroup of postmenopausal 
women [4].

More recently, the Early Breast Cancer Trials 
Collaborative Group (EBCTCG) presented 
the results of an individual patient data meta-
analysis of 26 randomized trials assessing the 
role of adjuvant BPs in early-stage breast can-
cer [5]. BP therapy was associated with a modest 
although significant improvement in the rate 
of distant recurrences in a study population of 
more than 18,700 patients (10-year gain 1.4%; 
p = 0.03). However, in the postmenopausal 
subgroup (11,767 women), a significant 28% 
risk reduction of bone recurrences and a 18% 
risk reduction in breast cancer mortality was 
reported (10-year gain in breast cancer mortality 
3.3%; p = 0.002) [5].

Classification of BPs
BPs are classified on the basis of whether they 
contain nitrogen (N) atom or not. Non-N-BPs 
such as etidronate and clodronate are less potent 
than N-BPs (pamidronate, alendronate, risedro-
nate, ibandronate, zoledronic acid) at inhibit-
ing osteoclast activity [1]. The higher potency of 
N-BPs, such as zoledronic acid, translates into 
greater efficacy in reducing the risk of skeletal 
complications in patients with multiple myeloma 
or bone metastatic breast cancer [6].

In vitro, N-BPs have shown antitumor activity, 
as they inhibit tumor cell adhesion, migration, 
invasion and proliferation and induce tumor cell 
apoptosis [3]. In addition, these compounds are 
synergistic with chemotherapeutic agents [3]. For 
example, in the AZURE neoadjuvant prospec-
tive randomized trial, zoledronic acid adminis-
tered in combination with chemotherapy before 
surgery in breast cancer patients led to a higher 
rate of pathological complete response than 
chemotherapy alone [7].

N-BPs have also shown antiangiogenic effects 
and may have clinically relevant immunomodula-
tory effects through the stimulation of cytotoxic 
γδ T-cell-mediated immune response [3].

The higher potency of N-BPs together with 
their direct antineoplastic, antiangiogenic and 
immunomodulatory activities make these drugs 
theoretically more efficacious than clodronate 
when administered in adjuvant setting.

In the EBCTCG meta-analysis, the effects of 
BPs on bone recurrences were similar irrespec-
tive of the type of BP employed (clodronate vs 
N-BPs) and the schedule (BP doses for osteopo-
rosis vs those for cancer) [5]. These findings do 

not support the hypothesis of the superiority of 
N-BPs over non-N-BPs in adjuvant setting.

An explorative meta-analysis to assess the 
efficacy of different BPs
To provide information on the effect of adjuvant 
N-BPs compared with clodronate on survival in 
early breast cancer, we performed a literature-
based meta-analysis of 12 randomized prospec-
tive trials comparing different BPs with either 
placebo or no antiresorptive therapy [8–19]. For 
all of these studies, data on OS were reported in 
the most updated publication. The meta-analysis 
demonstrated a weak effect of adjuvant BPs on 
OS considering the complete set of 12 trials (HR 
of death: 0.92; 95% CI: 0.80–1.04) with moder-
ate heterogeneity among trials (I2 = 43%); this 
calculated effect estimate is close to the event 
rate ratio (BPs vs control) of breast cancer mor-
tality reported by the EBCTG meta-analysis 
(rate ratio: 0.90; SE: 0.045) [5].

In four of these 12 trials (4981 patients) 
clodronate was employed in the experimental 
arm  [8–11]. In eight trials (10,927 patients) an 
N-BP was tested (zoledronic acid, pamidronate, 
ibandronate or risedronate) [12–19]. In the clodro-
nate trial subset, patients treated with antiresorp-
tive therapy had a nonsignificant reduction in the 
risk of death compared with those in the control 
arms (HR of death: 0.86; 95% CI: 0.67–1.11), 
with a strong heterogeneity (I2 = 61%) driven by 
a single trial [8]. In the N-BP trial subset, OS was 
not different among patients randomized to the 
N-BP group compared with the control group 
(HR of death: 0.96; 95% CI: 0.83–1.11), with 
modest heterogeneity among trials (I2 = 25%). 
In this analysis, the treatment effect estimate 
was not significantly different between the two 
trial subsets, suggesting that adjuvant treatment 
with high-potency N-BPs is not more effective 
on survival than adjuvant clodronate in patients 
with breast cancer. Interestingly, the point esti-
mate of the calculated hazard ratio was better in 
the clodronate trial subset than in the N-BP trial 
subset (0.86 vs 0.96).

