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Abstract
Breast cancer (BC) is the leading cause of cancer-related mortality among women, with early BC (EBC) comprising most 
cases. Advancements in neo(adjuvant) therapies have significantly improved outcomes, although they are often associated 
with cancer treatment-induced bone loss, which increases the risk of fractures and negatively impacts quality of life. 
Bone-modifying agents (BMAs), such as bisphosphonates and denosumab can mitigate this adverse effect. By reviewing 
and summarizing the most recent evidence published on BMAs use in EBC, an expert Italian Panel, composed of the 
authors of the Italian Association of Medical Oncology (AIOM) guidelines, offers an extended clinical interpretation and 
updated overview of key questions and recommendation, including the optimal timing of BMAs initiation, appropriate 
treatment duration, and the most effective agents for fracture risk reduction. Additionally, a critical and previously 
unaddressed topic is also discussed: BMAs impact on survival outcomes in EBC scenario. This paper offers practical 
insights into bone health management for EBC patients, explores the potential survival benefits offered by BMAs, and 
highlights differences among international guidelines regarding their recommended use.
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Introduction

In 2020, global estimates reported 2.3 million new cases of 
breast cancer (BC), including 55,000 in Italy, accounting 
for nearly 12% of all new cancer diagnoses.1 With 685,000 
associated deaths, BC remains the leading cause of cancer-
related mortality among women worldwide.2 Most cases, 
classified as early BC (EBC), can be cured with multi-
modal treatment, although not without side effects. Among 
the most common complications, cancer treatment-induced 
bone loss (CTIBL) and the subsequent increased risk of 
fragility fractures is clinically relevant, and significantly 
impact morbidity and quality of life.3,4 Notably, the dete-
rioration of bone quantity and quality occurs through vari-
ous (neo)adjuvant therapies, primarily endocrine treatment 
(ET), but also through radiotherapy and chemotherapy, 
with the latter potentially inducing iatrogenic premature 
menopause. Moreover, concomitant medications, such as 
high-dose glucocorticoids, also contribute to CTIBL. 
Specifically ET, including tamoxifen (TAM), 
Gonadotropin-Releasing Hormone (GnRH) analogues, 
and aromatase inhibitors (AIs), represent the cornerstone 
of adjuvant treatment for hormone receptor-positive 
(HR+) EBC. Notably, they create an estrogen-deprived 
environment, eliminating the protective, anti-resorptive 
effect of estrogen on bone tissue. This accelerates the 
decline in bone mineral density (BMD) and increases the 

risk of fractures.5 However, in the EBC setting, bone-mod-
ifying agents (BMAs) have the potential to reduce skeletal 
complications, including BMD loss and fractures. 
However, their impact on lowering the risk of (bone) 
recurrence and improving overall survival (OS) remains to 
be fully established. In December 2020 the European 
Society for Medical Oncology (ESMO) published the 
Clinical Practice Guidelines on bone health in cancer6 with 
dedicated attention on BMAs use in EBC patients. In 
January 2022, Cancer Care Ontario (CCO) and American 
Society of Clinical Oncology (ASCO) released an updated 
joint guideline on BMAs use in the same setting, with a 
specific focus on their role for BC recurrence risk reduc-
tion.7 Meanwhile, the Italian Association of Medical 
Oncology (Associazione Italiana di Oncologia Medica, 
AIOM) issued new guidelines on EBC in November 2023, 
and on bone metastasis and bone health in May 2024.8,9

The 2020 ESMO guidelines emphasized that BMAs 
should primarily be considered for menopausal patients 
who are at intermediate to high risk of recurrence, in order 
to reduce the risk of metastatic spread.6 Specifically, zole-
dronic acid (ZOL), initiated alongside adjuvant chemo-
therapy and then administered every six months, or daily 
oral ibandronate or clodronate, can be considered for this 
purpose, although the optimal treatment duration remains 
uncertain. Conversely, although denosumab (60 mg every 
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six months) is not recommended for reducing recurrence, 
it should be the preferred option for preventing fractures in 
postmenopausal women with low-risk disease.

The 2022 CCO-ASCO guidelines recommend that 
adjuvant bisphosphonate (BPs) therapy, should be dis-
cussed with all post-menopausal EBC patients (natural or 
therapy-induced), irrespective of HR and human epider-
mal growth factor receptor 2 status (HER2), who are can-
didates to receive adjuvant systemic therapy, as a strategy 
to reduce the risk of recurrence.7 Specifically, for this pur-
pose, it is recommended that BPs administration begins 
early, alongside the initiation of (neo)adjuvant treatment, 
within three months of definitive surgery or two months of 
completing adjuvant chemotherapy. The “high-dose” regi-
mens typically include ZOL administered intravenously 
(IV) at (4 mg once every six months for three years or 4 mg 
once every three months for two years) or daily oral clo-
dronate (1600 mg daily for two-three years) or oral iban-
dronate (50 mg daily for three years). The NHS PREDICT 
tool can help estimate BPs benefit, which indeed depends 
on the underlying risk of recurrence, and may aid in shared 
decision-making, also considering factors such as the risk 
of side effects, financial toxicity, drug availability, patient 
preferences, comorbidities, and life expectancy. 
Conversely, denosumab is not recommended for reducing 
the risk of BC recurrence, as studies show inconsistent 
benefits.

