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A B S T R A C T

The efficacy of adjuvant denosumab in combination with hormonotherapy in breast cancer patients was investigated in two randomized trials, ABCSG-18 and D-Care, 
but the results were mixed with respect to the impact of this drug on disease-free survival. However, the ABCSG-18 study has achieved its primary goal: prevention of 
clinical fractures. Therefore, the protective role of Denosumab on bone fragility induced by estrogen deprivation, already demonstrated in post-menopausal women, 
has been validated in the breast cancer setting.

The D-Care study failed to confirm the denosumab efficacy in pro
longing disease free survival, which was reported in the ABCSG-18 
study. This may be attributed to the different patients enrolled 
(considering the tumor risk relapse and chemotherapy) but also bone- 
drug exposure of women in both studies: low in the ABCSG-18 study 
and high in the D-Care study. In this viewpoint, it is suggested that the 
strong inhibition of osteoclastic activity by high doses of denosumab and 
the resulting changes in the bone microenvironment could potentially 
compromise its effectiveness in reducing breast cancer relapse.

Denosumab, an anti-RANK ligand monoclonal antibody, is not rec
ommended by international guidelines for breast cancer patients in the 
adjuvant setting due to mixed results in terms of disease outcomes re
ported by randomized studies [1,2]. Following these recommendations, 
oncologists today tend not to prescribe denosumab in association with 
adjuvant therapy in women with early breast cancer (EBC). On the other 
hand, bisphosphonates (BPs), which are another class of bone-resorption 
agents, are recommended as an adjuvant systemic therapy to decrease 
the risk of breast cancer recurrence, based on the results of the indi
vidual patient data (IPD) meta-analysis from the Early Breast Cancer 
Trialists’ Collaborative Group (EBCTCG) [3].

However, is evidence from randomized studies so discordant that it is 
not advised to use denosumab in women with breast cancer who are 
receiving adjuvant therapy with drugs that have been known to promote 
bone fragility, such as aromatase inhibitors?

Two studies, the Austrian Breast and Colorectal Cancer Study Group 
(ABCSG)-18 [4,5] and the D-CARE trial [6] addressed adjuvant deno
sumab efficacy in EBC.

ABCSG-18 study enrolled 3420 patients with estrogen and/or 

progesterone receptor-positive EBC who completed loco-regional ther
apy. All patients were postmenopausal and were receiving aromatase 
inhibitors. D-CARE study included 4509 stage II or III breast cancer 
patients at high risk of recurrence (T3/T4 disease and/or lymph node 
positivity) who were either premenopausal or postmenopausal and 
received endocrine therapy alone or associated with chemotherapy and/ 
or HER2-targeted therapy according to histology and risk state.

In the ABCSG-18, denosumab was prescribed at 60 mg sc every six 
months (average of administered doses 7, range: 4 to 10). Conversely, in 
the D-CARE study, denosumab was administered at the dose of 120 mg 
sc once monthly for six months, followed by maintenance with Deno
sumab 120 mg sc every three months (average of administered doses 25, 
range: 1 to 26).

Time to the first clinical fracture was the primary endpoint of the 
ABCSG-18 study. Clinical fractures were defined as fractures accompa
nied by noticeable symptoms. The secondary endpoints were catego
rized as bone-related or disease-related. The bone-related secondary 
endpoints were: percentage change in bone mineral density from base
line to 36 months after, incidence of new vertebral fracture, and new or 
worsening of pre-existing vertebral fractures. Disease outcome-related 
endpoints were disease-free survival, bone-metastasis-free survival, 
and overall survival.

The primary endpoint of the D-CARE trial was bone-metastasis-free 
survival (BMFS), i.e., the time between randomization and the first 
detection of bone metastasis. The secondary endpoints included disease- 
free survival and overall survival. Additionally, there were several 
exploratory endpoints, such as time to first bone metastasis, time to 
disease recurrence, time to first on-study fracture, and time to first on- 
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study skeletal-related events following the development of bone 
metastasis.

The primary end point analysis of the ABCSG-18 trial [4] showed 
that denosumab significantly prolonged the time to the first clinical 
fracture compared to a placebo (hazard ratio [HR] 0.50 [95 % CI, 
0.39–0.65], p < 0.0001). Five percent (95 % CI, 3.8–6.2 %) of patients in 
the denosumab group had experienced a fracture, compared with 9.6 % 
(95 % CI, 8.0–11.2 %) in the placebo group. These initial results were 
confirmed by a second analysis performed after 8-year follow-up [5]. In 
the ABCSG-18 trial, denosumab also improved bone metastases-free 
survival (HR, 0.81; 95 % CI, 0.65 to 1.00).

The D-CARE trial [6] found no significant difference in terms of 
BMFS between the denosumab and placebo arms (HR 0.97, 95 % CI 
0.82–1.14; p = 0.709). However, denosumab administration was asso
ciated with a significant risk reduction of bone fracture occurrence (HR 
0.76, CI 0.63–0.92, p-value 0.0037).

