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EXECUTIVE SUMMARY

Background

According to WHO, cancer is the second leading causes of morbidity and mortality
worldwide with approximately 9.6 million cancer related deaths in 2018. Worldwide,
one in six deaths is due to cancer. The low and middle income countries account for
70% of the world’s cancer deaths. In terms of incidence, cancers with high incidence
of bone metastases namely lung, breast and prostate ranked 15, 29 and 4%
commonest cancer diagnosed in 2018; indicating the importance of managing
skeletal related morbidity amongst cancer patients. In Malaysia, National Cancer
Registry Report reported a total of 64 275 cancer deaths within the period of 2007
and 2011 and over the years, the numbers have gradually increased. The major solid
tumour types that tend to metastases to bone include breast, prostate, lung, kidney
and thyroid cancers. Metastatic cancer of solid tumour cells in circulation interacts
with the bone microenvironment causing a positive feedback loop of tumour growth,
which mostly affects the skeleton and thus weakens bone integrity that lead to
skeletal related events (SREs). Patients with an SRE are more likely to have a
subsequent SRE and have a poorer prognosis, shorter overall survival than and
impaired quality of life that consume more health resources compared with patients
without SREs. There are two types of drugs currently used for the prevention and
treatment of SREs that result from bone metastases that include Bisphosphonates
and Denosumab. As these agents play an important role in preventing SREs, their
effectiveness and cost implications need to be assessed for routine practice in
Ministry of Health, Malaysia.

Technical features

Bisphosphonates are synthetic analogues of pyrophosphates, the natural regulator of
bone mineral precipitation and dissolution. They are potent inhibitors of osteoclast
activity that bind to the bone matrix. The four Bisphosphonates currently available are
Clodronate, Pamidronate, Ibandronate and Zoledronic acid. The next generation of
bone metastasis treatments is Denosumab. Denosumab is a fully human monoclonal
antibody that inhibits osteoclast maturation, activation, and function by binding to
receptor activator of nuclear factor kappa B ligand (RANKL), subsequently inhibits the
mechanism of the resorption of the bone.

Policy question
In MOH practices, should Bone Targeting Agents (BTAs) be used in preventing SREs
for metastatic cancers of solid tumours? Which BTAs should be used in routine
clinical practice?

Vi
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Objectives

1. To assess and compare the effectiveness, safety, economic implications,
organizational or societal issues of BTAs in preventing SREs for metastatic
cancers of solid tumours.

2. To conduct local economic evaluation of Bisphosphonates and Denosumab.

Methods

Systematic review of literatures

Studies were identified by searching the electronic database for published literatures
pertaining to the use of BTAs in preventing SREs for metastatic cancers of solid
tumours. The following databases were searched through the Ovid interface:
MEDLINE, EBM Reviews-Cochrane Database of Systematic Reviews (2005 to April
18), EBM Reviews-Cochrane Central Register of Controlled Trials (March 2018),
EBM Reviews-Health Technology Assessment (4th Quarter 2016), EBM Reviews-
DARE, EBM Reviews-NHS Economic Evaluation Database (1st Quarter 2016) and
Embase. Searches were also being conducted in PubMed, Horizon Scanning
database, INAHTA database, and FDA database. Additional literatures were identified
from the references of the retrieved articles. General search engine also be used to
get additional web-based materials and information. The last search was run on 17
May 2018. All relevant literature was appraised using the Critical Appraisal Skills
Programme (CASP) tool and Cochrane Collaboration Assessment tool. All full text
articles were graded based on guidelines from the U.S./Canadian Preventive
Services Task Force.

Decision analytic economic modelling

The economic evaluation was designed from provider perspective (Ministry of Health,
Malaysia) based on mix-cased unit in general public hospital. The evaluation was
conducted using literature-based Markov model (Excel) to compare the direct costs
and quality adjusted life years (QALY) for hypothetical cohort of patients with primary
solid tumour with bone metastases using the seven healths states in two disease
conditions; stable and progressive within 3-month transition cycle and lifetime time
horizon.

