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Role of bone-modifying agents in advanced cancer
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Abstract: Bone lesions from metastatic solid tumors and multiple myeloma (MM) represent an important 
source of morbidity in patients with incurable malignancies. Dysregulation of osteoclast and osteoblast 
activity caused by tumor cells in the bone microenvironment weakens the structural integrity of bone and 
predisposes to skeletal-related events (SREs), which can include severe bone pain, pathologic fracture, spinal 
cord compression and hypercalcemia. In order to reduce the risk of these complications, the supportive 
treatment of patients with bone lesions from advanced cancer typically includes the use of bone-modifying 
agents (BMAs), specifically bisphosphonates and denosumab. The choice of specific agent, dosing schedule 
and duration of therapy should be individualized by taking into account disease characteristics, medication 
side-effect profiles and patient preferences.
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Introduction

Bone involvement represents an important source of 
morbidity in patients with incurable malignancies. Bone 
metastases are particularly common in advanced breast 
cancer, prostate cancer, and non-small cell lung cancer 
(NSCLC), although they are seen across a wide spectrum of 
solid tumors. Additionally, nearly all patients with multiple 
myeloma (MM) will develop skeletal lesions at some point 
in the course of their disease. The presence of tumor cells 
in the bone microenvironment causes dysregulation of 
osteoclast and osteoblast activity, disturbing the normal 
remodeling process and weakening the structural integrity 
of bone (1). As a result, patients can experience severe 
pain, pathologic fractures, hypercalcemia, compression of 
the spinal cord and/or nerve roots, and systemic muscle 
weakness (2). Here, we review the evidence for bone-
modifying agents (BMAs) including bisphosphonates and 

denosumab in reducing skeletal morbidity in these palliative 
patient populations.

Defining skeletal morbidity

Defining clinically meaningful endpoints in the palliative 
treatment of bone metastases is not straightforward. The 
term ‘skeletal-related events’ (SREs) denotes a composite 
endpoint of clinically defined events devised as a quantifiable 
measure of skeletal morbidity in clinical trials. However, 
the definition of SREs has evolved over time and even now 
remains nebulous, frequently varying from one study to 
another. One of the earliest studies to look at SREs as an 
endpoint evaluated women with bone metastases from breast 
cancer treated with an oral bisphosphonate (3). Here, SREs 
were defined as a composite endpoint of hypercalcemia, 
radiation or surgery for bone pain, pathologic or imminent 
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fractures and/or a change of systemic therapy due to 
progression of bone metastases. More recent definitions of 
SREs generally consider the need for radiation or surgery 
to bone, pathologic fractures and spinal cord compression, 
plus or minus hypercalcemia of malignancy (HCM). Even 
excluding HCM, more than half of patients with bone 
metastases will experience at least one SRE (4).

Because the various definitions of SREs include 
asymptomatic events identified on routine imaging or 
laboratory tests, some have argued that symptomatic skeletal 
events (SSEs)—SREs accompanied by symptoms—should 
be preferentially employed (5). Accordingly, both SRE 
and SSE endpoints have been captured in clinical trials, 
either as incidences or time-to-event endpoints (6). While 
such outcomes may be considered clinically meaningful, a 
frequent criticism of SREs and SSEs as endpoints in studies 
of BMAs is the pooling of what are arguably very disparate 
events (7). For example, there is much greater morbidity 
associated with a pathologic hip or long bone fracture, as 
compared with the need for palliative radiation to a painful 
rib or vertebral metastasis. As such, while SREs and SSEs 
are practical endpoints that are easily captured in studies, 
it is important to note that they are not measures of pain 
or quality of life (QoL) per se, nor have they been well-
validated as adequate surrogates for such.

Impact of skeletal morbidity on QoL and survival

While not validated as a surrogate endpoint, available 
evidence does at least support an association between 
the development of SREs and worse health-related QoL 
(HRQoL). Compared to women with metastatic breast 
cancer without a prior SRE, those with a history of SRE 
have a significantly worse baseline physical and functional 

well-being (8). In men with metastatic prostate cancer, 
clinically meaningful and statistically significant declines 
in physical, functional and emotional well-being were seen 
after the development of an SRE, specifically after radiation 
or fracture (9). In the AFFIRM and PREVAIL trials of 
enzalutamide in metastatic castrate-resistant prostate cancer 
(CRPC), SREs were also associated with a deterioration 
of HRQoL (10). In these two trials, the largest impact of 
SREs on HRQoL was seen in patients with spinal cord 
compression. SREs are also correlated with shorter overall 
survival (OS) (6,11,12). However, since both SREs and 
survival are reflections of overall disease trajectory and 
efficacy of anticancer treatments, a causal association 
between them cannot be inferred.