Regarding DFS, the two studies yielded contrasting outcomes (HR 
1.04, 95 % CI 0.91–1.19, p = 0.57 in the D-CARE trial; HR 0.83, 95 % CI 
0.71–0.97 in ABCSG-18) and this is the reason why international 
guidelines report that there are mixed results [1,2].

Regarding OS outcome, 127 events were reported in the Long term (9 
years) analysis by Gnant et al., and a 1 percentage point improvement 
was described [5].

The two above-mentioned studies were substantially different 
regarding study population, primary objectives, dose, and denosumab 
schedule. So, claiming that the results are mixed and contradictory is not 
correct in our opinion. If anything, a concordance emerges between the 
two studies regarding the reduction of the fracturing risk associated with 
denosumab, although this endpoint was exploratory in the D-CARE 
study. Denosumab, therefore should be considered among the bone 
resorption inhibitors used to reduce the risk of fracture in both post
menopausal women receiving aromatase inhibitors and premenopausal 
women whose menopause is induced by LHRH analogs associated with 
aromatase inhibitors, with level of evidence 1 [1,7].

The recommended dose should be 60 mg every six months, as used in 
the ABCSG-18 study, whose primary objective was reducing fracturing 
events. Women on adjuvant hormonotherapy are at risk of fractures due 
to worsening bone quality, which means that bone mineral density is not 
a reliable predictor, unlike women with postmenopausal osteoporosis 
[8,9]. Since bone quality impairment is irreversible, treatment with 
denosumab (or bisphosphonates) should be started early. Denosumab 
should not be administered in the adjuvant setting at 120 mg every 28 
days, according to the D-CARE study results.

Moreover, it is worth asking if there is a plausible explanation for the 
difference in breast cancer outcomes between the two studies. Patient 
selection could have played a role, as previously mentioned. ABCSG-18 
exclusively recruited postmenopausal patients with low-risk stage I/II 
ER+, while D-CARE recruited stage II/III patients that included both 
ER+ and ER-patients, and a significant number of premenopausal pa
tients. According to the EBCTCG meta-analysis mentioned earlier, the 
advantages of adjuvant bisphosphonates are mostly limited to post
menopausal women [3]. In the D-CARE study, however, the lack of ef
fect of denosumab treatment on bone metastasis-free survival was not 
influenced by menopausal status [6].

The post-hoc analyses of patients who were recruited in studies 
involving adjuvant bisphosphonates showed that the amplification of 
the transcription factor MAF (mesenchymal aponeurotic fibrosarcoma 
gene) is a predictor of poor efficacy of both zoledronic acid and clodr
onate administered in the adjuvant setting [10,11]. Premenopausal 
women with MAF-positive breast cancer even experienced adverse ef
fects from adjuvant bisphosphonate administration in terms of invasive 
disease-free survival [10]. MAF is a prognostic factor, more frequently 
expressed in high-grade and highly proliferating tumors, and associated 
with increased metastasis, especially bone metastasis [12]. It is probable 
that patients enrolled in the D-CARE study had more MAF-positive tu
mors than those enrolled in the ABCSG-18 study. Unfortunately, this 

marker has not been evaluated in patients included in both studies, so it 
is not possible to determine if the predictive effect observed for 
bisphosphonates is also applicable to denosumab.

An important difference between the D-CARE and ABCSG-18 trials is 
the dose of denosumab administered to patients, which was much higher 
in the former than in the latter and the increased bone turnover inhi
bition could have limited the efficacy of denosumab in terms of reducing 
the metastatic potential. We previously conducted an explorative anal
ysis on the relevance of BPs’ potency on the efficacy of these bone- 
modifying agents in the adjuvant setting [13]. Firstly, we performed a 
literature-based meta-analysis of 12 randomized prospective trials 
comparing different BPs with either placebo or no antiresorptive therapy 
in women with early breast cancer. In four of these 12 trials (4981 pa
tients), clodronate, a BP with low potency, was employed in the 
experimental arm. In the other eight trials (10,927 patients), a more 
potent nitrogen-containing BP was tested (zoledronic acid, pamidro
nate, ibandronate, or risedronate). Based on data extracted from the 
published reports, we calculated the HRs for overall survival in the two 
trial subgroups and found a point estimate of 0.86 and 0.96 for clodr
onate and nitrogen-containing BPs, respectively, although the interac
tion test was not significant.

