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 Abstract 
  Background . Bone-modifying therapy is a primary research interest in breast cancer. Several features contribute to the 
importance of the bone environment in the management of breast cancer. Firstly, bone metastases represent the most 
common site of breast cancer metastases and secondly, the emergence of cancer treatment-induced bone loss (CTIBL) 
among breast cancer survivors and patients is of increasing concern. Furthermore, concordant with the  “ seed and soil ”  
theory, agents that alter the bone microenvironment may even prevent tumor cell seeding in bone and limit cancer growth. 
 Material and methods . Medical databases and conference proceedings were searched to identify articles, abstracts and 
clinical trials that have or are investigating denosumab and bisphosphonates in cancer therapy. Our search included 
a predefi ned focus on bone-modifying therapies in early and advanced breast cancer.  Results and discussion . Bisphosphonates 
(BPs) have an established role both in the prevention and treatment of CTIBL and have been studied in the adjuvant 
setting for early breast cancer (EBC). Denosumab is a monoclonal antibody directed against RANK ligand and thereby 
inhibits osteoclastogenesis and bone resportion. It is the newest agent approved for the treatment of postmenopausal 
osteoporosis and the prevention of skeletal-related events (SRE) in cancer patients with solid tumors and bone metastases. 
Denosumab has a favorable toxicity profi le in comparison to BPs and has the potential to improve cancer outcomes. 
 Conclusion . This review examines the existing role of denosumab in the treatment of bone complications of breast cancer 
and its potential role as adjuvant therapy.   

  Breast cancer is the most common cancer among 
females on all continents and the most rapidly increas-
ing [1]. Early detection and advances in systemic 
therapy have improved clinical outcomes [2]. There 
are approximately 2.6 million survivors in the USA 
with a prior diagnosis of breast cancer [3]. Women 
with both early breast cancer (EBC) and metastatic 
breast cancer (MBC) are surviving longer [4]. Many 
women in both populations have increased bone 
fragility either from treatment-induced bone loss or 
secondary to bony metastases. There already exists 
substantial data to support a role for bone-conserving 
therapy in patients with EBC to prevent treatment 
related bone loss [5 – 10]. Currently the World Health 
Organization, the National Osteoporosis Foundation 
and the American Society of Clinical Oncology 
(ASCO) recommend pharmacologic intervention 

based on a women ’ s bone mineral density (BMD) 
T-score and associated risk factors for osteoporosis. 

 In advanced breast cancer, bone-modifying agents 
are important adjuncts to care in patients with meta-
static bone disease. Skeletal-related complications of 
MBC include pathologic fractures, pain, spinal cord 
compression, and hypercalcemia of malignancy. By 
preventing SRE, bone-modifying agents can improve 
patient quality of life and performance status  –  metrics, 
which are central to palliation at the end of life. 

 After BPs were shown to preserve bone density and 
reduce fracture risk in osteoporosis, they became the 
fi rst bone-targeting agents in breast cancer. Of the bone-
modifying drugs now available, BPs were the fi rst agents 
demonstrated to prevent  chemotherapy-induced 
bone loss in premenopausal women with breast can-
cer [8,9]. Three subsequent trials, the Zometa-Femara 
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Adjuvant Synergy Trials (Z-FAST, ZO-FAST, and 
E-ZO-FAST), established a role for intravenous 
zoledronate (ZOL) to prevent BMD loss in postmeno-
pausal women on aromatase inhibitor (AI) therapy 
for breast cancer [6,11,12]. Oral BP therapy was later 
shown to be effi cacious in preventing AI-induced bone 
loss [13,14]. In the MBC setting, oral and intrave-
nous BPs reduce  skeletal complications, palliate bone 
pain, and improve quality of life [15 – 17]. New 
 recommendations supporting the use of BPs in MBC 
were outlined in the ASCO 2011 guidelines [18]. 

 In addition to improving morbidity and mortality 
outcomes by stabilizing the bone matrix, bone-
modifying therapies may have direct antitumor effects. 
Multiple in vivo studies support the belief that bone 
dynamics can be modulated to interrupt cancer 
 progression [19 – 21]. Preclinical studies fi rst reported 
that BPs could affect cancer outcomes [22 – 25], a fi nd-
ing that was supported by the Austrian Breast and Col-
orectal Study Group trial 12 (ABCSG-12) [9]. However, 
updated results from the Adjuvant Zoledronic Acid to 
Reduce Recurrence (AZURE) trial do not support the 
ABCSG-12 fi ndings [26]. At this time, further study is 
needed to clarify if BPs affect disease-free survival 
(DFS) or overall survival (OS) in breast cancer. 