BMAs and skeletal morbidity

Osteoclast inhibition is an important component of the 
management of patients with bone involvement from 
cancer. There is evidence for bisphosphonates as well as 
for the receptor activator of nuclear factor kappa-B ligand 
(RANKL) inhibitor denosumab in reducing SREs. The 
decision regarding which specific agent to use must be 
individualized (see Table 1).

Bisphosphonates

Bisphosphonates are analogs of pyrophosphate that bind 
to the mineral bone matrix and inhibit osteoclast function 
and viability, thereby decreasing bone resorption and 
increasing mineralization (17). This class of medications can 
be subdivided into non-nitrogen containing and nitrogen 
containing bisphosphonates, with the nitrogen containing 
agents being more potent osteoclast inhibitors. Of the 

Table 1 Summary of agents with () and without () demonstrated efficacy in reducing skeletal-related events across cancer types

Cancer type(s) Pamidronate† Zoledronic acid  
every 4 weeks 

Zoledronic acid  
every 12 weeks‡ Denosumab† Other agents§

Breast     Ibandronate (13,14), 
clodronate (15)

Prostate¶     

Non-breast, non-prostate solid tumors     

Multiple myeloma     Clodronate (16)
†, insufficient evidence for less frequent than every 4-week administration; ‡, initial dosing every 4 weeks should still be considered in 
patients with extensive or highly symptomatic bone metastases and might also be preferred upfront in multiple myeloma; §, generally less 
favored; ¶, only applies to castrate-resistant disease.
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bisphosphonates in clinical use, zoledronic acid is the most 
potent and has the most robust evidence for reducing SREs 
across tumor types (18-20); compared to placebo, zoledronic 
acid has been shown to reduce the risk of SREs in patients 
with bone metastases from breast cancer, CRPC, and other 
solid tumors (see Table 2). It has the additional benefit of 
a short infusion time, most commonly being administered 
over 15 minutes.

In certain cancer types, however, there are reasonable 
data for alternative agents (13-16,18,21). For example, in 
the metastatic breast cancer population, several intravenous 
and oral bisphosphonates have evidence for efficacy versus 
placebo. An updated Cochrane meta-analysis published 
in 2017, which included 2,810 women with breast cancer 
and bone metastases from 9 studies, found that treatment 
with bisphosphonates was associated with a lower risk of 
SREs compared to placebo or no bisphosphonate (RR 
0.86; 95% CI: 0.78–0.95; P=0.003) (22). Specific agents 
included intravenous pamidronate, ibandronate and 
zoledronic acid, as well as oral clodronate, ibandronate and 
pamidronate. This benefit was preserved across agents, 
and bisphosphonate treatment was also associated with 
a delay in median time to SRE, reduced bone pain, and 
slightly higher QoL scores compared to placebo or no 
bisphosphonate. There was no impact on OS. Pamidronate, 
most frequently administered as a monthly 90 mg infusion 
over 2 hours, has been consistently shown to reduce SREs 
in the metastatic breast cancer population (21,23,24). 
Pamidronate also reduces SREs compared to placebo in 
patients with MM (25). In contrast, a combined analysis of 
two randomized placebo-controlled studies of pamidronate 
in men with metastatic CRPC failed to demonstrate a 
significant overall treatment benefit in palliation of bone 
pain or reduction of SREs (26).

Zoledronic acid and pamidronate (each given every 3 to 

4 weeks) were compared in a large randomized controlled 
trial of 1,648 patients with stage III MM or advanced breast 
cancer and at least one bone lesion (27). The proportion 
of patients with at least one SRE and the median time to 
first SRE were similar between agents. The event rate for 
radiation treatment to bone was significantly lower in the 
zoledronic acid group (15% versus 20%; P=0.031) with 
a similar incidence of adverse events (AEs). In the breast 
cancer population, zoledronic acid was more effective than 
pamidronate after two years of treatment in reducing the 
risk of SREs (RR 0.80; 95% CI: 0.66–0.97; P=0.025) (28). 
In a mixed-treatment meta-analysis undertaken to compare 
the efficacy of various bisphosphonates in patients with 
SREs due to metastatic breast and prostate cancer and 
MM, zoledronic acid seemed to be more efficacious than 
clodronate, pamidronate, and ibandronate (intravenous and 
oral) for reducing the risk of SREs (29).