Why is the effect of adjuvant clodronate 
not inferior when compared with more 
potent N-BPs?
The efficacy of clodronate in adjuvant setting is 
confirmed by the results of a recently published 
pharmaco-epidemiological study on 21,664 
women with breast cancer  [20]. This study 
has shown a lower risk of skeletal metastasis 
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and all-cause mortality in patients receiving 
low-dose oral bisphosphonates for prevention 
or treatment of postmenopausal osteoporosis 
compared with those never exposed to BPs [20].

Clodronate is a weak BP that is also poorly 
absorbed when administered orally [10]. Therefore, 
the efficacy of this drug in adjuvant setting sug-
gests that a low reduction of bone turnover could 
be associated with a survival impact.

It is not clear why a greater inhibition of bone 
turnover induced by more potent N-BPs seems 
to fail to translate into better outcome benefits 
in women with early breast cancer. One possible 
explanation is that the greater bone turnover 
inhibition induced by N-BPs can induce cal-
cium entrapment in bone and secondary hyper
parathyroidism in response to the increased cal-
cium demand. Hyperparathyroidism after BP 
treatment is also favored by an hypovitaminosis 
D status that is highly prevalent in breast cancer 
patients that receive adjuvant therapies [21].

Parathyroid hormone (PTH) induces the 
expression of RANKL on osteoblasts and stro-
mal cells in the bone marrow. RANKL binds 
the RANK receptor on osteoclast precursors 
and promotes osteoclastogenesis. In turn, bone 
resorption by osteoclasts releases other peptides 
which can promote tumor growth (i.e., TGF-β, 
IGFs and PDGF) [22]. PTH can also stimulate the 
osteoblast niche within the bone marrow. In fact, 
it increases the expression level of N-cadherin 
on osteoblasts  [23]. N-cadherin-mediated adhe-
sion may link to the canonical Wnt and Notch1 
pathway through β-catenin, and these signaling 
pathways are essential for hematopoietic stem cell 
renewal [24]. As a matter of fact, PTH stimulation 
can induce mobilization of hematopoietic stem 
cells within the osteoblast niche  [24], and with 
the same mechanism it could also stimulate the 

regenerative capacity of DTCs in the niche. PTH 
is similar to PTH-related peptide (PTHrp) and 
both PTHrp and PTH share the same receptor 
(PTHR1) which is expressed on different types 
of cancers. The interaction of PTH/PTHrp 
with PTHR1 can promote cell proliferation 
and growth, resistance to apoptosis, invasion 
and metastasis  [22]. Of note, a post hoc analysis 
of a randomized placebo-controlled trial evaluat-
ing zoledronic acid for metastatic prostate cancer 
reported that elevated serum PTH levels could 
predict worse outcomes in patients treated with 
zoledronic acid [25].

Clodronate has shown fewer direct antitumor 
effects than N-BPs in preclinical models  [26]. 
Nonetheless, the weaker inhibition of osteoclast-
mediated bone resorption induced by clodronate 
may prevent the raising of serum PTH levels. Of 
course, this is a speculative interpretation that 
should be considered as a suggestion for future 
studies.

Overall, this explorative analysis underlines 
how difficult targeting the bone microenviron-
ment to control the activity of DTCs within the 
osteoblastic niche is. Further research is warranted 
to determine the optimal antiresorptive agent and 
the schedule to achieve a clinically meaningful 
benefit in patients with early-stage breast cancer.
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