Both the 2023 AIOM guideline on EBC8 and the 2024 
AIOM guideline on bone metastasis and bone health9 have 
addressed the use of BMAs, emphasizing their role in 
maintaining bone health and providing skeletal protection. 
They recommended initiating treatment with BMAs, at the 
same “low-dose” recommended for women with osteopo-
rosis, in patients with HR+ EBC who are post-menopau-
sal, whether due to natural causes, surgery, chemotherapy, 
or GnRH analogues. This treatment should begin at the 
onset of ET, regardless of T-score values, and be continued 
for its entire duration. According to Agenzia Italiana del 
Farmaco (AIFA) Note 79 (Determination No. 589, Official 
Gazette No. 115 of 05/20/2015), the use of three BPs, ZOL 
(5 mg IV every 12 months), alendronate (70 mg orally per 
week ± vitamin D), and risedronate (35 mg orally per 
week), as well as denosumab (60 mg subcutaneously every 
six months), are authorized and reimbursed by the National 
Health Service (SSN) for the primary prevention of bone 
fractures (but not for survival outcomes improvement) in 
menopausal women undergoing adjuvant ET.

Methods

The AIOM Clinical Guidelines were developed following 
the AIOM standard operating procedures for guidelines 
development.10 Since the publication of their most recent 
versions, no novel results from phase III randomized con-
trolled trial have been published on the use of BMAs in the 

EBC setting. However, several notable meta-analyses, 
small randomized controlled studies, trial updates, and 
exploratory subanalyses have emerged since then, offering 
new perspectives.11-18 An expert Italian panel, including 
the extensor of the AIOM guidelines on EBC and bone 
metastasis and bone health, reviewed these findings to 
offer an extended clinical interpretation and an updated 
overview of previously addressed key questions and rec-
ommendations, along with a fourth previously unexplored 
topic, as follows:

- � Key Question 1: In women with breast cancer 
undergoing adjuvant hormone therapy, which drugs 
should be used to reduce the risk of fractures in 
CTIBL?

- � Key Question 2: When should patients with breast 
cancer who are starting adjuvant hormone therapy 
begin treatment with anti-resorptive agents?

- � Key Question 3: For how long should a patient 
undergoing adjuvant hormone therapy be treated 
with BMAs to prevent fractures from CTIBL?

- � Key Question 4: Is there a role for adjuvant BMAs 
in improving survival outcomes for EBC patients?

Updated overview on AIOM key 
questions and recommendations

Key Question 1: In women with EBC 
undergoing adjuvant hormone therapy, which 
drugs should be used to reduce the risk of 
fractures in CTIBL?

Recommendation 1. In women with BC undergoing 
adjuvant hormone therapy with aromatase inhibitors 
(+/- GnRH analogue), denosumab 60 mg/each six 
months should be considered for the prevention of 
CTIBL fractures.

-  Certainty of evidence: moderate

- � Strength of recommendation: strong in favor (as per 
the GRADE framework)

Clinical interpretation 1.  Several trials, meta-analyses, and 
studies demonstrate that BMAs, such as denosumab and 
BPs, effectively prevent CTIBL in EBC patients receiving 
adjuvant AIs with or without GnRH analogues.19 Con-
versely, this does not apply to TAM, which affects bone 
differently and depending on menopausal status. Indeed, 
in a cohort of 5 million EBC patients treated with TAM, 
Kyvernitakis et  al. reported a higher fracture incidence 
among women aged 18–50 (6.3% vs. 3.6%; HR 1.75, 95% 
CI 1.25–2.48) compared to no significant difference in 
those aged 55–90 (10.1% vs. 9.3%; HR 0.97, 95% CI 
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0.81–1.16).20 This paradox may be explained considering 
that in post-menopausal women, when estradiol levels are 
very low, TAM acts as an estrogen agonist in bone offering 
protective effects, while in pre-menopausal women, it may 
elicit an opposite impact by competing with the stronger 
estradiol for HR binding. Furthermore, in pre-menopausal 
women, TAM, with or without GnRH analogues, seems 
less detrimental to bone than AIs combined with GnRH 
analogues.21 Therefore, standalone TAM does not neces-
sitate BMAs for skeletal protection in post-menopausal 
women, while in pre-menopausal EBC patients, evidence 
for their benefit is limited and indirect.3 A visual summary 
of current evidence on the impact of each class of BMAs 
on bone health, stratified by menopausal and HR status, is 
presented in Figure 1 and Figure 2.

“ABCSG-18”, a large double-blind phase III trial, ran-
domized 3425 postmenopausal HR+ EBC patients on 
adjuvant AI to receive denosumab at the osteoporotic dos-
age (60 mg subcutaneously every six months for five 

years) or placebo, with time to first clinical fracture as the 
primary endpoint.22 After 11 years from randomization, a 
maintained, albeit reduced, bone protection with deno-
sumab was reported either in terms of preserved BMD at 
the lumbar spine, total hip, and femoral neck and espe-
cially in terms of reduced fracture incidence (HR 0.76; 
95% CI, 0.63 to 0.92; overall rates 15.9% vs 19.2%).11 
These positive results were also confirmed by the other 
large phase III randomized trial, the “D-CARE”, which 
randomized 4509 patients to receive placebo or a more 
intensive schedule (120 mg subcutaneously every three to 
four weeks for approximately six months, then every 12 
weeks for a total duration of five years).23 It enrolled both 
pre- and post-menopausal patients and HR+/negative sub-
types. Nearly all received (neo)adjuvant chemotherapy 
along with anti-HER2 therapy and ET accordingly to spe-
cific subtype. Also, in this case the time to first on-study 
fracture, evaluated as a prespecified exploratory endpoint, 
favored the denosumab group (HR 0.76 95% CI 

Figure 1.  Visual summary of current evidence on the impact of each class of BMAs on bone health and survival outcomes, 
stratified by breast cancer HR status in post-menopausal patients, including those with treatment-induced (iatrogenic) menopause 
such as pre-menopausal women receiving ovarian suppression.

= indicates the presence of randomized trials or robust prospective direct evidence demonstrating a significant benefit in terms of either recur-
rence risk reduction or bone health improvement, specifically within the considered subgroup (defined by menopausal and receptor status).

