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Denosumab – a new option for
solid tumours metastatic to bone
� Philip Saylor

Zoledronic acid is a potent bisphosphonate used as the standard therapy for the prevention of

skeletal-related events in patientswith solid tumoursmetastatic to bone. Three phase III studies

have reported head-to-head comparisons of zoledronic acid with denosumab, an inhibitor of the

RANK signaling pathway.

Skeletalmorbidity is a substantial bur-
den inmanypatientswith advanced
solid tumours. Pathologic fractures,

pain, spinal cord compression and hyper-
calcaemia are among thepotential compli-
cations of bone metastases. Osteoclast-
mediatedbone resorptionhasan important
role in thepathophysiology of bonemetas-
tases as it weakens the bone and liberates
growth factors that can stimulatebothcan-
cer growth and further bone turnover.1

Therefore, inhibitingosteoclasts is a rational
therapeutic strategy and bisphosphonates
and denosumab are two available types of
osteoclast inhibitors.

Bisphosphonates are analogues of
pyrophosphate – a normal component of
bonematrix.Oncedepositedwithin bone,
they inhibit osteoclasts locally. Zoledronic
acid is the most potent bisphosphonate
available. Since its approval in 2002, it
has been the standardbone-targeted treat-
ment for the prevention of skeletal-related
events (SREs) in patients with solid

tumours that have metastasised to bone.
Denosumabnowrepresentsanewclass

of osteoclast-targeted therapy as it inhibits
the receptor activator of nuclear factor
κB (RANK) signalling pathway. RANK is
present on osteoclasts throughoutmost of
their life cycle and its signalling promotes
osteoclast differentiation, activation, and
survival.2 Osteoprotegerin (OPG) is an
endogenous decoy receptor to RANK-
ligand (RANKL) that negatively regulates
this pathway.Denosumab is amonoclonal
antibody that functions as an exogenous
OPG, suppressing markers of osteoclast
activity for severalmonthsaftera singledose
in some settings.3

Three randomised phase III studies
have recently compared denosumab with
zoledronic acid. Fizazi et al.4 reported that
denosumab is superior to zoledronicacid for
menwithcastration-resistantprostate can-
cer (CRPC) thathasmetastasised tobone.
This phase III study enrolled 1904 men
withCRPCwhowere randomlyassigned to

treatment with denosumab (120 mg
administered subcutaneously every four
weeks) or zoledronic acid (4 mg adminis-
tered intravenously every fourweeks). The
primaryendpointwas time to first on-study
SRE(pathologic fracture, radiation therapy
to bone, surgery to bone, or spinal cord
compression) and the primary objective
was todemonstratenoninferiority of deno-
sumab to zoledronic acid. One of the sec-
ondary objectives was to demonstrate its
superiority. Median time to first on-study
SRE was 20.7 months with denosumab
and 17.1 months with zoledronic acid
(HR=0.82; 95%CI 0.71–0.95; P=0.0002
for noninferiority; P=0.008 for superior-
ity). Time to disease progression and over-
all survival rates were similar between the
two groups.

In another phase III study, Henry and
his co-authors reported that denosumab is
noninferior to zoledronic acid in patients
with metastases due to non-prostate and
non-breast cancer.5 This study enrolled
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1776 patients with advanced cancer or
multiplemyeloma thathadmetastasised to
bone. Median time to first SRE was 20.6
monthswithdenosumaband16.3months
with zoledronic acid. Noninferiority, but
not superiority,wasdemonstrated fordeno-
sumab. The disease progression and over-
all survival rates were similar between the
two groups.5

A third similarly designed study of
women with breast cancer metastatic to
bonehadpreviously reported superiority of
denosumab(HR=0.82;95%CI0.71–0.95;
P=0.01) comparedwith zoledronic acid in
reducingSREs.6 Takentogether, thesestud-
iesestablishdenosumabassuperior to zole-
dronic acid in breast cancer and prostate
cancerandnoninferior to zoledronicacid in
other solid tumours. On the strength of
these three studies, the FDA approved
denosumab inNovember2010 for thepre-
vention of SREs among patientswith solid
tumours thathavemetastasised to thebone.