Results and conclusion

A. Systematic review of literature

A total of 74 relevant abstracts were screened using the inclusion and exclusion
criteria. Twenty-two out of 74 full text studies comprising of one Health Technology
Assessment (HTA), five Systematic Review (SR), 12 Randomised Controlled Trials
(RCTSs), one retrospective cohort study, one cross sectional survey, one SR on cost
implication and one cost-effectiveness analysis were finally included in this review.

vii



Effectiveness
o There was fair to good level of evidence to suggest:
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Outcomes/ BTAs vs placebo/ no Bisphosphonates Denosumab vs Different regimen of BTAs
Group treatment/ best vs alternate Bisphosphonates (12-weekly vs 4-weekly)
supportive care (BSC) Bisphosphonates
Time to first Significantly delayed Zoledronic acid (ZA) | Pooled data from No difference in time to
SREs time to 1st SREs in all was the most meta-analysis 1st SREs for ZA in breast
types of cancer except | effective in showed that cancer (HR: 1.06, 95% Cl:
non-small cell lung delaying the time Denosumab delayed | 0.70, 1.60)
cancer (NSCLC) to 1st SREs the time to 1st SREs
followed with by 18% for all types
Pamidronate and of cancer.
Ibandronate in [Hazard ratio (HR):
breast and lung 0.82,95% Cl: 0.77,
cancer 0.87]
Risk of first BTAs reduced the risk ZA significantly Denosumab No difference for ZA in
and of 1st and subsequent reduced risk of 1st significantly reduced | terms of risk of 1t and
subsequent SREs in all types of and subsequent the risk of 1st and subsequent SREs in breast
SREs cancer except NSCLC. SREs in patients subsequent SREs by cancer and prostate
with breast cancer 17% with for all types | cancer (HR: 0.97, 95% Cl:
Denosumab was only while no of cancer [Rate ratio: | 0.83,1.12)
superior in reducing difference in other | 0.83, 95% Cl: 0.78,
risk of developing SREs | types of cancers 0.88]
followed by Zoledronic
acid and Pamidronate.
Number of - No significant difference
patients with Bisphosphonates The results were for ZA in overall number
SREs significantly reduced similar between all of patients with SREs (Risk
the number of patients | types of ratio: 1.00, 95% Cl: 0.88,
with SREs in patients Bisphosphonates in 1.15)
with breast and patients with
prostate cancer only. breast cancer for The evidence for
outcomes number Denosumab was limited
of patients with due to the small sample
SREs, number of size involved even though
events per year and there was no significant
SMR difference in overall
number of patients with
SREs (Risk ratio: 1.96, 95%
Cl: 0.71, 5.38)
Number of ZA reduced the Not reported Not reported
events per number of SREs
year compared with
placebo in lung cancer
Skeletal SMR occurred less - -
morbidity frequent in breast,
rate prostate cancer and

OSTs for patients who
received ZA and
Pamidronate
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Outcomes/ BTAs vs placebo/ Bisphosphonates vs Denosumab vs Different regimen of BTAs
Group no treatment/ best | alternate Bisphosphonates (12-weekly vs 4-weekly)
supportive care Bisphosphonates
(BSC)
Overall Treatment with - Overall survival was Not reported
survival Bisphosphonates similar for all types of
did not appear to cancer (HR: 0.94,
affect overall 95% Cl: 0.87, 1.01)
survival in all types except for lung
of cancer. cancer where
patients who
received Denosumab
significantly delayed
by 21% (HR: 0.79,
95% Cl: 0.65, 0.96)
Disease - Not reported No significant Not reported

progression

difference in all types
of cancer (HR: 1.02,
95% Cl: 0.96, 1.07)