= indicates indirect (not specific to the subgroup), inconclusive evidence or derived from retrospective studies, non–pre-specified subgroup analy-
ses, or meta-analyses.

= indicates a lack of evidence supporting any benefit for the given subgroup and outcome.
* Both "low-dose" zoledronate (4 mg every six months for three years) and "high-dose" regimens (4 mg IV every three to four weeks for 6 doses, 
then every three months for 8 doses, followed by every six months for 5 doses)
Breast Cancer (BC), Intravenous (IV), Bisphosphonates (BPs), Hormone Receptor–Negative (HR-neg), Hormone Receptor–Positive (HR+), 
Disease-Free Survival (DFS), Bone Metastasis–Free Survival (BMFS).
Illustrations were created by the authors using bioRender (https://www.biorender.com) and Microsoft PowerPoint.

https://www.biorender.com
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0.63–0.92) regardless of menopausal status.24 Recently, 
Mastrantoni et  al. conducted an intriguing meta-analysis 
combining data from these two large trials.13 Regardless of 
menopausal status, it confirmed a statistically significant 
reduction in the time to the first fracture (HR 0.76; 95% CI 
0.67–0.87) and a reduction in fracture incidence (relative 
risk [RR] 0.79; 95% CI 0.70–0.89) with five years of deno-
sumab treatment compared to placebo (at 72 months fol-
low-up, 10.7% vs. 14.2% with placebo).13 A recent small 
randomized controlled trial, specifically enrolling pre-
menopausal HR+ patients (N=68) undergoing adjuvant AI 
and GnRH analogue, confirming that “low-dose” deno-
sumab effectively preserved BMD, bone microarchitec-
ture, and estimated bone strength in this setting, likely 
improving fracture-free survival.17

On the other hand, among BPs, ZOL has the most 
extensive and consistent evidence of skeletal protection in 
both pre- and post-menopausal settings.3,4,25 However, 
ZOL's primary benefit lies in improving and preserving 
BMD.26-29 However, the latter is a main predictive factor 
for fracture and therefore a surrogate endpoint for their 
prevention only in an osteoporosis setting.30 Indeed, the 

pathophysiology underlying CTIBL in EBC patients 
undergoing adjuvant ET, differs from that of primary and 
postmenopausal osteoporosis, with a prevalent role for 
bone quality alterations rather than quantity.30 For exam-
ple, some evidence suggests that fat body mass may be 
another independent predictive factor associated with fra-
gility fractures in this setting. Therefore, a comprehensive 
osteo-sarcopenic obesity evaluation could be considered 
as a more reliable predictor of skeletal complications, 
beyond a BMD-centered approach.31-33 Moreover, direct 
evidence from large randomized trials on fracture risk 
reduction with ZOL is limited, being mostly evaluated as a 
secondary endpoint. For example, the phase III “AZURE” 
trial randomized both HR+/HR- and pre- and post-meno-
pausal EBC patients to receive ZOL or placebo in addition 
to standard (neo)adjuvant therapy (chemotherapy and/or 
ET, both TAM and/or AIs without ovarian suppression).28,34 
It demonstrated a reduction of the five-year fracture rate 
(5.9% [95% CI 4.8–7.1%] vs 3.8% [95% CI 2.9–4.7%]), 
regardless of menopausal status, in both HR+ (control 
9.16% vs. ZOL 6.71%) and HR- disease (control 6.36% 
vs. ZOL 4.35%) and a significant delay in the time to the 

Figure 2.  Visual summary of current evidence on the impact of each class of BMAs on bone health and survival outcomes, 
stratified by breast cancer HR status in pre-menopausal patients, excluding those receiving ovarian suppression.

= indicates the presence of randomized trials or robust prospective direct evidence demonstrating a significant benefit in terms of either recur-
rence risk reduction or bone health improvement, specifically within the considered subgroup (defined by menopausal and receptor status).

= indicates indirect (not specific to the subgroup), inconclusive evidence or derived from retrospective studies, non–pre-specified subgroup analy-
ses, or meta-analyses.

= indicates a lack of evidence supporting any benefit for the given subgroup and outcome.
Breast Cancer (BC), Intravenous (IV), Bisphosphonates (BPs), Hormone Receptor–Negative (HR-neg), Hormone Receptor–Positive (HR+).
Illustrations were created by the authors using bioRender (https://www.biorender.com) and Microsoft PowerPoint.

https://www.biorender.com
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first fracture (HR 0.69, 95% CI 0.53–0.90).34 However, it 
should be noted that most of the fracture prevention bene-
fit was observed after a DFS event (HR 0.3; 95% CI 0.17–
0.53) and skeletal outcomes were evaluated as secondary 
endpoint. Moreover, the intensive “high-dose” regimen 
employed in this trial (4 mg IV every three to four weeks 
for 6 doses, followed by every three months for 8 doses, 
and then every six months for 5 doses) differ from the “low 
dose” used routinely in the osteoporotic setting. 
Nevertheless, real-world evidence supports ZOL’s protec-
tive effect at the osteoporotic “low dose” (5 mg IV every 
12 months) against vertebral fractures in both pre- 
(although examined in conjunction with oral BPs) and 
post-menopausal EBC patients undergoing AIs.32,35