Denosumab represents an effective
newoption for themanagement of skeletal
morbidity,buthowis theclinician tochoose
betweendenosumab and zoledronic acid?
It is worth noting that none of the three
trials demonstrated a difference in overall
diseaseprogressionor overall survival. The
choice, therefore, must be driven by con-
sideration of drug toxicities and efficacy in
preventing SREs.

Inprostatecancer, denosumab is supe-
rior to zoledronicacid. Is it superior enough
for clinicians to reach for it exclusively?
Zoledronicacidbecamestandardofcare for
bone-metastaticCRPCwhen itwas shown
to prolong median time to first SRE from
10.7months to16.3months–a5.6-month
improvement compared with placebo.7 In
the trial reportedbyFizazietal.4, timeto first
SRE improved by 3.6 months with deno-
sumabcomparedwithzoledronicacid.Sim-
ply put, the magnitude of the additional
benefit of denosumab over zoledronic acid

is about two-thirds of the benefit of zole-
dronic acid over placebo. This significant
additional benefit should leadus to choose
denosumab for men with prostate cancer.
Thehazard ratio for first on-studySREwas
identical in the breast cancer trial, indicat-
ing thatdenosumabshouldbe thestandard
of care in this population aswell.

In non-prostate, non-breast tumours,
the difference between denosumab and
zoledronicacid is simply tooclose tocall. In
the trial byHenry andcollaborators, enrol-
ment featured approximately 40% of
patients with non-small-cell lung cancer
(NSCLC) and 50%with a variety of other
non-breast, non-prostate solid tumours. In
the absence of any specific contraindica-
tions, either drug is a reasonable choice.
Denosumab seemed to be inferior to zole-
dronic acid in the subset of patients with
multiplemyelomaandhenceshouldnotbe
used for this indication.

In patients with renal dysfunction,
denosumab offers a potential advantage.
Zoledronic acid is recommended at
reduced doses for stable mild renal insuf-
ficiency (glomerular filtration rate (GFR)of
30–60 ml/min) and is contraindicated in
patients with evolving renal dysfunction
or aGFRof <30ml/min.Denosumab has
a long half-life (28 days)8 and its clearance
is not dependent on kidney function.
Althoughdenosumab isa rationalchoice for
patients with renal dysfunction, available
dataare limitedbecause suchpatientswere
excluded from the phase III trials that
included zoledronic acid arms.

Do the toxicityprofiles of the twodrugs
help in deciding which of the two is pref-
erential? Zoledronic acid often causes a
flu-like acute-phase reaction, but this is
generallymildandresolveswithoutmedical
intervention. InhibitingRANKsignalling in
cells from the immune system raises the
possibilityof riskof infectionafter treatment
with denosumab,9 but the incidence of

infectious adverse events did not signifi-
cantly differ during the2–3 years of follow
up in any of the phase III trials.4–6

Hypocalcaemia and osteonecrosis of
the jaw (ONJ) are important potential
adverse effects of both drugs. Hypocal-
caemiacanoccurwithanypotentosteoclast
inhibitor, although it seems to be more
commonwith denosumab thanwith zole-
dronic acid (13% vs 6% in the study by
Fizazi et al. and 10.% vs 5.8% in the study
by Henry et al.). Because vitamin D defi-
ciency raises the risk for hypocalcaemia, it
is important to verify a normal serum vita-
minD level before therapy and to encour-
age calcium and vitamin D supplemen-
tation during therapy. ONJ is a rare but
important potential toxic effect of both
drugs, occurring in1–2%of theparticipants
in these trials. Appropriate dental care
before initiation of therapy is likely the
most important preventativemeasure.10

These threephase III trials arepractice-
changing for patients with solid tumours
that are metastatic to bone. Denosumab
should be our first choice in men with
CRPCandwomenwithbreast cancer.For
other solid tumours, zoledronic acid and
denosumabare equally supportedbyhigh-
level evidence.
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Practice point
Three phase III trials establish deno-
sumab as an effective new option to
reduce skeletal morbidity in patients
with solid tumours that have metasta-
sised tobone.Denosumab is superior to
zoledronicacid forpatientswithprostate
or breast cancers and is noninferior for
patients with other solid tumours.
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