Denosumab

Denosumab is a fully human monoclonal antibody against 
RANKL (30). In the palliative treatment of MM or bone 
metastases from solid tumors, it is generally administered 
as a 120 mg dose given subcutaneously every four weeks. 
The inhibition of RANKL reduces the formation, function, 
and survival of osteoclasts, which results in decreased bone 
resorption and the prevention of SREs. 

Denosumab has been compared in studies mainly with 
the bisphosphonate zoledronic acid. Several similarly 
designed large international, randomized phase 3 clinical 
trials have been carried out in bisphosphonate naïve 
populations across different tumor types. In one study, 
2,046 patients with breast cancer and bone metastases were 
randomized to receive either subcutaneous denosumab 
120 mg and intravenous placebo or intravenous zoledronic 

Table 2  Studies of zoledronic acid 4 mg versus placebo in the treatment of skeletal metastases from solid tumors.

Cancer type(s)
Study  

size (N)
Study duration 

(months)
Definition of SRE

% patients with ≥1 SRE
P value

Zoledronic acid Placebo

Breast (18) 228 12 fracture, SCC, RT or surgery to bone 29.8 49.6 0.027

CRPC (19) 422 15 fracture, SCC, RT or surgery to bone,
change of anticancer therapy 

33.2 44.2 0.021

NSCLC, RCC, SCLC, 
thyroid, head/neck (20)

507 21 fracture, SCC, RT or surgery to bone, HCM 38.9 48.0 0.039

CRPC, castrate-resistant prostate cancer; HCM, hypercalcemia of malignancy; NSCLC, non-small cell lung cancer; RCC, renal cell 
carcinoma; RT, radiation treatment; SCC, spinal cord compression; SCLC, small-cell lung cancer; SRE, skeletal-related event.
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acid 4 mg and subcutaneous placebo every 4 weeks (31). 
Denosumab was superior to zoledronic acid in delaying 
time to first on-study SRE (HR 0.82; 95% CI: 0.71–0.95; 
P=0.01 for superiority) and time to first and subsequent 
(multiple) on-study SREs. OS, disease progression, as 
well as rates of AEs and serious AEs were similar between 
groups. Similarly, a study of 1,904 men with metastatic 
CRPC randomised to denosumab or zoledronic acid also 
found that time to first on-study SRE was longer in the 
denosumab arm (HR 0.82; 95% CI: 0.71–0.95; P=0.008 
for superiority) (32). Again, there were no significant 
differences in OS, disease progression or overall occurrences 
of AEs between groups. A study of 1,776 patients with MM 
or bone metastases from solid tumors excluding breast and 
prostate cancer (40% NSCLC, 10% MM, 50% other tumor 
types) found that denosumab was non-inferior to zoledronic 
acid in delaying time to first on-study SRE (HR 0.84; 95% 
CI: 0.71–0.98; P=0.0007 for non-inferiority) (33). Finally, 
a study of 1,718 patients with MM randomized to either 
denosumab or zoledronic acid also met its primary endpoint 
of non-inferiority for time to first SRE (HR 0.98; 95% CI: 
0.85–1.14; P=0.010 for non-inferiority) (34). 

Analgesic properties of BMAs 

There is evidence to support the analgesic properties 
of BMAs in malignant bone pain; however, the effect is 
inconsistent across studies and is modest at best. As such, 
BMAs should be regarded as adjunct rather than primary 
analgesic agents for symptomatic bone metastases. In a 
Cochrane review evaluating women with metastatic breast 
cancer and bone metastases, bisphosphonates were shown 
to reduce bone pain (6 out of 11 studies; moderate-quality 
evidence) compared to placebo or no bisphosphonate (22). In 
men with prostate cancer and bone metastases, zoledronic 
acid was also more likely than placebo to be associated 
with clinically meaningful reductions in pain (overall mean 
rate 33% versus 25%; P=0.036) (35). Additionally, a non-
inferiority trial of 470 patients with prostate cancer and 
metastatic bone pain found that a single bisphosphonate 
infusion (ibandronate 6 mg) was similar to a single 8 
Gy dose of radiotherapy in terms of pain response (36). 
However, a more rapid initial response was observed with 
radiotherapy. In an open-label study of 604 patients with 
cancer (majority breast, lung, prostate and MM) and bone 
lesions, treatment with zoledronic acid was associated 
with a decrease in mean visual analog score value for pain 
and mean analgesic score (37). However, lack of a control 

group and the concomitant administration of anticancer 
treatments make it difficult to infer a direct treatment 
benefit. 