 Denosumab is the newest agent that targets bone 
metabolism and has been investigated in breast cancer 
patients. Denosumab is a monoclonal antibody active 
against the Receptor Activator of Nuclear factor 
Kappa B ligand (RANKL) and is approved by the 
United States Food and Drug Administration (FDA) 
for treating postmenopausal osteoporosis and meta-
static bone disease. By interfering with the RANKL 
pathway, denosumab prevents osteoclast activation 
and inhibits bone resorption. Denosumab therefore 
preserves bone density by increasing cortical and 
trabecular bone mass, volume and strength [27]. 

 Clinical indications and utility of denosumab in 
cancer patients are evolving. In 2010 denosumab was 
approved by the FDA for the prevention of SREs in 
patients with bony metastases after randomized 
Phase III trials demonstrated non-inferiority of deno-
sumab compared to ZOL and improved tolerability 
[28 – 30]. Like BPs both preclinical studies and 
clinical data suggest that denosumab may have 
anticancer effects. Herein, we review the mechanisms 
of bone loss and discuss how denosumab may 
preserve bone integrity and improve clinical outcomes 
in patients with breast cancer.   

 Material and methods  

 Search strategy and selection criteria 

 We have conducted a literature search through 
PubMed using relevant search terms:  breast cancer , 

 denosumab ,  bisphosphonates ,  skeletal-related events , and 
 cancer treatment-induced bone loss . From the PubMed 
search we identifi ed articles of interest and reviewed 
citations within the article to identify additional 
literature pertaining to review. Conference abstracts 
were also referenced from the most recent national 
conference hosted by the ASCO (2011) and from the 
most recent San Antonio Breast Cancer Symposium 
(2010) that pertained to our topic of interest. Active/
ongoing clinical trials investigating denosumab 
for breast cancer therapy, its effi cacy to prevent and 
treat CTIBL in early cancer, and its role in reducing 
SRE for metastatic cancer were identifi ed using 
clinicaltrials.org and included in this review.    

 Results and discussion  

 Mechanisms of bone loss in breast cancer 

 Patients with EBC often develop bone loss secondary 
to cancer treatment itself, while in MBC metastases 
cause bone fragility and associated complications. 
Three mechanisms of bone loss due to cancer 
treatment have been identifi ed. The fi rst is as a result 
of estrogen deprivation therapies. Second, chemo-
therapies and supportive drugs, such as steroids, 
affect bone density directly or do so indirectly by the 
induction of premature ovarian failure. Therapeutic 
ovarian ablation, whether medically or surgically 
induced, also results in premature menopause with 
consequent bone loss. 

 In postmenopausal women there is on average a 
2.6% loss of bone density in the fi rst year of breast 
cancer treatment when treated with an aromatase 
inhibitor (AI) [31]. In premenopausal women bone 
density loss averages 8% in the fi rst year of treatment 
with premature ovarian suppression [32]. In contrast 
bone loss during natural menopause is typically 
1% per year [31]. To date, no study has correlated bone 
loss in EBC with adverse clinical outcomes although 
indirect evidence shows that osteoporotic women with 
breast cancer have a higher incidence of fractures and 
mortality compared to age-matched controls [33]. 

 Endocrine therapies may interfere with estrogen 
signaling (e.g. tamoxifen) or inhibit estrogen produc-
tion (e.g. AIs); both of which may precipitate bone 
loss depending on a woman ’ s menopausal status. 
Tamoxifen was the fi rst antiestrogen therapy used for 
treating breast cancer and is a mixed estrogen 
agonist/antagonist [34]. Tamoxifen effects on bone are 
dependent on the ambient estrogen concentrations; 
tamoxifen causes bone loss in premenopausal women, 
but is bone protective in postmenopausal women [35]. 
AIs, which have a role in treating postmenopausal 
women with breast cancer, cause bone resorption and 
a higher fracture risk compared to tamoxifen [36,37]. 
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However, since AIs signifi cantly reduce the risk of 
breast cancer recurrence in postmenopausal women at 
fi ve years compared to tamoxifen, and overall have a 
more favorable side effect profi le, AIs are preferred for 
adjuvant treatment among postmenopausal patients. 
Within the class, the impact of different AIs on bone 
density is still being studied. Recent data suggest that 
the steroidal AI exemestane may result in less BMD 
loss and potentially reduced fracture risk compared to 
the non-steroidal AIs, anastrozole and letrozole [38]. 

