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Abstract

Background—We conducted a systematic review of the literature to determine the efficacy and
safety of denosumab in reducing skeletal-related events (SRE) in patients with bone metastases.

Methods—A literature search using MEDLINE, EMBASE, Web of Science and The Cochrane
Collaboration Library identified relevant controlled clinical trials up-to-March 14, 2012. Two
independent reviewers assessed studies for inclusion, according to predetermined criteria, and
extracted relevant data. The primary outcomes of interest were SRE, time to first on-study SRE,
and overall survival. Secondary outcomes included pain, quality of life, bone turnover markers
(BTM), and adverse events.

Results—Six controlled trials including 6,142 patients were analyzed. Compared to zoledronic
acid, denosumab had lower /ncidence of SRE with a risk ratio (RR) of 0.84 (95% confidence
intervals (Cl) 0.80-0.88), delayed the onset of first on-study SRE (RR 0.83; 95%CI 0.75-0.90) and
time to worsening of pain (RR 0.84; 95%CI 0.77-0.91). No difference was observed in overall
survival with pooled hazard ratio of 0.98 (95%CI 0.90-1.0). For total adverse events, denosumab
was similar to zoledronic acid (RR 0.97; 95%CI 0.89-1.0). No significant differences were
observed in the frequency of osteonecrosis of the jaw (RR 1.4; 95%Cl 0.92-2.1). Patients on
denosumab had a greater risk of developing Aypocalcemia (RR 1.9; 95%CI 1.6-2.3).

© 2012 Elsevier Ltd. All rights reserved.

Correspondence: Maria E. Suarez-Almazor, The University of Texas, MD Anderson Cancer Center, T. Boone Pickens Academic
Tower (FCT13.5034), 1515 Holcombe Blvd., Unit 1465, Houston, TX, 77030, USA; Tel 713-745-4516; Fax 713-563-4491;
msalmazor@mdanderson.org.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflicts of Interests: All authors report no conflicts of interests.

AUTHOR CONTRIBUTIONS M. E. Suarez-Almazor had full access to all of the data in the study and takes responsibility for the
integrity and the accuracy of the data analysis.

Study concept and design: M. E. Suarez-Almazor, M. A. Lopez-Olivo, P. Peddi.

Acquisition of data: P. Peddi, G. F Pratt, M. A. Lopez-Olivo, M. E. Suarez-Almazor.

Analysis and interpretation of data: M. A. Lopez-Olivo, P. Peddi, M. E. Suarez-Almazor.

Drafting of the manuscript: M. A. Lopez-Olivo, P. Peddi, M. E. Suarez-Almazor.

Critical revision of the manuscript for important intellectual content: M.A. Lopez-Olivo, P. Peddi, M. E. Suarez-Almazor.
Statistical analysis: M. A. Lopez-Olivo, P. Peddi, M. E. Suarez-Almazor.

Obtained funding: M. E. Suarez-Almazor.

Administrative, technical, or material support: M. E. Suarez-Almazor.

Study supervision: M. E. Suarez-Almazor.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Peddi et al. Page 2

Conclusions—Denosumab was more effective than zoledronic acid in reducing the incidence of
SRE, and delayed the time to SRE. No differences were found between denosumab and zoledronic
acid in reducing overall mortality, or in the frequency of overall adverse events.

Keywords

Denosumab (DB); Skeletal-Related Events (SRE); Bisphosphonates (BP); Zoledronic Acid (ZA);
Bone Metastases

INTRODUCTION

Metastatic involvement of bone is a common complication of advanced cancer. Nearly
100% of patients with myeloma, 65 to 75% of patients with breast or prostate cancer, and 30
to 40% of those with lung cancer develop skeletal metastases.! Half of these patients
develop one or more complications collectively termed skeletal-related events (SRE) (i.e.,
bone pain, hypercalcemia, fracture, spinal cord compression, radiotherapy requirement for
pain, and surgery for pathological fracture).2 3 Since 2002, incidence of SRE has been used
as the composite primary endpoint in the trials conducted to reduce skeletal complications
among patients with bony metastases.# ® SRE cause significant morbidity reduced
performance status, quality of life (QOL) and reduced survival.5 ” They are estimated to
cost 1.9 billion dollars every year in the United States, with the cost to treat a single SRE
episode per patient varying from 6,973 to 11,979 USD.8-10