Denosumab might be somewhat superior to zoledronic 
acid in reducing pain from malignant bone disease. In 
an above-mentioned study of patients with breast cancer 
and bone metastases randomized to either denosumab 
or zoledronic acid, fewer patients in the denosumab 
arm reported a clinically meaningful worsening of pain 
severity from baseline (38). There was also a trend toward 
delayed time to pain worsening with denosumab compared 
to zoledronic acid (8.5 versus 7.4 months; P=0.08). 
Additionally, fewer denosumab-treated patients shifted 
from no or low analgesic use to strong opioid analgesic 
use. A pooled analysis of three comparative studies of 
denosumab and zoledronic acid across different tumor types 
found that denosumab delayed the median time of onset of 
moderate/severe pain compared with zoledronic acid (6.5 vs.  
4.7 months; HR 0.83; 95% CI: 0.76–0.92; P<0.001) (39). 
Denosumab also delayed the median time to clinically 
meaningful increases in pain interference with activity and 
affect compared with zoledronic acid (10.3 vs. 7.7 months; 
HR 0.83; 95% CI: 0.75–0.92; P<0.001).

Risks associated with BMAs

The risks of BMAs must be considered prior to their use 
in patients with advanced malignancies. Bisphosphonates 
and denosumab share many of the same adverse effects; 
however, there are certain side effects that are unique to 
each class. 

Risks common to bisphosphonates and denosumab

Osteonecrosis of the jaw (ONJ) is a potentially serious 
complication of both bisphosphonates and denosumab. First 
described in 2003 (40), ONJ is characterized by current or 
previous treatment with antiresorptive or antiangiogenic 
agents, exposed bone or bone that can be probed through 
an intraoral or extraoral fistula in the maxillofacial 
region that has persisted for greater than 8 weeks, and 
no history of radiation treatment or metastatic disease to 
the jaw (41). The pathophysiology of ONJ is not entirely 
clear. Hypothesized mechanisms include inhibition of bone 
resorption and remodeling, inflammation and infection, 
inhibition of angiogenesis, direct soft tissue toxicity and 
immune dysfunction (42). Risk factors for ONJ include 
prolonged exposure to BMAs, dentoalveolar surgery, pre-
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existing inflammatory dental disease and concomitant 
medications including antiangiogenic agents and possibly 
corticosteroids (41). The rate of ONJ in prospective 
clinical trials appears to be in the range of 1–2%, with 
data from a meta-analysis suggesting a slight but not 
statistically significant increased risk with denosumab 
compared to bisphosphonates (43). Preventative measures 
include assessment and optimization of oral and dental 
health, and pre-treatment completion of any required 
dental procedures. In the event of ONJ, the patient should 
be referred to an oral and maxillofacial surgeon or dental 
oncologist, and the risks and benefits of surgical versus 
conservative management must be considered (44,45).

Hypocalcemia and electrolyte imbalances can occur with 
BMA treatment. Given that bone plays an integral role in 
calcium homeostasis (46), disruption of osteoclast function 
can lead to hypocalcemia and hypophosphatemia. Pre-
existing impairment of compensatory mechanisms, such as 
vitamin D deficiency or alterations in parathyroid function, 
might increase the risk of significant hypocalcemia (47). 
In prospective phase III trials, the rates of hypocalcemia 
with anti-resorptive therapy range from 6–15%, with 
higher rates among those receiving denosumab (31-33). 
Periodic monitoring of calcium levels should be performed 
in patients receiving denosumab or bisphosphonates, and 
supplemental calcium and vitamin D should be considered 
if no contraindications exist (48). 

Atypical femoral fractures have been documented in 
patients treated with bisphosphonates and denosumab 
(49,50). Thigh or groin pain may precede the fracture by 
several months, and the fracture may occur with minimal 
or no trauma (51). The pathophysiology is not entirely 
clear, but evidence suggests that inhibition of bone 
turnover can lead to the accumulation of microcracks and 
stress related damage, ultimately culminating in a fragility 
fracture (49). These are rare events, with incidence rates 
between 3.2 to 50 per 100,000 person-years (52). Upon 
identification of an incomplete or complete subtrochanteric 
or femoral shaft fracture not related to a malignant bone 
lesion, antiresorptive therapy should be discontinued, 
dietary calcium and vitamin D status should be assessed 
and supplemented as indicated, and referral to orthopedic 
surgery should be arranged for consideration of surgical 
versus conservative management. 