The evidence gathered from randomized trials that tested bone 
resorption inhibitors in the adjuvant setting in EBC patients suggests 
that the efficacy of intensive intravenous BPs or subcutaneous denosu
mab on a close schedule, which significantly inhibits bone turnover, is 
lower than delayed schedules of BPs and denosumab, or oral clodronate, 
which have a less significant impact on bone metabolism. Therefore, it 
would appear that the favorable effect of bone resorption inhibitors on 
outcomes in women with EBC may be obscured by a strong inhibition of 
bone resorption. To explore this further, we conducted a meta-analysis 
incorporating overall survival outcomes from the two studies dis
cussed in this paper, along with pivotal randomized trials assessing the 
efficacy of BPs in EBC [5,6,13–18]. The forest plot (Fig. 1a) indicates 
that bone resorption inhibitors have a significant impact on the overall 
survival of patients with EBC (HR 0.91, 95 % CI 0.84–1.00), similar to 
the effects on breast cancer mortality reported by the EBCTCG 
meta-analysis [3]. This positive effect appears to be more pronounced 
with zoledronic acid and denosumab administered at longer intervals or 
with the less potent oral BP clodronate, compared to zoledronic acid or 
denosumab administered at shorter intervals, or the more potent 
amino-BP ibandronate (point estimate of the HR for overall survival in 
the two trial subgroups: 0.80 vs 0.97, respectively). However, a key 
limitation of our analysis is the inability to account for differences in 
patient selection and concomitant therapies across the included studies. 
It is worth noting that the immunosuppressive effects of chemotherapy, 
administered to over 90 % of patients in the AZURE and D-CARE studies, 
may have negatively impacted the patient’s outcome.

The possibility that over-suppression of bone turnover can result in a 
hostile environment is indirectly suggested by the results of the D-CARE 
study. Despite not meeting its primary endpoint (BMFS), which also 
involved relapses beyond bone metastases and patient death, the trial 
had a positive impact on prolonging the time to first bone metastasis. 
These data imply a tendency for an excess of recurrences in visceral sites 
that may have contributed to the overall nil effect on BMFS and disease- 
free survival.

The explanation for these findings is not clear. Bone resorption in
hibitors are used in adjuvant settings due to their ability to modulate the 
bone marrow microenvironment, favoring the dormant state of the 
tumor cell in the pre-metastatic niche [19]. However, the relationship 
between cancer cells and the bone microenvironment is complex and 
largely unexplored, and the interference of bone resorption inhibitors on 
this connection is poorly understood [20,21]. A recent preclinical study 
has shown that denosumab can increase skeletal stem cells as a 
compensatory mechanism for the lack of RANK ligand [22]. Of course, it 
is uncertain whether these data have any impact on bone marrow niches 
organization by neoplastic cells. Higher osteoclast inhibition can induce 
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calcium entrapment in bone and secondary hyperparathyroidism in 
response to the increased calcium demand [13,23], which is also favored 
by a hypovitaminosis D status that is highly prevalent in breast cancer 
patients who receive adjuvant therapies [24,25]. PTH levels were not 
measured in patients enrolled in the two denosumab studies; however, 
the proportion of hypocalcemia was 0.1 % in women enrolled in the 
ABCSG-18 study and 11 % in those enrolled in the D-CARE study, sug
gesting higher PTH values in the second study than the first. High PTH 
levels in the bone marrow can favor metastatic progression through 
several mechanisms as detailed in a published paper by our group 
(Fig. 1b) [13]. Of note, a post hoc analysis of a randomized 
placebo-controlled trial evaluating zoledronic acid for metastatic pros
tate cancer reported that elevated serum PTH levels could predict worse 
outcomes in patients treated with zoledronic acid [26]. This is certainly 
a hypothesis and an interesting field of future research. The synergistic 
role of denosumab in reducing the recurrence risk in EBC patients 
treated with adjuvant aromatase inhibitors at doses used to preserve 
bone health in patients with postmenopausal osteoporosis (i.e., 60 mg 
every six months) deserves to be further evaluated in prospective clinical 
studies.

1. Conclusion

Bone resorption inhibitors should be prescribed in women with EBC 
during adjuvant therapy, primarily to preserve bone health. In this view, 
denosumab, at the dose used to prevent osteoporotic fractures (i.e. 60 
mg every 6 months) in postmenopausal women, should be considered in 
women receiving adjuvant treatment with aromatase inhibitors. Pre
venting breast cancer recurrence may also be possible with denosumab 
at these same doses, as suggested by the results of the ABCSG study. Due 
to being a secondary objective of the study, this result cannot be 
generalized. Adjuvant treatment of EBC with denosumab at a dose of 
120 mg every month is not recommended, as evidenced by the D-CARE 
study.

CRediT authorship contribution statement

Laura Moretti: Writing – review & editing, Writing – original draft, 
Validation, Data curation. Laura Richelmi: Writing – review & editing, 
Writing – original draft, Validation, Data curation. Deborah Cosentini: 
Supervision, Formal analysis. Rebecca Pedersini: Validation, Supervi
sion, Methodology, Conceptualization. Salvatore Grisanti: Supervi
sion, Formal analysis, Conceptualization. Vito Amoroso: Supervision, 
Software, Methodology, Conceptualization. Alfredo Berruti: 

Validation, Supervision, Funding acquisition, Conceptualization. Marta 
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