In addition to treating the primary cancer, bisphosphonates therapy has become an important
strategy to reduce SRE among patients with myeloma, and bone metastases from breast,
prostate and lung cancer.11-14 However, bisphosphonates reduce SRE by only 30-40% in
patients with skeletal metastases, cause infusion-related reactions, osteonecrosis of the jaw
(ONJ), and require intravenous administration and frequent renal monitoring.1>-17

Receptor-activated nuclear factor kappa-B ligand (RANKL), one of the mediators of
osteoclast differentiation, also attracts tumor cells into the bone, which in-turn interact with
marrow stromal cells to produce more RANKL, creating a vicious cycle of osteoclast
activation and bone destruction.18-21 Denosumab, a monoclonal antibody against RANKL,
has shown efficacy in reducing osteolytic markers and SRE. It is administered as a
subcutaneous injection and is not excreted through the kidney, a potential advantage
compared to bisphosphonates for patients with chronic kidney disease.

Patients with metastatic breast, prostate and other cancers are living longer with the advent
of newer and targeted therapies. Therefore, the role of supportive therapy to prevent and
treat these bone complications is becoming more relevant. We conducted a systematic
review and meta-analysis to evaluate the efficacy and safety of denosumab among patients
with metastatic bone disease.

METHODS

Data sources and search strategy

We searched MEDLINE, EMBASE, the Cochrane Collaboration Library, and Web of
Science with no language restrictions up to March 14, 2012. References of the included
articles were also searched manually. The search strategy is provided in Appendix 1.
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Study selection

Titles and abstracts of all retrieved citations were screened by two independent reviewers
(GP and PP) to identify potentially relevant studies. Full texts were retrieved for relevant
citations. Disagreements were resolved by consensus.

Inclusion criteria

Controlled clinical trials evaluating the efficacy of denosumab (at any dosage or frequency)
for the treatment of cancer patients with skeletal metastases or myeloma were included, if
they met the following criteria. 1) Participants of 18 years or older; and 2) Report of at least
one of the following outcomes: a) Incidence of SRE, b) Time to first on-study SRE, c)
Overall survival, d) Overall disease progression, €) Percent reduction in bone turnover
markers (BTM), or f) Adverse events (AE).

We did not exclude studies based on trial duration or length of follow-up. Case reports,
editorials, letters to the editors and studies with no comparison group were excluded.
Abstracts of the conference proceedings were included if the journal article for the
corresponding studies have not been published.

Data extraction

Primary outcomes were: 1)SRE, defined as pathological fracture (excluding major trauma),
radiation therapy to bone, bone surgery or spinal cord compression. Hypercalcemia and pain
were not included in this definition. We evaluated both incidence of SRE and time to first
on-study SRE; 2) Overall survival (OS), defined as the time period from the point of entry
into the study until death; and 3) Overall disease progression was analyzed, as reported by
authors. Secondary outcomes included: 1) Pain evaluated as time to worsening, time to
improvement, and time to improvement in physical activity, outcomes of pain were
measured by any validated pain instrument or using visual analog scale;?2 23 2) Health-
related quality of life (HRQL) was defined as the meaningful improvement in the composite
scores of any instrument (MDASI or SDS) assessing physical, social, mental and functional
wellbeing of an individual;2* 25 3) BTM such as urine N-telopeptide (uUNTX) and serum
bone-specific alkaline phosphatase (BSAP) are indicators for osteolysis and have shown
linear correlation with SRE and death.22 Percentage reductions in the levels of BTM,
proportion of patients who achieved reduction of UNTX >65% and time to achieve reduction
in UNTX level >65% or <50 mmol/umol creatinine were used as indicators to measure bone
turnover outcome. uNTX level levels below 50 mmol/pmol creatinine are considered
normal in young healthy individuals.2 27 For patients with bone metastases, these levels are
considered to represent a lower risk of developing SRE. The cut off level >65% was chosen
based on the median percent reduction published on previous studies (59-65%);28: 29 and 4)
AEswere defined as any unfavorable and unintended sign, symptom, abnormal laboratory
finding, or disease associated with therapy. Grade 3 Common Terminology Criteria Adverse
Events (CTCAE) requiring treatment discontinuation and serious AE (life threatening or
requiring hospitalization) were considered when the information was available: a) Renal
toxicity defined as an increase in blood urea or creatinine, acute or chronic renal failure, or
decreased creatinine clearance, or proteinuria; b) Acute phase reactions defined as flu-like
illness or any adverse events occurring within the first 3 days after the infusion; c)

Hypocal cemia was defined as symptomatic or asymptomatic serum calcium below 8 mg/dl;
d) ONJ is defined as appearance of necrotic bone in the oral cavity; and ) Incidence of new
cancers and infections for both groups were analyzed as reported by authors.