 Cytotoxic chemotherapy is the only standard 
adjuvant treatment option for women with hormone-
receptor negative breast cancer and is also used 
in women with high-risk hormone receptor positive 
disease. Chemotherapy treatment causes bone loss 
by directly damaging bone architecture or inducing 
early menopause in premenopausal women, and/or 
through concomitant steroid use. 

 In MBC, tumor cells can affect bone by secreting 
growth factors that stimulate bone resorption [19]. 
Bone resorption releases factors that subsequently 
promote tumor growth and propagate a  “ vicious 
cycle ”  of tumor expansion and bone destruction [19]. 
Bone-modifying agents like BPs and denosumab 
have the potential to break this cycle and prevent 
bone loss [39].   

 Clinical outcomes of bone metastases in breast cancer 

 Bone is the most common site to which breast cancer 
metastasizes and is associated with considerable 
morbidity and mortality [40,41]. Bone metastases in 
breast cancer are predominately osteolytic and 
can cause hypercalcemia, increased fracture risk, 
skeletal instability, skeletal pain and spinal cord 
compression [42]. These complications can require 
palliative surgery, palliative radiation and hospitaliza-
tion, and all correspond to poor quality of life 
outcomes [43]. Hypercalcemia of malignancy is more 
common in patients with MBC (30 – 65%) than in 
other cancers and generally portends a worse 
 prognosis [44]. After a pathologic fracture, the  relative 
risk of death is increased by 32% in breast cancer 
compared to patients without breast cancer and 
similar fractures (p �  0.01) [45]. This risk is notably 
higher for breast cancer than multiple myeloma or 
prostate cancer, which have a 20% relative increase 
in mortality [45]. These differences are unexplained, 
but suggest that MBC causes more complications 
than other malignancies when metastatic to bone.   

 Denosumab: Mechanism of action 

 Bone is a dynamic system, balancing bone formation 
and resorption. When this balance is disrupted, 
 clinical disease develops. Within bone, tumor cells 

secrete growth factors, cytokines, and hormones, 
such as PTHrP, that stimulate osteoblasts to release 
RANKL, which in turn activates osteoclasts to resorb 
bone (Figure 1). In the absence of cancer, the  balance 
of bone formation and resorption is regulated by 
osteoprotergerin, a natural decoy that binds to the 
RANK receptor, but does not activate osteoclasts. 
Bone resorption releases factors from bone that nurture 
tumor growth and propel tumor proliferation and 
bone destruction (Figure 1).    Agents that target RANKL 
or upregulate osteoprotergerin will theoretically 
disrupt and halt this process. Denosumab is a human 
IgG2 antibody designed to bind with a high affi nity 
and specifi city to RANKL. Upon binding free 
RANKL, denosumab inhibits osteoclast function 
and survival. It therefore has similar downstream 
effects to osteoprotergerin and preserves bone. Deno-
sumab may also affect infl ammation and immunity 
via RANKL/RANK signaling. RANKL is produced 
by CD4  �  T cells and the RANK receptor is expressed 
on antigen presenting cells (monocytes, macrophages 
and dendritic cells) [46]. Thus cell signaling that 
affects immunity may infl uence cancer cell migration 
[47,48] and modulation of the OPG/RANKL/RANK 
system prevents skeletal metastases in vivo [48]. 
RANK signaling plays a role in the development of 
breast tissue [49], angiogenesis and endothelial 
permeability [50], and inhibition of RANK on these 
processes may affect breast cancer pathogenesis.   

 Denosumab versus bisphosphonates  

 Effi cacy for prevention of cancer treatment-induced bone 
loss .  The utility of both oral and intravenous BP 
administration for the prevention of CTIBL has been 
 investigated in women with breast cancer. Although 
the evidence for oral therapy in the premenopausal 
setting has not been uniform [51 – 53], two trials did 
show that oral BPs prevented AI-induced bone loss in 
postmenopausal women [13,14]. In contrast, 
 intravenous BP use has consistently been shown to 
prevent CTIBL [6,8,11,12,54,55]. Although BPs have 
been shown to prevent CTIBL, whether or not the 
reduction in bone loss translates into reduced fracture 
rates has yet to be defi nitively demonstrated [56]. 