Similarly, data on the use of orally administered BPs 
(such as pamidronate, ibandronate, risedronate, and clodro-
nate) show only modest effectiveness in increasing BMD at 
the lumbar spine and maintaining it at the femoral head, 
with limited and indirect evidence for fracture prevention.3 
For instance, a large-scale observational study of 36,472 
post-menopausal osteoporotic EBC patients receiving AIs 
and oral BPs indicated a 30% reduction in fractures over 10 
years (HR 0.69, 95% CI 0.48–0.98).36 Conversely, other 
real-world evidence shows no significant fracture risk 
reduction with oral BPs in post-menopausal EBC patients 
undergoing AI, whereas a benefit is observed in pre-meno-
pausal patients (although evaluated including also 
ZOL).32,35 A comprehensive meta-analysis by the Early 
Breast Cancer Trialists' Collaborative Group (EBCTCG), 
which included 13,341 HR+/- pre- and post-menopausal 
EBC patients receiving BPs, reported a reduction in frac-
ture rates (5.1% vs. 6.3% although also including IV 
agent).37 Additionally, a recent network meta-analysis, 
including overall 34 trials with 33,793 EBC patients, 
observed that treatment with clodronate or ibandronate sig-
nificantly decreased the number of fractures compared to 
no treatment or placebo (clodronate: RR 0.60, 95% CI 
0.39–0.92; ibandronate: RR 0.57, 95% CI 0.38–0.86).38 In 
the same direction, risedronate was found to probably 
reduce the number of fractures (RR 0.56, 95% CI 0.15–
2.16), while pamidronate likely increased the number of 
fractures (RR 1.52, 95% CI 0.75–3.06), though with mod-
erate certainty. Interestingly, in contrast with the existing 
literature, the same network meta-analysis seems to down-
play the protective role of denosumab and ZOL, since the 
authors observed only a likely slight reduction in the num-
ber of fractures with these agents (RR 0.73, 95% CI 0.52–
1.01 and RR 0.79, 95% CI 0.56–1.11 respectively).

In the EBC setting, it remains unclear which of the two 
drug classes offers greater benefit, as no head-to-head com-
parison exists. However, even at the osteoporotic ‘low dose,’ 
denosumab has stronger evidence for fracture risk reduc-
tion, supported by large randomized controlled trials with 
long-follow up period, compared to BPs, particularly oral 
formulations, evaluated in smaller cohorts with inconsistent 

and limited results. Therefore, for the prevention and man-
agement of CTIBL, denosumab 60 mg every six months is 
consistently considered a valid option across various inter-
national guidelines.6–9 Unlike the Italian recommendation 
and associated reimbursement criteria, which restrict its use 
solely to bone protection, other guidelines tend to prioritize 
BPs, particularly in patients at higher risk of relapse, 
acknowledging their potential role in metastasis prevention 
(as discussed further).6,7

Key Question 2: When should patients affected 
by EBC who are starting adjuvant hormone 
therapy begin treatment with anti-resorptive 
agents?

Recommendation 2. For patients with EBC receiving 
adjuvant aromatase inhibitor (+/- GnRH analogues), 
BMAs should be taken into consideration from the start 
of hormone therapy itself (primary prevention of 
CTIBL).

-  Certainty of evidence: moderate

- � Strength of recommendation: strong in favor (as per 
the GRADE framework)

Clinical interpretation 2.  The optimal timing for initiating 
BMAs for primary fracture prevention is not consistently 
defined internationally. Evidence from the ABCSG-18 
trial shows that “low-dose” denosumab significantly 
reduces the incidence of clinical fractures across all patient 
subgroups, regardless of initial T-score or whether treat-
ment began concurrently with or after adjuvant ET.22 
Moreover, considering BPs, initiating early ZOL at “low-
dose” (4 mg IV every six months for a total of five years) 
significantly improves and maintains BMD throughout the 
treatment period in comparison with delayed administra-
tion (when is observed T-score of -2 or lower, or after a 
fracture event). Specifically, three dedicated randomized 
controlled trials consistently demonstrated a statistically 
significant increase in BMD (primary endpoint) with 
upfront “low-dose” ZOL compared to deferred administra-
tion in postmenopausal HR+ women receiving AIs. The 
mean BMD differences at the lumbar spine in favor of 
early treatment were 8.9% in “Z-FAST” (n=602, at 5 
years), 9.7% in “ZO-FAST” (n=1605, at 5 years), and 
5.43% in “E-ZO-FAST” (n=527, at 12 months) trials.26-28 
However, a statistically significant reduction in bone frac-
tures was not observed, although they were not powered to 
evaluate this endpoint.26 Interestingly, a mixed treatment 
analysis of randomized studies evaluating immediate den-
osumab or ZOL versus delayed treatment for post-meno-
pausal EBC patients treated with AIs observed that, at the 
36-month, the risk of fractures was reduced with immedi-
ate denosumab compared to delayed treatment (OR: 0.50, 
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95% CI 0.33-0.75) while it was not decreased for immedi-
ate ZOL versus delayed (OR: 0.91, 95% CI 0.56-1.44).39 
Overall, the absence of validated T-score thresholds (either 
at baseline or during follow-up) for initiating BMA treat-
ment, the proven BMD benefits with upfront use (despite 
its uncertain role as a surrogate for fracture risk), the rapid 
bone loss induced by adjuvant ET, and the high prevalence 
of osteoporosis and fracture risk factors in EBC patients, 
all support initiating BMAs at the start of adjuvant ET.8,9 
On the other hand, European and American guidelines rec-
ommend early initiation of BMAs (specifically BPs) 
alongside other adjuvant treatments, however with a pri-
mary focus on reducing disease recurrence rather than 
maximizing bone protection.6,7

Key Question 3: For how long should a patient 
affected by EBC undergoing adjuvant hormone 
therapy be treated with BMAs to prevent 
fractures from CTIBL?

Recommendation 3. BMAs can be taken into consid-
eration for the entire duration of aromatase inhibitor 
(+/- GnRH analogues).