Cancer Treat Rev. Author manuscript; available in PMC 2014 February 01.
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Quality assessment

Each article that met eligibility criteria was independently assessed by two reviewers (PP
and GP) for quality using the risk of bias tool. Attrition, confounding measurement,
performance, selection and conflict of interest were graded as low risk, high risk and unable
to determine.30

Data synthesis and analysis

RESULTS

All outcomes were pooled using STATA Software (version 11.2, StataCorp, College
Station, TX).3! Dichotomous outcomes included rates or proportions from which pooled
relative risk (RR) and 95% confidence intervals (CI) were estimated. Means and standard
deviations (SD) were used to estimate mean differences and 95%CI. Medians were used
instead of means when means were not reported. Standard deviation was estimated from the
inter-quartile range when not available. If SD could not be derived through any method,
missing data was imputed from other included studies. Pre calculated effect estimates (i.e.
hazard ratio (HR)) and CI were pooled if median and SD were missing for time to event
variables.2# Primary analyses were performed using a fixed effects model (Mantel-Haenszel
method), and if there was study heterogeneity (12 >40%), a random effects model was used.
Number needed to treat (NNT) was also estimated.

Our initial search identified 1,551 unique publications (Figure 1). Of these, only 14 met the
inclusion criteria, providing data on 6 trials. Selection agreement between the two reviewers
was 97.5% (x= 0.7; Standard Error (SE) 0.02).

Study characteristics

Risk of bias

Participants

Outcomes

Six trials met our inclusion criteria; three were phase 1128:32. 33 and three phase 111.34-36 The
efficacy and safety of denosumab was compared with either intravenous zoledronic acid or
pamidronate or ibandronate in these trials. The dosages and the frequency of the drugs
administered, study population, length of follow-up and reported outcomes are shown in
(Table 1).

All studies were randomized controlled trials and had a low risk for bias for the various
items assessed. However, three did not adequately report allocation concealment28. 33.34 and
two had open label study design for the drug administered.28: 33 All were funded by industry
(Table 2).

The six trials included 6,142 participants, of whom 3,191 received denosumab and 2,951
received intravenous bisphosphonates (either zoledronic acid or pamidronate or
ibandronate). Weighted mean ages of the patients in the denosumab and bisphosphonate
groups were 62.2 and 62.3 years, respectively. Prognostic factors including European
cooperative oncology group performance status (ECOG), median times from the initial
diagnosis of bone metastases to study allocation, proportion of patients with prior SRE,
therapy and tumor histology were comparable in both groups (Table 3).

Incidence of SRE—This outcome was reported in five trials, all comparing denosumab to
bisphosphonates (Table 4). Three of these measured SRE by a central radiological
committee who were blinded to the intervention.34-36 For the remaining two trials, it was
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unclear if the SRE assessment was blinded.28: 33 There were 1,389 SRE (44%) in the
denosumab-treated group and 1,628 SRE (55%) in the bisphosphonate-treated group with an
absolute risk reduction of 11% (95%CI 8.6%-13.5%). The overall pooled RR for denosumab
versus bisphosphonates was 0.84 (95%CI 0.80-0.88). Pathological fracture was the most
common SRE for both denosumab and bisphosphonates (48.1-50.2%) followed by radiation
(40.5-43.1%), surgery (2.7-2.8%) and spinal cord compression (6.0%). Patients on
denosumab had lower likelihood of receiving radiation to the bone for pain relief (RR 0.81;
95% Cl 0.72-0.92).37

Time to on-study SRE—Time to on-study SRE was reported in three phase 11 trials.34-36
Denosumab resulted in a greater delay to on-study SRE compared with zoledronic acid, with
a pooled HR of 0.83 (95%CI 0.75-0.90). Henry et al.,36 reported HR of 0.84 for non-small
cell lung cancer (NSCLC) (95%CI 0.64-1.1), 1.0 for myeloma (95%CI 0.68-1.6) and 0.79
for other solid tumors (95%Cl 0.62-0.99).