 To date denosumab has not as yet been compared 
in randomized control trial with BPs for the 
 prevention of fracture caused by CTIBL. However, 
the effi cacy of denosumab compared to BPs has been 
evaluated for postmenopausal osteoporosis. In com-
parison to intravenous BPs, denosumab is equally 
effi cacious [57], and appears superior to oral BP 
treatment for osteoporosis [58]. A head-to-head trial 
examining denosumab and oral alendronate therapy 
showed that denosumab increases BMD better than 
alendronate [59]. Denosumab also more profoundly 
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suppressed N-telopeptide, a marker of bone destruc-
tion and proxy for fracture risk [60], compared to 
intravenous BP [59]. In concept if denosumab is 
more effective than BPs in preventing osteoporotic 
bone loss, one can postulate that denosumab will be 
superior to BPs in the prevention of CTIBL. 

 Preliminary results regarding the effi cacy of deno-
sumab in the oncology setting have confi rmed a role 
for the prevention of CTIBL [61]. In the Hormone 
Ablation Therapy Trial for EBC (HALT-BC), 
252 women with hormone receptor-positive EBC 
treated with AI therapy and documented osteopenia 
were randomized to denosumab every six months or 
placebo. At 12 and 24 months, denosumab increased 
BMD in total hip, total body, femoral neck and 
radius. Other trials confi rmed that denosumab 
enhances suppression of N-telopeptide levels 
compared to intravenous pamidronate among patients 
with bony metastases [62]. Increased suppression of 
N-telopeptide levels corresponds with bone preser-
vation and reduced fracture risk [63 – 65]. Currently, 
a second Phase 3 trial is underway to investigate 
denosumab on CTIBL in patients with EBC on AI 
therapy [66]. This trial, known as ABCSG-18, is 
recruiting patients with EBC and will be the fi rst trial 

to examine if denosumab impacts clinical outcomes 
(fracture rates) for CTIBL [66]. Of note, denosumab 
was demonstrated to reduce the number of vertebral 
fractures in men with early prostate cancer receiving 
androgen deprivation therapy [67]. 

 In summary, it is clear that early bone-conserving 
therapy prevents CTIBL, however the best agent, 
dose and duration of therapy are still uncertain. 
Considering the current clinical data, biannual 
administration of ZOL is recommended to prevent 
CTIBL in both pre- and postmenopausal women 
with breast cancer and low BMD. However, deno-
sumab will likely have an emerging role in CTIBL 
since early studies indicate that denosumab is more 
effi cacious that BPs in suppressing bone turnover.   

 Effi cacy in the metastatic setting.   BPs have a 
 well-established role in the prevention of SREs sec-
ondary to bone metastases in MBC [15].  Intravenous 
BPs have improved effi cacy compared to oral admin-
istration and are therefore preferred in oncologic 
practice. In addition to preventing SREs, BPs pal-
liate bone pain and improve quality of life [16]. 
ASCO Clinical Practice Guidelines recommend all 
patients with MBC to be treated with a bone-modifying 

  Figure 1.     Vicious cycle of osteolytic metastases. Tumor cells secrete cytokines, growth factors, and hormones including parathyroid-hormone 
related peptide (PTHrP) that stimulate osteoblasts (OB) to secrete RANKL. RANKL activates osteoclasts (OC) to resorb bone, which 
releases factors: bone morphogenic protein (BMP), fi broblast growth factor (FGF), insulin-like growth factor (IGF), platelet-derived 
growth factor, and transforming-growth factor- α  (TNF α ); which promote tumor growth. Both denosumab and bisphosphonates target 
the bone and interrupt this vicious cycle that supports tumor cells and damages bone. Denosumab binds to RANKL and prevents osteoclast 
differentiation and activation that therefore halts bone resorption and prevents the release of factors that promote tumor growth. 
Bisphosphonates inhibit osteoclast activity and induce cellular apoptosis.  
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agent and advise physicians to consider intravenous 
BP therapy if renal function is preserved [18]. 

 Denosumab also has a role in the metastatic 
setting and now has an approved indication for the 
treatment of bony metastases from breast cancer [18]. 
Denosumab may be preferable to intravenous BPs 
for all metastatic cancers involving bone [30,68]. 
Three Phase 3 trials have compared the effi cacy of 
denosumab versus intravenous ZOL for delaying or 
preventing SREs in metastatic cancer (Table I) [28 – 30]. 
Stopeck et al. randomized women with MBC 
to either subcutaneous denosumab 120 mg or 
intravenous ZOL 4 mg every four weeks [28]. The 
trial enrolled 2046 women and measured time to fi rst 

SRE (either pathologic fracture, radiation or surgery 
to the bone, or spinal cord compression). Deno-
sumab was superior to ZOL in delaying time to fi rst 
SRE by 18% (HR 0.82, p  �  0.01) and reduced risk 
of fi rst and subsequent SRE by 23% (rate ratio 0.77, 
p  �  0.001). Consistent with prior Phase 2 studies, 
denosumab resulted in greater suppression of bone 
turnover markers compared to ZOL. Secondary 
endpoints including overall survival (OS) and disease 
progression were similar between groups [28]. 