-  Certainty of evidence: moderate

- � Strength of recommendation: moderate in favor (as 
per the GRADE framework)

Clinical interpretation 3.  The optimal duration of BMAs 
treatment in EBC remains uncertain. It is generally rec-
ommended to continue anti-resorptive therapy for at least 
the duration of ET, since studies on AIs indicate that after 
discontinuation, the number of fractures appears to 
decrease and bone mass seems to partially recover.8,9 Nev-
ertheless, the evidence supporting this recommendation is 
indirect, and there are concerns about prolonged BMAs 
use due to the cumulative risk of adverse events (AEs) 
and increased costs, particularly in patients requiring 
“extended” ET. At the same time, discontinuation of 
BMAs also raises additional concerns. Notably BPs, typi-
cally accumulating in bone matrix during treatment, have 
a prolonged duration of action and lasting effect even 
after treatment discontinuation. The sustained skeletal 
protection is reflected in preserved BMD and reduced 
bone turnover markers, though its impact on fracture risk 
remains unknown.15 On the other hand, discontinuing 
denosumab, owing to its distinct pharmacokinetic proper-
ties, is associated with a “rebound” increase in bone turn-
over that exceeds pretreatment levels in most patients, 
occasionally also resulting in multiple vertebral frac-
tures.40 The European Calcified Tissue Society (ECTS) 
working group performed an updated systematic review 
on this concerning topic, observing that specific evidence 
on “rebound” risk in EBC setting is limited.40 A 

preliminary analysis of the “ABCSG-18” trial, presented 
in abstract form, reported that patients who discontinued 
“low-dose” denosumab had a significantly higher risk of 
developing clinical vertebral fractures (HR 2.44; 95% CI 
1.12–5.32) and multiple vertebral fractures (HR 3.52; 
95% CI 0.98–12.64) compared to those who stopped pla-
cebo.41 However, this increased risk only occurred in 
patients who ended AI treatment prior to or > 6 months 
after the last dose of denosumab administration, whereas 
no difference was seen in patients who ended AI treatment 
within six months of stopping denosumab. Reassuringly, 
the recent final protocol-defined analysis of the same trial, 
with 11-year follow-up, reported no increase in overall 
fracture risk (4.6% vs. 5.1% in the placebo group, 2.5 
years after the last treatment administration), despite a 
higher number of multiple clinical vertebral fractures (14 
vs 4).11 Consistent with the notion that the timing of dis-
continuation could play a crucial role in the risk of 
rebound, a reported case series of 15 patients with EBC 
treated with AIs showed that 10 of the patients who expe-
rienced fragility vertebral fractures after stopping deno-
sumab had discontinued it at the same time as ET.42 
Indirectly, considering the data from osteoporotic post-
menopausal women setting, ESMO guidelines support 
initiating alternative anti-resorptive therapy (such as ZOL 
4 or 5 mg) six months after the final denosumab dose to 
reduce or prevent this “rebound” effect.6 Conversely, Ital-
ian guidelines recommend re-evaluating fracture risk and 
performing clinical and BMD-radiographic follow-up 
every 18 months after adjuvant ET completion, especially 
in those previously treated with denosumab, but provide 
no guidance on exact BMAs discontinuation timing or 
managing the possible “rebound” effect.

BMAs and EBC survival: Clinical 
perspectives and insights

Key Question 4: Is there a role for BMAs 
in improving survival outcomes for patients 
affected by EBC?
While BMAs are primarily used to improve bone health, 
they could potentially also reduce the risk of distant bone 
metastases, extra-osseous recurrences, and impact survival 
outcomes by modulating the tumor-bone microenviron-
ment and exerting immunomodulatory effects.43 However, 
their role remains uncertain on this point, with different 
trials often yielding conflicting results. A visual summary 
of current evidence on the impact of each class of BMAs 
on survival outcomes, stratified by menopausal and HR 
status, is presented in Figure 1 and Figure 2.

For instance, denosumab has not consistently demon-
strated a survival benefit in EBC setting. The contrasting 
results from two large randomized controlled trials11,23 have 
been corroborated by the recent meta-analysis conducted 
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by Mastrantoni et al., which found no significant advantage 
with denosumab in terms of DFS (HR 0.93; 95% CI 0.74–
1.16), neither BMFS (HR 0.89; 95% CI 0.75–1.07) or OS 
(HR 0.91; 95% CI 0.71–1.17) in the pooled population.13 
However, a statistically significant improvement was 
observed in BMFS (HR: 0.83; 95% CI: 0.71–0.97) and 
DFS (HR: 0.88; 95% CI: 0.78–0.99) in the HR+/HER2-
negative patients, with also a borderline significant OS 
benefit (HR 0.83; 95% CI 0.79–1.00). At the same line, the 
final update from the “ABCSG-18” trial, confirmed a sur-
vival benefit with “low-dose” denosumab in HR+ post-
menopausal patients: in terms of nine-year DFS (79.4% vs 
75.9% HR 0.83; 95% CI, 0.71 to 0.97), BMFS (88.9% vs 
86.4% HR 0.81; 95% CI, 0.65 to 1.00), non-BMFS (89.0% 
vs 86.5% HR 0.78; 95% CI, 0.63 to 0.96), all secondary 
endpoints of the trial.11 Moreover, censoring for late cross-
over and use of other anti-resorptive agents a significant 
advantage in OS at nine years was also observed (91% vs. 
89.5%, HR: 0.74; 95% CI, 0.58 to 0.94). Additionally, a 
particularly pronounced DFS advantage is reported when 
denosumab treatment begins at the start of ET (10% point 
difference in DFS). This apparent advantage in the HR+ 
population aligns with preclinical evidence showing that 
ET significantly alters bone turnover and receptor activator 
of nuclear factor kappa-B ligand (RANKL) release, poten-
tially fostering the development and proliferation of bone 
micro-metastatic niches.43 Consequently, targeted anti-
RANKL therapies, like denosumab, may disrupt this mech-
anism in HR+ patients receiving ET, potentially preventing 
the initial occurrence of bone metastasis and subsequent 
extra-osseous dissemination. However, it should be also 
noted that the observed survival benefits in “ABCSG-18” 
trial, appear to be primarily driven by a reduction in second 
primary invasive cancers and deaths from any cause (com-
posite endpoints), with no major differences for loco-
regional recurrences or distant metastases, including bone 
metastases. Moreover, the D-CARE trial failed to demon-
strate a survival advantage in terms of either BMFS or 
DFS, irrespective of menopausal and HR status, despite its 
more intensive regimen.23 One possible explanation could 
be both the inclusion of higher-risk and heterogeneous 
patients, that may underpin a different biological back-
ground (such as a various musculoaponeurotic fibrosar-
coma oncogene homolog [MAF] status and RANK/
RANKL expression levels). Moreover, as noted, denosum-
ab’s efficacy may rely on effective estrogen deprivation; 
notably, nearly 20% of patients in “D-CARE” trial were 
HR-, and about half were pre-menopausal without adequate 
ovarian suppression. Additionally, even if a direct dose–
response effect does not appear to exist, why a lower dose 
might be more effective than the higher one tested in 
D-CARE is still unclear.44 A possible explanation has been 
recently hypothesized: an excessive suppression of bone 
turnover could paradoxically create a hostile environment, 
potentially failing to reduce metastatic potential.45