Overall survival—Only three randomized studies reported survival, with no differences
between denosumab and zoledronic acid.34-36 However, Henry et al.,36 examined overall
survival stratifying patients according to tumor type and found that HR were 0.79 for
NSCLC (95%CI 0.65-0.95), 2.3 for myeloma (95%CI 1.1-4.5) and 1.1 for other solid tumors
(95%CI1 0.90-1.3).

Overall disease progression—This outcome was reported as the time to worsening of
the disease, in three phase 111 RCTs comparing denosumab and zoledronic acid, no
difference was noted between the denosumab and zoledronic acid groups with an HR of 1.0
(95%CI 0.95-1.0)34-36 |n one study disease progression was defined as progression of either
localized or regional cancer, visceral metastases, worsening of prostate specific antigen
concentration and bone turnover markers, progression of the disease due to skeletal related
events was not included in this definition.3> Two studies did not report the definition of this
outcome.34 36

Pain—Three phase 11 trials reported time to worsening of pain and time to
improvement.34-36. 38-40 A[| three studies used the Brief Pain Inventory (BPI), a 7-item self-
reported tool ranging from 0 (no interference) to 10 (complete interference) to evaluate pain.
Change on the BPI inventory was considered to indicate pain worsening (>4 points increase)
or improvement (> 2 point decrease). There was a greater delay in worsening of pain level
among the patients receiving denosumab (5.5-9.7 months) compared with patients on
zoledronic acid (4.7-5.7 months), with a pooled HR of 0.84 (95%Cl 0.77-0.91).38-40
However, there was no difference in the median times for the improvement of pain level
between the two study groups.38: 40

HRQL—Only one phase 111 trial reported HRQL for patients with metastatic breast
cancer.34 Patients completed FACT-G questionnaires at baseline, on day 8 and before each
monthly visit to assess HRQL. Higher scores are associated with better HRQL (range
0-108). A 5-point increase from the baseline is considered as meaningful improvement. At
25 weeks 37.1% in denosumab and 31.4% of zoledronic acid groups had noted 5 point
improvement on the FACT-G scores (P < 0.02). Mean scores improved from baseline
through week 73 in both groups with an average of 3.2% more patients experiencing
improvement in the denosumab treated group (range 1-7% from week 5-73). 41

BTM—Six trials reported BTM at 13 weeks. Denosumab was superior to bisphosphonates

in reducing BTM in both bisphosphonate-naive and patients previously treated with
bisphosphonates (Table-5).28: 32-36. 42 Median time to achieve uNTX levels below 50 mmol/
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pmol creatinine was reported in metastatic breast cancer patients by Body et al.*2 In patients
previously treated with bisphosphonates, the median time was shorter for denosumab
compared to bisphosphonates (9 vs. 65 days). However, in bisphosphonate-naive patients
the median time to achieve reduction was similar in both groups (9 and 8 days, respectively).
Median time from baseline for >65% reduction in uNTX/Cr was 13 days (95%CI 10-29
days) for denosumab compared to 29 days (95% CI 9-86 days) for bisphosphonates.28

Adverse events—Patients on denosumab had lower incidence of renal toxicity (RR 0.76;
95%CI 0.59-0.98) and acute phase reactions than those on bisphosphonates (RR 0.42;
95%Cl 0.37-0.49).34-36. 43 No difference was observed between the two groups in the
occurrence of CTCAE grade 3 adverse events, ONJ, new cancers and the incidence of
infections (Table 6).

Hypocalcemia—Denosumab treated patients had increased likelihood of developing
hypocalcemia including CTCAE grade 3 and 4 (RR 1.9; 95%CI 1.6-2.3). Majority of
patients in both groups developed transient hypocalcemia in the first weeks or within 6
months after treatment initiation and large number of patients remained asymptomatic. ONJ:
all cases were ascertained based on serial oral examinations twice yearly by an independent
expert panel. Although denosumab had similar risk to bisphosphonates in the occurrence of
ONJ, an increased trend in the denosumab group was noted (1.8 vs. 1.3%, respectively).
Patients with ONJ in both groups had several risk factors: (i) they were receiving either
chemotherapy (54-67%) or anti-angiogenic therapy (9.6-21.6%); (ii) prior oral
bisphosphonate therapy (7.6%); or (iii) had history of tooth extraction, bad oral hygiene and
use of dental appliance (72.9-85.5%). Resolution of ONJ was observed in 27% of
denosumab and 8% of zoledronic acid treated patients, however, the difference was not
statistically significant (p=0.48).34-36 New cancers: incidence of new primary cancers was
low in both groups (<1%). Bladder, lung, colorectal and skin cancers were reported as new
malignancies by Fizazi et al.3®