 Denosumab ’ s effi cacy has been compared to ZOL 
in two further Phase 3 trials. Henry et al.  randomized 
patients with metastatic solid tumors (excluding 
breast and prostate cancer) or multiple myeloma to 

  Table I. Summary of key clinical trials examining the use of denosumab in cancer therapy.  

 Reference 
or Clinical 
Trial No.  Study Design  Status 

 No. of 
patients 

 Control 
arm  Population  Key result 

Ellis et al. 
[61]

Randomized, 
double blind, 
phase III

Completed 252 Placebo Postmenopausal women 
with early breast 
cancer (EBC) on AI 
therapy

Denosumab therapy 
increased lumbar 
BMD by 5.5% and 
7.6% (p  �  0.001) 
compared to placebo 
at 12 and 24 months.

Stopeck et al. 
[28]

Randomized, 
double blind, 
phase III

Completed 2046 ZOL Metastatic breast 
cancer (MBC)

Denosumab delayed 
time to fi rst SRE 
compared to ZOL 
by 23% (rate 
ratio  �  0.77, 
p  �  0.001) and by 
18% for superiority 
(HR 0.82, p   �   0.01).

Henry et al. 
[29]

Randomized, 
double blind, 
phase III

Completed 1776 ZOL Metastatic bone 
disease (excluding 
breast and prostate) 
or multiple myeloma

Denosumab delayed 
time to fi rst SRE 
(noninferiority 
p  �  0.001).

Fizazi et al. 
[30]

Randomized, 
double blind, 
phase III

Completed 1901 ZOL Metastatic prostate 
cancer

Denosumab delayed 
time to fi rst SRE 
(noninferiority 
p  �  0.001).

Smith et al. 
[73]

Randomized, 
double blind, 
phase III

Ongoing, 
accrual 
complete

1432 Placebo Metastatic hormone-
refractory prostate 
cancer, no bone 
metastases

Denosumab increased 
bone-metastases 
free survival by 4.2 
months compared 
to placebo (HR 0.85, 
p�0.028) and delayed 
time to fi rst bone 
metastases (HR 0.84, 
p�0.032). Overall 
survival did not differ 
between the groups

NCT00556374 
[66]

Randomized, 
double blind, 
phase III

Ongoing, 
actively 
recruiting

3,400 
estimated

Placebo Nonmetastatic 
EBC on AI therapy

No published results 
to date. Primary 
endpoint is time to 
fi rst clinical fracture.

NCT01077154 
[95]

Randomized, 
double blind, 
phase III

Ongoing, 
actively 
recruiting

4500 
estimated

Placebo EBC stage II/III 
with high risk 
of recurrence

No published 
results to date. 
Primary endpoint 
is bone-metastasis free 
survival.
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 Three observational studies looked at whether 
oral BP use lower breast cancer risk. Chlebowski 
et al. observed lower rates of breast cancer incidence 
among postmenopausal women taking oral BPs [78]. 
The analysis that included 154,768 participants 
found that women receiving oral BPs for osteoporosis 
(n  �  2816) had a 32% relative risk reduction of 
invasive breast cancer compared to those who did not 
receive BPs (HR  �  0.68, 95% CI: 0.52 – 0.88) [78]. 
Two smaller studies also associated BP use with a 
lower breast cancer incidence [79,80], and although 
these studies contain possible confounding factors, 
the concordance of their fi ndings (a similar risk 
reduction of  ∼ 30% in the incidence of breast cancer) 
supports the hypothesis that BPs may have an 
antitumor effect. 