Regarding BPs, the previously cited meta-analysis con-
ducted by the EBCTCG37 observed a statistically signifi-
cant reduction in BMFS, DFS and BC mortality (3.3% 
reduction at 10 years, RR 0.82; 95% CI 0.73–0.93) for 
post-menopausal women (HR+/HR−negative) receiving 
BPs (excluding pamidronate, which showed no advantage, 
and with limited data for risedronate and alendronate). On 
the other hand, among premenopausal women, no appar-
ent BPs protective effect on any survival outcome was 
observed. Another meta-analysis and systematic review by 
Sanaat et al. suggested a survival positive impact of BPs 
also in peri-menopausal BC survivors, reporting improved 
DFS (HR 0.89; 95% CI 0.83–0.97; p=0.005) and OS (HR 
0.75; 95% CI 0.63–0.89).46 Furthermore, a recently pub-
lished meta-analysis by Mittal et  al., which included 11 
trials (with 24,023 patients) focusing on survival outcomes 
as primary endpoints and incorporating modern adjuvant 
chemotherapy regimens, though not stratified by meno-
pausal or HR status, observed a five-year DFS benefit in 
those receiving BPs (both IV and oral) compared to the 
control group (84.8% vs. 82.1%; pooled HR 0.89; 95% CI 
0.81–0.97).16 However, this benefit did not translate into a 
statistically significant difference in five-year OS (92.1% 
vs. 90.9%; HR 0.92; 95% CI 0.83–1.03). Notably, BPs 
appear to have paradoxically a detrimental effect in higher-
risk patients, such as those with N+ status, tumors larger 
than 3 cm, HR-negative status, or those who received tax-
ane or anthracycline chemotherapy (DFS HR 0.95; 95% 
CI 0.80–1.12; OS HR 1.04; 95% CI 0.81–1.32).

Among BPs, ZOL has the most extensive data from 
phase III randomized control trials, although with some 
controversial evidence and without a clear OS benefit. In the 
“ABCSG-12” trial, after a median follow-up of 94.4 months, 
the addition of “low-dose” ZOL (4 mg every six months for 
three years) in HR+ pre-menopausal patients undergoing 
ET (TAM or AI) and GnRH analogue, significantly 
improved DFS (HR=0.77; 95% CI 0.60–0.99), regardless of 
ET received. A trend toward improved OS was also observed 
(HR = 0.66; 95% CI 0.43–1.02), with absolute risk reduc-
tions of 3.4% for DFS and 2.2% for OS.47 Conversely, the 
recently published 10-year update of HOBOE phase III 
trial, at a median follow-up of 9.2 years, observed that in the 
same setting, pre-menopausal HR+ EBC receiving GnRH 
analogue, “low-dose” (5 mg every 12 months) of ZOL+AI 
(letrozole) improved DFS over TAM (HR = 0.58; 95% CI 
0.41-0.82), although without any statistically significant dif-
ference in OS (global log-rank p= 0.103).18 Notably, the 
pairwise DFS comparison between ZOL+AI and AI alone 
was not statistically significant, failing to cross the prede-
fined Bonferroni-Holm threshold (p= 0.687). On the other 
hand, in post-menopausal setting, immediate “low-dose” (4 
mg every six months for five years) ZOL administration in 
“ZO-FAST” trial reduced the risk of DFS events by 34% 
(HR= 0.66; p= 0.037) with fewer local (0.9% versus 2.3%) 
and distant (5.5% versus 7.7%) recurrences versus delayed 
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ZOL.48 However, this finding was not confirmed in the 
“Z-FAST” trial with the same ZOL schedule, reporting 
comparable disease recurrence rates (upfront, 9.8% vs 
delayed 10.5%; p=0.62).26 In the “AZURE” trial, “high-
dose” ZOL improved distant DFS only in those who were 
over five years since menopause at trial entry regardless of 
HR status (adjusted HR 0.75, 95% CI 0.58–0.97), but with-
out a significant OS benefit (0.81 95% CI 0.63–1.04).28 
Notably, the enrolled pre-menopausal patients that did not 
receive ovarian suppression per prevailing local treatment 
practices. Similarly, the phase III NeoAdjuvant Trial 
Add-oN (“NaTaN”) study found only in those over 55 years 
of age a positive trend for DFS (HR 0.83 p=0.480) favoring 
“high-dose” ZOL (same schedule of AZURE) when added 
in HR+/- patients not achieving pathological complete 
response after neoadjuvant therapy.49