When denosumab was compared to zoledronic acid only, results were similar, except for the
overall grade 3 adverse events. Patients in the denosumab group experienced lesser grade-3
adverse events than patients receiving zoledronic acid (HR 0.87; 95%Cl 0.77-0.97).34-36

DISCUSSION

In this systematic review, subcutaneous admini stration of denosumab significantly reduced
the incidence, as well as delayed the onset of SRE in patients with skeletal metastases when
compared to intravenous bisphosphonates. Our results show that compared with
bisphosphonates 9 (95%CI 7-11) additional people need to be treated to prevent one SRE,
suggesting that this difference is clinically significant, given the morbidity and costs
associated with SRE. Although the benefit of SRE reduction was consistently noted in all
the trials included in our analysis, this effect among myeloma patients could not be assessed
separately, due to lack of subgroup data from the published trials. Patients on denosumab
also noted a significant delay in worsening of pain and a trend towards improvement in
quality of life. Additionally, denosumab had a greater reduction in BTM (UNTX), which
have been shown to be surrogate biomarkers for predicting SRE.*# 45 The effect of greater
reduction in BTM (uNTX) by denosumab was maintained in both bisphosphonatenaive and
patients previously treated with bisphosphonates, suggesting that direct inhibition of the
RANK ligand might be more effective in suppressing osteoclast activity. High levels of
bone specific alkaline phosphatase correlate with bone formation, and elevated uNTX levels
correlate with osteolysis and extent of bone disease in cancer patients. Failure to achieve
reduction or normalization of BTM (UNTX) is associated with adverse clinical outcomes
like increased pain, increased number of SRE and increased death.22

Cancer Treat Rev. Author manuscript; available in PMC 2014 February 01.
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Although SRE such as bone fractures and spinal cord compression increase the risk of death
among cancer patients,’: 46 the benefit of reduction in SRE achieved by denosumab showed
improved survival only for NSCLC patients, but did not have an impact on overall survival
in other groups, in fact myeloma patients had decreased survival (HR 2.2; 95% ClI
1.13-4.50).36 The differences in overall survival among NSCLC and myeloma could be
related to prognostic factors that might have been different between these groups at ba
seline, and cannot be ascertained by our analysis. Of interest, zoledronic acid appears to
have a direct inhibitory action on myeloma cells in mice.4”-4% On the other hand although
blocking the RANK ligand has been demonstrated to prevent the development of
progesterone induced mammary epithelial tumors, the role of anti RANKL i.e.
osteoprotegerin (OPG) a decoy receptor for RANK molecule in the prevention of bone
cancers remains controversial, as it is associated with both pro and anti-tumor effects in the
in vitro models.>!

Studies in mice show that RANKL inhibition effectively reduced skeletal tumor burden by
promoting tumor cell apoptosis and decreasing the tumor proliferation rate.>2 93 Likewise,
mice without RANKL showed weak cell-mediated immunity and were noted to have high
rates of infections and development of new cancers.>* 55 In our review we did not observe
any difference in overall disease progression between the two study groups (RR 1.0; 95%ClI
0.95-1.0), no increased rates for infections or the occurrence of new cancers in patients
treated with denosumab was noted, but long-term post marketing surveillance is necessary to
establish the risk for these low frequency events.%6

Patients receiving denosumab had a significantly lower incidence of acute phase reactions
and renal toxicity, and a small reduction in hospitalizations from adverse events. No
differences were observed in the occurrence of ONJ between patients receiving denosumab
or bisphosphonates. More patients in the denosumab group developed hypocalcemia a
worrisome event which can cause cardiac and neurological complications, although no such
complications were documented in these trials.°’ Denosumab was associated with a decrease
in SRE and BTM, and more frequent hypocalcemia, possibly reflecting superior inhibition

of osteoclasts compared with zoledronic acid because of a different mechanism of
action.18. 58,59

To our knowledge, no systematic review has analyzed the safety and efficacy of denosumab
in patients with skeletal metastases. Although our analysis included only six trials, the
sample size was large enough and the data was obtained from fairly good quality RCTs to
provide meaningful conclusions. However, as with any other literature based meta-analyses
our study is limited by information available in the included trials, as the, pain and HRQOL
were not reported in all the trials, evidence comparing the effectiveness of the two study
drugs is limited for these outcome measures. Similarly, the evidence comparing the efficacy
of denosumab and zoledronic acid on the incidence of SRE among the subgroups like lung
cancers, colon cancer, and multiple myeloma could not be provided because of insufficient
information..