 Further evidence for an antitumor effect was 
suggested by ABCSG-12, which randomized 1803 
premenopausal women with endocrine-responsive 
EBC to tamoxifen or anastrozole without fi nding a 
signifi cant effi cacy advantage for either arm [8]. 
A further randomization within the study assigned a 
subset of patients to receive ZOL. Subjects receiving 
ZOL not only experienced fewer bone and extra-
osseous metastases, but also an improvement in DFS 
(94% with ZOL versus 90.8% without ZOL, 
p  �  0.01). This absolute increase of 3.2% in DFS 
represented a 36% risk reduction in disease progres-
sion [8,9]. In postmenopausal women, the ZO-FAST 
trial has similar results to suggest that upfront ZOL 
reduces the risk of local and distant disease recur-
rence at 36 months follow-up [11] and was  confi rmed 
by the Z-FAST study [6]. While these data are pro-
vocative, ascertainment bias may account for these 
fi ndings because patients were restaged at the advent 
of a SRE and suppression of pain by the BP may 
have led to earlier detection of occult disease in 
organs other than bone. Indeed results presented 
from the AZURE study contradict the ABCSG-12 
fi ndings [26]. A total of 3360 pre- and postmeno-
pausal patients with stage II/III breast cancer were 
randomized to receive standard adjuvant therapy 
(chemotherapy and/or endocrine therapy) or stan-
dard therapy plus ZOL for fi ve years. At a median 
follow-up of 59 months, there was no signifi cant dif-
ference in DFS between the control patients and the 
ZOL group (HR  �  0.98; p  �  0.79 for DFS), OS 
(HR  �  0.85, p  �  0.07), or in the type of recurrence 
(locoregional, distant, contralateral breast, etc) [26]. 
A predefi ned analysis of OS by menopausal status 
demonstrated no benefi t of ZOL treatment in patients 
who were pre- or perimenopausal or of unknown 
menopausal status, however ZOL therapy did 
improve OS for patients who were  �  5 years post-
menopausal (adjusted HR  �  0.74; p  �  0.04) [26]. 
The authors hypothesize that adjuvant BP effi cacy 

denosumab or ZOL [29]. Denosumab was as effec-
tive as ZOL in delaying time to fi rst and subsequent 
SRE, but was not superior [29]. In Fizazi et al., deno-
sumab was superior to ZOL in metastatic prostate 
cancer as measured by time to fi rst SRE [30]. 

 Three additional trials have investigated deno-
sumab in metastatic disease [69 – 71]. One trial found 
that denosumab suppressed urinary N-telopeptide 
levels similarly to intravenous BPs among women 
with MBC who had not previously received BP 
 therapy [69]. A second study showed that the addi-
tion of denosumab to intravenous bisphosphonate 
therapy normalized urinary N-telopeptide levels more 
frequently than continuing intravenous BP therapy 
alone [70]. A fi nal study is underway and will inves-
tigate the effect of denosumab on rates of hypercal-
cemia of malignancy [71]. Preliminary results from 
the pending trials will soon be available and will help 
to defi ne the role of densosumab for the prevention 
and treatment of MBC.   

 Adverse effects profi le.   In clinical trials, denosumab 
has a favorable toxicity profi le (Table I). Compared 
to oral aledronate treatment in Phase 2 trial, deno-
sumab resulted in less dyspepsia (10.5% vs. 26.1% 
for aledronate) and less osteoarthritis (1.9% vs. 
10.9%) [72]. In the early osteoporosis trials, there 
was a nonsignifi cant trend toward more community-
acquired infections in the denosumab group [74], 
but this trend was not reproduced in the Phase 3 
oncology trials [28 – 30,73]. The reported incidence of 
osteonecrosis of the jaw (ONJ) is low (approximately 
2%) and is not statistically different to the rate with 
ZOL therapy in most Phase 3 trials [28 – 30]. Impor-
tantly denosumab has less renal toxicity than BPs. In 
Stopeck et al. where women with MBC were exclu-
sively studied, the incidence of renal adverse effects 
was only 5.9% with denosumab compared to 20% 
with ZOL in patients with baseline renal insuffi -
ciency (CrCl  �  60 ml/min) [28]. Furthermore, deno-
sumab does not require dose-adjustment for reduced 
creatinine clearance. Subcutaneous denosumab ad-
ministrations might therefore be particularly useful 
for patients with MBC who require treatment with 
nephrotoxic chemotherapy, such as platinum com-
pounds, or for patients with renal insuffi ciency.   

 Antitumor effects of bone-targeting agents.   The  “ seed 
and soil ”  hypothesis of cancer metastasis was pro-
posed over a century ago, with the idea that cancer 
cells might remain dormant yet viable in certain 
 “ nurturing ”  microenvironments for long  periods of 
time. Clinical observation has established that breast 
tumor cells have a tropism for bone and new research 
suggests that the natural history of breast cancer may 
be modulated by targeting bone dynamics [75 – 77]. 
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may be dependent on a low concentration of estrogen 
within the bone microenvironment. Of note in a sub-
group analysis (n  �  205), patients receiving both 
neoadjuvant chemotherapy and ZOL had reduced 
tumor size (43% relative reduction, 15.5 vs. 27.4 mm, 
p  �  0.006) and higher rates of pathologic complete 
response compared to chemotherapy alone (6.9% vs. 
11.7%, p  �  0.146) [81]. These subset analyses need 
confi rming in a prospective study before being inter-
pretable. Currently, ZOL is not approved for adju-
vant treatment of EBC. 