Pain relief Significant pain - Denosumab was -

relief with favourable in

Bisphosphonates in reducing pain in

breast and prostate breast cancer,

cancer. prostate cancer and

other solid tumours

Quality of life | Better QoL with - Denosumab was Not reported
(Qol) Bisphosphonates in found improve QoL in

breast and prostate
cancer.

patients with breast
cancer.

o There was fair level of evidence to suggest:

Outcomes/ BTAs vs placebo/ no Bisphosphonates Denosumab vs Different regimen of

Group treatment/ best vs alternate Bisphosphonates BTAs (12-weekly vs
supportive care (BSC) Bisphosphonates 4-weekly)

Number of - - Denosumab significantly -

patients with
SREs

reduced number of
patients with SREs in
breast cancer only while
fewer SREs in prostate
cancer.

Skeletal - - In terms of (SMR), No significant
morbidity Denosumab significantly difference in terms of
rate (SMR) reduced the rate by 22% (SMR) for ZA in
compared to ZA in patients with breast
patients with breast cancer
cancer.
Overall - No significant - -
survival difference in terms

of overall survival
in patients with
breast cancer.
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Outcomes/ BTAs vs placebo/ no Bisphosphonates Denosumab vs Different regimen
Group treatment/ best vs alternate Bisphosphonates of BTAs (12-weekly

supportive care (BSC) Bisphosphonates vs 4-weekly)
Disease Bisphosphonates (ZA) - - -

progression

reduced the number of
events per year and
delayed time to
progression of disease
in patients with lung
cancer compared to
placebo.

Pain relief - No significant - No difference in
difference in terms terms of pain for
of pain reduction in Pamidronate in
patients with patients with
breast cancer. breast cancer.

Quality of life | - No significant - -

(Qol) difference for QoL
in patients with
lung cancer.

Safety

There was fair to good level of evidence to suggest:

No significant difference in few adverse events such as flu-like syndromes,
hypocalcemia, impaired renal function and osteonecrosis when compared
Bisphosphonates with placebo and alternate Bisphosphonates groups. The
incidence of these adverse events are low and could be used safely under
regular clinical monitoring.

Denosumab was associated with two time higher occurrence of hypocalcemia
but with less renal toxicity compared with Zoledronic acid. However, both had
similar occurrence of osteonecrosis of the jaw (ONJ) event.

No significant difference betweenl2-weekly and 4-weekly regimens in
adverse events for hypocalcemia and ONJ. However, less renal toxicity
events found in 12-weekly Zoledronic acid for breast cancer and prostate
cancer compared to 4-weekly Zoledronic acid.

Economic evaluation

A SR on economic evaluation reported for breast cancer, Denosumab was the
most effective but more costly compared to Zoledronic acid with lowest
incremental cost per QALY in excess of £57, 000. The finding was similar for

prostate cancer,

however the costs were varied across countries and

Denosumab is unlikely to represent value for money in the absence of patient
assessment scheme (PAS). In line with above, for lung cancer, Denosumab
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resulting in incremental cost per QALY >£68,000. Overall evidence suggest
Zoledronic acid would result in gains in QALYs for a modest additional cost.

o A cost—effectiveness analysis performed in US in 2017 found that on base-case
analysis, Denosumab was dominated and 12-weekly Zoledronic acid would be a
dominant option. As QALYs was identical in all three treatments, 12-weekly
Zoledronic acid was the optimal treatment as it was the least costly treatment.
Eventhough sensitivity analysis was performed, the results did not lead
Denosumab to being the least costly treatment.

Ethical/Social/Organizational

o One evidence was related to utilization pattern of BTAs and the impact of BTAs
among metastatic solid tumour in real-world practice showed that patients
treated with Denosumab were more likely compliant compared to Zoledronic
acid. The number of percentage that switched agents was lower in the
Denosumab group compared to Zoledronic acid group within first, second and
third year of administration. Thus, the higher levels of compliance and
persistence may improve treatment effectiveness.