In summary, denosumab was superior to zoledronic acid in reducing and delaying the onset
of SRE, and decreasing BTM compared with bisphosphonates. However, a survival benefit
was only observed for patients with NSCLC in one trial, and increased mortality was
reported for patients with myeloma. Furthermore, superior efficacy of denosumab for SRE
reduction may not be generalized for the patients previously treated with bisphosphonates,
as this group constituted only small proportion and had very few events reported (6 events in
each group). Reduced renal toxicity was observed for denosumab, suggesting that it is a
more appropriate therapy than bisphosphonates for patients with chronic kidney disease.
Considering the superior efficacy and safety in several outcome measures, denosumab will
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be one of the promising treatment options for patients with skeletal metastases. However,
physicians should consider its cost effectiveness and also excise caution using in myeloma
patients until further research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Characteristics of the Included Studies.

Table 1

Page 13

Treated previously

Study 'z;\)/: Mhus? Population with IV M?a?;ge Intervention Control Outcomes
Bisphosphonates Y!
PHASE Il TRIALS
DB SQ :
Pamidronate
Myeloma 60.5 0.1,0.3,1.0,3.0
32 ,0.3,1.0,
Body 2006 28 Breast cancer No 55.5 mg/kg (L\r/]egg(r):g) BTM
(one dose)
DB SQ
30,120,180 .
. 28, s’ . Incidence of SRE
Lipton 2007 3 Breast cancer No 58.7 mg Q Bisphosphonates BTM
42 AW IV Q 4W Safet
60, 180 mg Q Y
12w
Prostate
Breast
: DB SQ :
P 33,42, Solid tumors : Incidence of SRE
Fizazi 26%09 3 (except lung) Yes 605 180 r(r)\rgQQ 4W BlsplQ/ostr;%r\}ates BTM
and uNTX > 19W Safety
50nM BCE/
mM
PHASE 11l TRIALS
Incidence of
SRE.
Time to first on-
study SRE
Time to first and
bsequent on-
Stopeck 201034 DB SQ ZA IV su
34 Breast cancer No 56.0 study SRE
38,41
120mg Q 4W 4mg Q 4W Overall survival
Overall disease
progression
Pain, HRQL
BTM
Safety
Incidence of SRE
Time to first on-
study SRE
Time to first and
subsequent on-
Fizazi " Castrate No 110 DB SQ ZA IV study SRE
20113540 : 120 mg Q 4W 4mg Q 4W Overall survival
prostate cancer Overall disease
progression
Pain
BTM
Safety
Incidence of SRE
Time to first on-
study SRE
Time to first and
Solid tumors subsequent on-
Henry 34 (except breast No 60.5 DB SQ ZA IV study SRE
20113639 and prostate) : 120 mg 4W 4mg Q 4W Overall survival

Myeloma

Overall disease
progression
Pain
BTM
Safety

Q 4 W,12W, every 4 weeks and 12 weeks, DB, denosumab; ZA, zoledronic acid; BP, bisphosphonates; SQ, subcutaneous; IV, intravenous; uNTX,
urine N-telopeptide; SRE, skeletal-related events.
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Table 3

Characteristics of Study Participants

Denosumab  Bisphosphonates

Demographics (N=3191)  (N=2951)
Mean age (years) 62.2 62.3
ECOG 0-1 2,837 2,617
ECOG 2 303 312

Prior SRE 1,168 1,109
Presence of visceral metastases 1,187 1,154

ECOG, European Cooperative Oncology Group SRE, skeletal-related event
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Table 4