 Mechanisms of putative anticancer activity of BPs 
remain investigational, however they may relate to their 
effects on the mevalonate pathway. Nitrogen-contain-
ing BPs inhibit farnesyl pyrophosphate synthase 
(FPPS) in the mevalonate pathway (also known as the 
HMG-CoA reductase pathway) and prevents the acti-
vation of G-proteins [82].  Downstream effects include 
decreased tumor  invasion, proliferation, adhesion and 
impaired  angiogenesis [83]. Through FPPS inhibition, 
one study demonstrated that zoledronate treatment 
results in an accumulation of mevalonate metabolites 
in breast cancer cells in vivo [83]. These metabolites 
are subsequently secreted by the cancer cells and pro-
mote  γ  δ  -T-cell chemotaxis to the tumor, which are well 
known for their anticancer activity [83,84]. At this time 
it is unclear whether BPs have an  antitumor effect 
alone or if BPs synergize with the effects of standard 
therapy  –  at the cellular level, BPs potentiate apoptosis 
during chemotherapy and modulate growth factors 
that propel cancer growth [85 – 87]. 

 No clinical trial has yet investigated if deno-
sumab prolongs DFS or OS in EBC. There is, how-
ever, convincing evidence that denosumab impacts 
the course prostate cancer [73] and experimental 
data suggests that denosumab will have anticancer 
effects against breast tumor cells. The RANK-
RANKL pathway is strictly regulated during mam-
mary gland development and overexpression results 
in increased proliferation and decreased apoptosis, 
both of which are downstream effects commonly 
implicated in breast tumorigenesis [88]. In fact, 
RANKL activity may explain in the higher incidence 
of breast cancer noted after pregnancy [89,90]. To 
further support this belief, RANKL inhibition in 
vivo was shown to reduce hormone-induced prolif-
eration of mammary epithelium and attenuate tum-
origenesis [91]. Inactivation of the RANKL receptor 
also decreases the incidence and delays the onset of 
progestin-driven breast cancer [92]. Activation of 
RANKL stimulates metalloproteinases to break-
down bone matrix and release vascular endothelial 
growth factors that promote angiogenesis and nur-
ture cancer growth [93]. Furthermore in animal 
models of MBC, RANKL inhibition reduces the 
burden of tumor in bone [94].    

 Future directions  

 There are three potential roles for denosumab in breast 
cancer. The fi rst is to prevent or ameliorate CTIBL 
and data currently suggest that denosumab is superior 
to bisphosphonate therapy in this regard. As yet no trial 
has compared denosumab and bisphosphonates head-
to-head for prevention of CTIBL and we await future 
investigations to determine if one agent has superior 
effi cacy in preventing bone loss in breast cancer. 

 Denosumab has an established role in MBC 
involving bone. ASCO clinical practice guidelines 
recommend either denosumab or BP therapy and 
state there is insuffi cient evidence to demonstrate that 
one bone-modifying agent has greater effi cacy [18]. 
However recently the FDA has approved densoumab 
for MBC and recognized clinical trial results that 
showed superior effi cacy compared to BPs. Deno-
sumab is the preferred choice in patients with impaired 
renal function as it does not require creatinine moni-
toring. In the metastatic setting, the optimal dosing 
intervals for both bisphosphonates and denosumab 
need to be characterized since less frequent dosing 
will improve the cost-effectiveness of treatment. 

 Most important is the possibility that denosumab 
can reduce rates of distant metastases by manipula-
tion of the bone microenvironment or potentially by 
a direct antitumor effect. To address this question, a 
Phase 3 study has recently opened and will examine 
denosumab as adjuvant treatment for women with 
EBC at high risk of recurrence (D-CARE) [95] 
(Table I). In this trial 4500 women with high-risk 
EBC (Stage II and III) will be randomized to deno-
sumab or placebo for fi ve years. The primary endpoint 
compares bone metastasis-free survival between 
denosumab and placebo. Secondary endpoints include 
DFS, OS and distance recurrence-free survival. 