Regarding oral BPs, direct evidence of a survival ben-
efit from phase III trials remains limited and conflicting. 
For instance, similarly to the previous “GAIN” trial, the 
recent “TEAM-IIB” phase III randomized study, at a 
median follow-up of 8.5 years, found that oral ibandronate 
50 mg daily for three years did not improve DFS, BMFS, 
or OS in HR+ post-menopausal women undergoing 
ET.50,51 However, both the EBCTCG meta-analysis and the 
SWOG S0307 phase III study found no significant differ-
ences in survival impact between ZOL, clodronate, and 
ibandronate, regardless of HR or menopausal status.52 
Evidence from the recent network meta-analysis by Adams 
et  al., suggests that clodronate (HR 0.95, 95% CI 0.77–
1.17) and ibandronate (HR 1.06, 95% CI 0.83–1.34), likely 
result in little to no difference in OS benefit compared to 
no treatment or placebo (low certainty), the same as for 
ZOL (HR 0.93, 95% CI 0.76–1.14) and denosumab (HR 
0.91, 95% CI 0.69–1.21).38 Furthermore, the effect of 
pamidronate (HR 1.20, 95% CI 0.81–1.78) on OS remains 
uncertain, with a potential detrimental effect compared to 
no treatment or placebo (very low certainty). Moreover, it 
remains unclear whether the treatment schedule, dose, and 
duration of BPs influence survival outcomes, as some 
studies (particularly those involving ZOL) suggest they 
may not have a significant impact 53. Indeed, the Phase III 
“SUCCESS-A” trial randomized 3754 high-risk patients 
(N+ or N-negative with ⩾ pT2, G3, ER-negative, age 
⩽35) to receive either a "short" two-year (4 mg IV every 
three months) or an "extended" five-year (4 mg IV every 
three months for two years, then every six months for three 
years) course of “intermediate dose” ZOL after adjuvant 
chemotherapy.54 Irrespective of menopausal status, a two-
year regimen of ZOL has been shown to be non-inferior to 
a five-year regimen in terms of DFS and OS. Additionally, 
the extended five-year treatment was however associated 
with a higher frequency of AEs compared to the two-year 
treatment (46.2% vs. 27.2%, p = 0.001; grade 3-4 adverse 
events: 7.6% vs. 5.1%, p = 0.006). Similarly, a recent 
exploratory analysis of the “ABCSG-12” phase III study, 

reported no statistically significant difference for DFS or 
OS in the patients who received ⩽6 ZOL infusions com-
pared to those who received ⩾7 ZOL infusions.12 
Consistently, the EBCTCG meta-analysis revealed no sig-
nificant difference in BMFS benefit based on the duration 
or dose of BPs treatment administered.37 Finally, a recent 
study by Awan et  al. randomized 211 post-menopausal 
EBC patients (15% HR-negative) to either a single infu-
sion of ZOL 4 mg/IV or six-monthly treatment over three 
years.14 After three years of follow-up, there were no sig-
nificant differences between the two treatment arms in 
terms of quality of life, toxicity, relapse-free survival, 
BMFS and OS. Despite the trial is not powered for non-
inferiority, longer-term follow-up is ongoing to confirm 
these findings.14

Despite the lack of direct randomized comparisons, a 
retrospective cohort study of 37,724 post-menopausal 
EBC patients (aged ⩾66), including both HR+ and HR– 
cases, revealed different survival outcomes between 
patients receiving denosumab or BPs. Among them, 7925 
(21%) received at least six months of BMA at recom-
mended osteoporosis doses within the first two years after 
diagnosis: of these 6898 (80.7%) received BPs only, 1204 
(15.2%) received denosumab only, and 323 (4.1%) 
received both. At a median follow-up of 64 months, BPs 
use was associated with improved OS (HR 0.87; 95% CI 
0.82–0.93) and breast-cancer specific survival (BCSS) 
(HR 0.77; 95% CI 0.64–0.92), whereas denosumab showed 
no survival benefit (OS HR 1.05 95% CI 0.90-1.22, BCSS 
HR 1.09 95% CI 0.66-1.82).55

In conclusion, the survival benefit of BMAs in EBC 
remains uncertain due to conflicting data, and further stud-
ies are needed to clarify their impact and especially iden-
tify the patients most likely to derive a benefit. Denosumab 
failed to demonstrate consistently a DFS and/or OS gain 
with some mixed results in selected patient subgroups 
(HR+ post-menopausal), while BPs, specially ZOL, have 
occasionally demonstrated DFS improvements in meno-
pausal women (natural or induced), though findings have 
been contradictory and lacking direct OS benefit. 
Therefore, based on this evidence, Italian guidelines do not 
recommend or reimburse the use of BMAs to reduce BC 
recurrence risk. In contrast, while both ESMO and ASCO 
guidelines agree that denosumab lacks sufficient evidence 
for this purpose, they endorse BPs (ZOL or daily oral clo-
dronate or ibandronate) in post-menopausal women 
(whether natural or induced) for metastasis prevention. 
However, the ESMO guidelines restrict this recommenda-
tion to patients at higher risk of relapse.

Overview of BMAS safety profile in 
EBC setting

Both BPs and denosumab are associated with specific and 
overlapping AEs, making it essential for physicians to 
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inform patients about potential risks and adopt proactive 
strategies to minimize their frequency and severity.