Efficacy Outcomes

Denosumab  Bisphosphonates

0 2
Outcome Tumor Type (n/N) (n/N) RR  95%CI |
Incidence of SRE
Denosumab vs. Pamidronate
Breast
32
Body 2006 Myeloma 1/44 0/10 0.73 0.03,16.8
Denosumab vs. Zoledronic Acia/Pamidronate/lbandronate €
Lipton 200728 Breast 25/212 7143 072 033,15
Prostate Breast
Fizazi 2009%3 ostate ea; 6/73 6/37 051 0.18,1.4
Solid tumors
Denosumab vs. Zoledronic Acid
Stopeck 201034 Breast 471/1,026 595/1,020 0.79 0.72,0.86
Fizazi 2011% Prostate 494/950 584/951 0.85 0.78.0.92
c
Henry 201136 All tumors, 392/886 436/890 090 082 10
Myeloma
Pooled 0.84 0.78,091 53%
OVERALL POOLED ESTIMATE 084 080,088 7%
Median L
Timeto first on-study SRE time m%jr:?ﬁs;'me HR  95%ClI 12
(months)
Denosumab vs. Zoledronic Acid
Stopeck 201034 Breast Not reached 26.4 0.82 0.71,0.95
Fizazi 20113% Prostate 20.7 17.1 0.82 0.71,0.95
c
Henry 201136 All tumors, 20.6 16.3 0.84 071,098
Myeloma
Pooled 0.83 0.75,090 0%
Overall survival
Denosumab vs. Zoledronic Acid
Stopeck 201034 Breast Not reached Not reached 095 0.81,1.1
Fizazi 20113° Prostate 19.4 19.8 1.0 0.91,1.1
c
Henry2011% Al tumors, 13 13 0.95 083,10
Myeloma
Pooled 0.98 0.90,10 0%
Time to wor sening of pain%€ HR  95%Cl |2
Denosumab vs. Zoledronic Acid
Stopeck 201038 Breast(1,042) 9.7 5.7 .78 0.67,0.92
Brown 201140 Prostate (1,901) 5.8 4.8 .89 077,10
39 All tumors,© 4.7 7
von Moos 2010 Myeloma (1,776) 55 . .85 0.73,0.98
Pooled 084 0.77,091 0%

a L . .
Insufficient information to analyze the data for each bisphosphonates;
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b
Except lung;

c
Except breast and prostate cancer;

d_. . . .
Time to worsening from no/mild to moderate/severe pain;

e
Outcome measured at 73 weeks for Stopeck et al., and von Moos et al. Brown et al reported at 45 weeks. SRE, skeletal-related event.
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Table 5

Percent Reduction in BTM at 13 weeks. Denosumab vs. Bisphosphonates.

Denosumab  Bisphosphonates  Pooled Mean

2 2
BTM (N) (N) Differ ence 95%Cl | P-value
Denosumab vs. Zoledronic Acid/Pamidronate/lbandronate 2
azs,

UNTX 2980 2719 -149  -192-107 78%  <0.0001
BSAP 34-36 2771 2609 -6.5 -8.9,-4.2 13% <0.0001
Denosumab vs. Zoledronic Acid
UNTX 2650 2629 -125 -14.8,-10.3 53% 0.001

BSAP 2554 2552 -7.6 -9.9,-5.2 0%  <0.0001

a . . .
Insufficient information to analyze data separately for each bisphosphonates.

aBody et al.,32 reported percent reductions in uNTX for different doses of denosumab (0.1,0.3,1.0,3.0 mg/kg). uNTX, urine N-telopeptide; BSAP,
serum bone-specific alkaline phosphatase.
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Table 6
Adverse Events
: Pooled
Outcome E/e'\r:osumab ;B\/l;phosphonales relative 95%Cl Pvalue 12
risk (RR)
28,
CTCAE grade 3 AE 2,041/3170  2,003/2,926 0.97 089,10 051 74%
ﬁ;pﬁf;ﬁg;ﬁ?}zg w3542 L5T53176  1,646/2,930 0.95 091,10  0.04 0%
p leading o R o2 3363176 402/2,042 0.82 072,094 0005 0%
7 28,

Acute phase reactions™ 2643170 586/2,939 0.42 037,049 <000001 o7
Renal toxicity®>36 262/2,841  335/2,836 0.76 059,098 003 61%
Hypocalcemia?® 323642 295/3,170 143/2,926 1.9 16,23 <0.00001 0%
New cancers34-36 28/2,841 18/2,836 1.6 0.86,2.8 0.14 0%
Infections2. 3336 1474/3125  1,646/2,930 1.0 093,11 076 48%
ONJ%2 336 522,885 372,846 14 092,21 011 0%

AE, adverse events; Rx, treatment; ONJ, osteonecrosis of jaw.
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