Risks specific to bisphosphonates

Intravenous pamidronate and zoledronic acid have been 

associated with nephrotoxicity, including acute tubular necrosis 
and collapsing focal segmental glomerulosclerosis (53).  
The risks of nephrotoxicity appear to be increased with 
faster infusion times and higher dosages; hence, longer 
infusion times, regular monitoring of serum creatinine, and 
appropriate dose adjustments for renal function may reduce 
these risks. Acute phase reactions caused by a transient 
release of pro-inflammatory cytokines can occur in 15–40% 
of patients (54). These reactions—characterized by transient 
fever, myalgias and malaise—are most common with the 
first infusion, occurring infrequently with subsequent doses. 
Bisphosphonate use might also be associated with severe 
musculoskeletal pain independent of acute phase reaction, 
although data on this adverse event is mixed (55,56). Rare 
ocular toxicities have been documented, including uveitis and 
scleritis, which require prompt ophthalmology referral (57). 
A modest increase in the risk of atrial fibrillation and stroke 
has also been reported in patients receiving intravenous 
bisphosphonates (58). 

Risks specific to denosumab

Rebound vertebral fractures have been documented in 
patients after discontinuation of denosumab, which can 
lead to a rapid elevation in markers of bone turnover and a 
subsequent decrease in bone mineral density (59). A period 
of treatment with a bisphosphonate (or at minimum one 
intravenous dose) should be considered in patients who 
discontinue denosumab. Rebound hypercalcemia with 
denosumab discontinuation has also been documented 
in young patients being treated for giant cell tumor of  
bone (60). There is a theoretical risk of infectious 
complications, but significant increases in infection rates 
have not been demonstrated in clinical trials for patients 
with cancer (31-33). Hypersensitivity reactions are rare with 
denosumab, but skin reactions and angioedema have been 
documented (61).

Extending treatment intervals for BMAs

The ability to de-escalate therapy without compromising 
efficacy is attractive across all areas of medicine and this 
holds particularly true in the palliative setting. To this end, 
multiple trials have examined less frequent dosing intervals 
of BMAs. The evidence for this approach is most robust for 
zoledronic acid in the metastatic breast cancer population. 
The ZOOM trial was a phase 3, prospective, randomised, 
open-label, non-inferiority trial conducted in 62 centres 
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across Italy (62). In this study, 425 women with bone 
metastases from breast cancer who had already completed 
12 to 15 months of zoledronic acid every 3 to 4 weeks were 
randomly assigned to receive zoledronic acid 4 mg once 
every 12 weeks or once every 4 weeks. The number of SREs 
was the same in both groups (15%). Additionally, there 
were no significant differences in bone pain or analgesic 
use between groups. The OPTIMIZE-2 trial was a 
prospective, randomized, double-blind, multicenter clinical 
study conducted in the United States (63). In this study, 
416 women with metastatic breast cancer to bone who had 
received at least 9 doses of zoledronic acid or pamidronate, 
were randomized to zoledronic acid every 4 or 12 weeks. 
There was no difference in the overall rate of SREs between 
the more and less frequent administration groups (22.0% 
and 23.2%, respectively). Additionally, time to first on-study 
SRE was not statistically significantly different between 
groups. 

In 121 patients with MM who received between one 
and two years of prior bisphosphonate therapy, the single-
arm Z-MARK study evaluated the efficacy and safety of 
less frequent zoledronic acid administration (64). Dosing 
interval was based on levels of urinary N-telopeptide of 
type I collagen (a marker of bone turnover), which were 
monitored over the course of the study. The majority of 
patients received treatment every 12 weeks throughout 
the study and the investigators found that this schedule 
maintained a low SRE rate. Finally, the effect of longer-
interval dosing of zoledronic acid was evaluated in a broader 
cancer population in the CALGB 70604 (Alliance) trial, 
which randomized 1,822 patients with bone involvement 
from metastatic breast cancer (46.9%), metastatic prostate 
cancer (37.8%), or MM (15.3%) to zoledronic acid every 
4 weeks or every 12 weeks (65). In contrast to the prior 
de-escalation studies, patients were ineligible if they had 
received prior intravenous bisphosphonates or denosumab. 
Again, there was no statistically significant difference in 
the proportion of patients who developed at least one SRE 
between the every 4-week and every 12-week treatment 
groups (29.5% and 28.6%, respectively). There were also 
no significant differences in time to first SRE or pain scores. 