For instance, the most recent update of the “ABCSG-
18” trial, which used a “low” anti-osteoporotic dosage, 
reassures on the long-term denosumab safety, reporting no 
cases of medication-related osteonecrosis of the jaw 
(MRONJ) and only one case each of hypocalcemia and 
atypical femoral fracture (AFF).11 Conversely, a more 
intensive denosumab schedule in D-CARE trial was asso-
ciated with a higher frequency of AEs, including 5.4% 
cases of MRONJ compared to 0.2% with placebo (RR 
30.18; 95% CI 11.17–81.58), 0.4% cases of AFF versus 
none with placebo (RR 18.80; 95% CI 1.09–322.89), and 
6.5% cases of hypocalcemia compared to 3.6% with pla-
cebo (RR 1.80; 95% CI 1.38–2.35).23 Therefore, this 
schedule is not recommended by any guidelines, which 
instead favor the safer and less intensive 60 mg every six 
months regimen. Overall, the pooled toxicity data from the 
recent meta-analysis by Mastrantoni and colleagues, evi-
denced no significant differences between denosumab and 
placebo in AEs (RR 1.00; 95% CI 0.99–1.01), severe AEs 
(RR 1.01; 95% CI 0.95–1.08), or discontinuation rates 
(RR 1.03; 95% CI 0.63–1.68).13 However, despite its 
favorable safety profile, as previously mentioned, deno-
sumab discontinuation is associated with a “rebound” phe-
nomenon that is poorly characterized in the EBC setting, 
seemingly influenced by the timing of interruption relative 
to ET completion and, in some cases, leading to multiple 
vertebral fractures. Further research and clear guidance on 
its management and strategies to mitigate this adverse con-
sequence remain necessary.

Similarly, BPs are usually well tolerated, without seri-
ous side effects.6,56 For IV BPs, the main AE is an acute-
phase reaction within the first three days: flu-like 
symptoms that usually resolve but may last up to 14 days. 
On the other hand, oral BPs can cause irritative effects on 
gastrointestinal mucosa resulting in esophagitis, dyspha-
gia, and gastric ulcers but also nausea, vomiting, abdomi-
nal pain, and diarrhea. Considering both oral and IV BPs, 
a well-known complication is the hypocalcemia, despite 
being rarely reported (0.5%).16 Another rare side effect is 
renal toxicity (e.g., acute tubular necrosis), mainly occur-
ring in patients with chronic kidney disease.57 The recent 
meta-analysis by Mittal et al. confirmed an overall low 
incidence of any grade renal toxicity (0,15% 95% CI 
0.07–0.24).16 As with denosumab, other rare but severe 
complication, are AFFs and particularly MRONJ.58 The 
absolute risk of AFFs in patients receiving BPs (and den-
osumab) is low, ranging from 3.2 to 50 cases per 100,000 
person-years, though long-term use may increase this 
risk to approximately 100 cases per 100,000 person-
years.59 Moreover, a network meta-analysis conducted by 
Adams et al., reports that ibandronate and ZOL probably 
increases the occurrence of MRONJ (moderate certainty) 
compared to no treatment/placebo, while clodronate (RR 

2.65, 95% CI 0.83 to 8.50) may increase this risk of 
MRONJ (low certainty).38 However, the literature data 
about MRONJ is partially conditioned by a controversial 
and debated definition of the disease, based only on clini-
cal signs and inducing underestimation.60-62 Furthermore, 
most randomized trials showed limits (e.g., accrual of 
“favorable” patients and limited follow-up) in compari-
son with real life reports. Even with these bias, the risk 
for MRONJ appears to be increased with higher dose 
density, prolonged treatment duration and IV administra-
tion. In the “SWOG S0307” trial, which randomized 
patients to receive clodronate (1600 mg daily), ibandro-
nate (50 mg daily), or “moderate-dose” ZOL (4 mg 
monthly for six months, then every three months) the 
incidence of MRONJ (assessed with a restricted defini-
tion) was indeed greater in patients receiving ZOL com-
pared to other oral BPs (1.26% with ZOL vs. 0.77% with 
ibandronate and 0.36% with clodronate; Fisher’s exact 
test p= 0.003).52,63 Similarly, the meta-analysis by Mittal 
et al. reported an higher frequency of MRONJ in patients 
treated with ZOL at “moderate” dose compared to overall 
BPs (1%, 95% CI 0.75–1.15 vs 0.78% 95% CI 0.6–
0.87).16 Moreover, as for denosumab, BPs use at osteo-
porotic “low-dose” is associated with a low incidence of 
MRONJ (0-1% with IV and 0–0.5% with oral BPs).

Therefore, given that BMAs for EBC patients are rec-
ommended and reimbursed in Italy at osteoporotic “low 
doses,” the incidence of AEs is expected to be generally 
low, resulting in good overall tolerability. Consequently, 
less stringent preventive measures for MRONJ are consid-
ered appropriate, as acknowledged by the Expert Panel of 
the Italian Societies of Oral Pathology and Medicine 
(SIPMO) and Osteoporosis, Mineral Metabolism and 
Skeletal Diseases (SIOMMMS).64–66

Conclusion

While the benefits of adjuvant BMAs in preserving 
bone health are well-established, their impact on sur-
vival outcomes in EBC remains an area of ongoing 
investigation and debate. Conflicting results in the lit-
erature, partly due to the high heterogeneity among tri-
als and enrolled populations, ranging from HR+/
HR-negative to pre- and post-menopausal women, 
underscore the need for a deeper understanding of the 
mechanisms driving BMAs’ benefits. By identifying 
predictive factors, an enhanced patient selection could 
minimize toxicities and reduce financial burdens. Given 
the overlap between bone health management and bone 
metastasis prevention, holistic care through the collabo-
ration of BC dedicated oncologists and osteo-oncology 
specialists is essential.67 In conclusion, further guidance 
is needed to clearly define the role of BMAs in the rap-
idly changing and evolving adjuvant treatment land-
scape for EBC.
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