 Further well-designed clinical trials are needed 
to fully evaluate the potential roles of denosumab in 
breast cancer therapy. As outlined by Hudis et al., 
standard defi nitions for events and endpoints need 
to be carefully defi ned with consideration given to 
the use of surrogate endpoints in place of overall 
survival to contain costs and length of clinical trials 
[96]. Disease-free survival will continue to be a rel-
evant endpoint and as more therapies emerge which 
target a specifi c microenvironment, lack of disease in 
a given tissue may be a valuable surrogate. In the 
case of denosumab, an impact on bone-metastasis-
free survival may extend quality of life and even be 
an acceptable proxy for overall survival. Given the 
possible benefi t of denosumab as a breast cancer 
prevention therapy, it will be interesting to follow 
outcomes of women with ductal carcinoma in situ 
and the incidence of contra-lateral breast cancers in 
adjuvant trials.    
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 Conclusions 

 There is a need for bone-targeting agents in breast 
cancer to prevent and treat therapy-induced bone 
loss, to lower the incidence of skeletal-related events 
among patients with established bony metastases 
and, potentially, to change the natural history of the 
disease by modulating the bone microenvironment. 
Denosumab is the only licensed drug that targets 
RANKL and is approved for the treatment of post-
menopausal osteoporosis and more recently for the 
prevention of skeletal-related events in patients with 
metastatic solid tumors involving bone. The drug is 
superior to zoledronate for the prevention of skeletal 
complications in metastatic disease, and offers a 
more attractive adverse effect profi le and easier route 
of administration to bisphosphonates. Preclinical 
data suggests that RANKL inhibition with  denosumab 
may alter the pathogenesis of breast cancer, and 
therefore it is being investigated as an adjuvant agent 
for the prevention of breast cancer relapse and may 
in time be studied as a breast cancer  chemopreventive 
agent. At this time, we await further clinical results 
to help defi ne the role of denosumab therapy in the 
prevention and treatment of breast cancer.    
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Notice of Correction

The Early Online version of this article published 
online ahead of print on 12 Dec 2012 contained an 
error on page 5. The reference “64” should have read 
“66” in Table 1.

This has been corrected for the current version.

För patienter med skelettmetastaser

VARDAGEN ÄR VÄRDEFULL

BEHANDLA med ZOMETA

Novartis Sverige AB, Box 1150, 183 11 Täby.
Telefon 08-732 32 00, www.novartis.se

Indikationer: Förebyggande av skelettrelaterade händelser (patologiska frakturer, ryggradskompression, strålning av eller kirurgiskt 
ingrepp i benvävnad eller tumörinducerad hypercalcemi) hos patienter medavancerade benvävnadsmetastaser. Behandling av tumör- 
inducerad hyperkalcemi. Kontraindikationer: Graviditet och amning. Kliniskt betydelsefull överkänslighet mot zoledronsyra, andra bisfos- 
fonater eller ingåendehjälpämnen. Varningar och försiktighet: Vid behandling för att förebygga skelettrelaterade händelser bör kontroll 
ske med avseende på serumkreatinin och kreatininclearance före behandlingsstart och serumkreatinin bör kontrolleras fortlöpande före 
varje behandling. Dosen bör reduceras vid mild till måttligt nedsatt njurfunktion och Zometa rekommenderas inte för patienter med gravt 
nedsatt njurfunktion (CrCl< 30 ml/min). Patienter som behandlas för att förebygga skelettrelaterade händelser bör ges ett dagligt tillägg 
av kalcium 500 mg och 400 IE av vitamin D. Försiktighet skall iakttagas när Zometa används tillsammans med andra potentiellt nefrotoxis-
ka läkemedel. Osteonekros i käken har rapporterats hos patienter, huvudsak cancerpatienter som erhållit behandling med bisfosfonater, 
inklusive Zometa. En tandundersökning med lämplig förebyggande tandvård bör övervägas innan behandling med bisfosfonater påbörjas 
hos patienter med samtidiga riskfaktorer. Atypiska subtrokantära och diafysära femurfrakturer har rapporterats efter marknadsföring 
vid behandling med bisfosfonater. Dosering: Rekommenderad dos är 4 mg var 3-4:e vecka, finns som färdig lösning, Zometa 4 mg/100 ml 
infusionsvätska, alternativt koncentrat som ska spädas ytterligare med 100 ml natriumkloridlösning 9 mg/ml eller glukoslösning 50 mg/
ml. Förmån, förpackning: Rx, F. ATC-kod: M05BA08. För fullständig information se www.fass.se. Baserad på SPC daterad 2011-08-24.
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Skelettkomplikationer kan försämra
livskvalitén och förkorta överlevnaden, 
ge därför dina patienter en skyddande 
behandling för skelettet