While these data support the less frequent administration 
of zoledronic acid for patients with bone involvement 
from metastatic breast cancer, and to a somewhat lesser 
extent prostate cancer and MM, it is unclear whether this is 
generalizable to other tumor types or other antiresorptive 
agents. Reassuringly, a recently reported pragmatic trial 
of 263 patients with bone metastases from either breast 

or prostate cancer randomised to receive a BMA of their 
choosing (56% denosumab, 24% zoledronic acid, 20% 
pamidronate) on either an every 12-week or every 4-week 
dosing schedule found no significant difference in HRQoL 
measures or SSE rates between dosing schedules (66). Results 
of the phase III non-inferiority REDUSE trial evaluating 
denosumab administered every 12 versus 4 weeks in patients 
with breast or prostate cancer and bone metastases are 
pending (67). Notwithstanding these and other results, 
it is important to recognize that there might still exist 
a subgroup of patients who benefit from more frequent 
administration of BMAs at least upfront, such as those 
with extensive or highly-symptomatic bone metastases. In 
the MM population, extended interval treatment is likely 
most appropriate in those patients with responsive or stable 
disease.

Duration of therapy

There are no randomized trials informing the optimal 
duration of treatment with BMAs. However, retrospective 
claims-based data suggest that greater treatment persistency 
is associated with lower rates of SREs (68,69). ASCO 
guidelines for the treatment of metastatic breast cancer 
with bone metastases recommend indefinite treatment (70), 
while ASCO guidelines for the treatment of MM suggest 
that treatment with BMAs continue for a period of up to 
two years with recommencement of treatment upon relapse 
or with new-onset SREs (71). At least one small pilot study 
has demonstrated the safety and feasibility of administering 
zoledronic acid in the community setting to palliative 
patients with advanced malignancies near the end of  
life (72). It is important to note, however, that the patients 
enrolled on this study were deemed likely by their palliative 
care team to benefit from ongoing BMA treatment due to 
hypercalcemia and/or malignant bone pain. Not all patients 
with bone metastases and short expected survival will derive 
meaningful benefit from ongoing therapy, and the decision 
to stop treatment should be made on a case-by-case basis. 

Although the development of an SRE while on treatment 
with a BMA might reasonably be deemed a failure of 
osteoclast inhibition and/or anti-cancer therapy, osteoclast 
inhibition should generally be continued in these cases. 
As there are limited data to inform the best management, 
consideration could be given to an alternate agent or dosing 
schedule. For example, after experiencing an SRE on 
bisphosphonate therapy, one might consider switching to 
denosumab (73). Similarly, after experiencing an SRE on 
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a 12-week dosing schedule, one might reasonably switch 
to a 4-week schedule (71). That said, even continuing with 
the same BMA and schedule might improve the time to 
subsequent SREs (31).

Conclusions

In summary, BMAs are indicated for the prevention of SREs 
in most patients with skeletal involvement from metastatic 
solid tumors or MM. Exceptions might include those 
patients with a minimal burden of bone disease unlikely 
to develop an SRE and/or rapidly progressive visceral 
involvement and limited expected survival. The choice of 
specific agent and dosing schedule should be determined on 
a case-by-case basis taking into account patient preferences 
and disease characteristics. Zoledronic acid and denosumab 
have the best evidence for reducing SREs across different 
cancer types. In some clinical trials, denosumab has 
demonstrated a modest additional benefit when compared 
to zoledronic acid. Denosumab has the added advantage 
of subcutaneous administration, though is more expensive 
than bisphosphonates. In the MM and metastatic breast 
and CRPC populations, there are data to support an 
extended dosing interval for zoledronic acid of 12 weeks, 
while the evidence to support less frequent administration 
of other BMAs is less robust. As such, the convenience of 
less frequent dosing of zoledronic acid might also factor 
into patient preference for selected populations. In general, 
administration of BMAs should continue for as long as 
therapy is tolerated and remains in keeping with patient 
goals of care. In addition to capturing SREs, future trials 
of BMAs in patients with advanced cancer should place 
a greater emphasis on QoL measures and other patient 
reported outcomes.
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