B. Decision analytic economic modelling

Based on this decision analytic model, the use of bone targeting agents in preventing
skeletal-related events among Stage IV solid tumour patients with bone metastases is
a cost-effective strategy. Within this evaluation, the most cost-effective option was
12-weekly intravenous Zoledronic acid, yielding an ICER of RM 4,968.87 per QALY
gained which is lower than the cost-effectiveness threshold of 1 GDP per capita. The
estimated total financial implications for this strategy with 100% potential patients
coverage was RM 8.8 million per year.

Recommendation

Based on this review, BTAs significantly delay the development of SREs among
metastatic cancers of solid tumours and hence, directly preserving quality of life and
improve morbidity rate. This effect is particularly significant with Zoledronic Acid and
Denosumab. Twelve-weekly 1V Zoledronic acid was found to be the most cost-
effective option in preventing SREs among solid tumour patients with bone
metastases. Current evidence on the use of 12-weekly Denosumab is still limited,
thus, further good quality research is warranted. In general, BTAs were well tolerated
with rare occasion of adverse events. However, creatinine clearance must be closely
monitored in patients receiving Zoledronic acid in view of its potential side effect of
renal impairment.

Xi



HIA: Bone Targeting Agents (BLAs)

ABBREVIATIONS

BTA : Bone targeting agent

BPs : Bisphosphonates

BSC : Best supportive care

CASP : Critical Appraisal Skill Programme
Cl : Confidence interval

CCA : Cost-consequences analysis
CDSR : Cochrane Database of Systematic Reviews
CEA : Cost-effectiveness analysis

CUA : Cost-utility analysis

DP : Disodium Pamidronate

HTA : Health Technology Assessment
HRQoL : Health related quality of life

ICER : Incremental cost-effectiveness ratio
ITT : Intention-to-treat

v . Intravenous

LYS : Life years saved

MOH : Ministry of Health

NSCLC : Non-small cell lung cancer

OR : Odds ratio

OoSsT : Other solid tumour

PAS : Patient access scheme

RANKL : Receptor activator of nuclear factor kappa B ligand
RCT : Randomised controlled trial

RR : Rate ratio

RR : Relative risk

SC : Subcutaneous

SCC : Spinal cord compression

SCLC : Small cell lung cancer

SMR : Skeletal morbidity rate

SR : Systematic review

SRE : Skeletal related event

US FDA : United States Food Drug Administration
QALY . Quality-adjusted life year

QoL - Quality of life

WHO : World Health Organization

ZA . Zoledronic acid
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CHAPTER 1: INTRODUCTION

1.1 BACKGROUND

Cancer which spread from the primary site to other parts of the body is called
metastatic cancer.®! When cancerous cells break away from the primary site, they
travel to other area of the body through either the bloodstream or lymphatic
system. Bone is one of the common sites for the cancer cells to settle and start
growing.>2 Tumour cells from metastatic cancer which are present in circulation
interact with the bone micro-environmant, causing a positive feedback loop of
tumour growth, which mostly affects the skeleton and weakens bone integrity and
lead to skeletal related events (SREs).! SREs could be defined as spinal cord
compression (SCC), pathological fracture, palliative radiation to the bone and bone
surgery.?> However, bone pain and hypercalcemia were included in the previous
definition.®® When SREs happen, the quality of life and life expectancy of a patient
may be greatly reduced.

Carcinoma that commonly metastasize to the bone are prostate, breast, lung,
thyroid and kidney.»? The frequency of SREs may differ based on the site of the
malignancy. It is estimated that 73% of breast cancer, 68% of prostate cancer,
36% of lung cancer, 42% of thyroid cancer and 35% of kidney cancer showed
evidence of bone metastases at post-mortem examination, but this prevalence
was not available for Malaysian population. According to the Malaysian National
Cancer Registry Report 2007-2011, prostate cancer was among the five most
common cancers in male with incidence rate 6.6 per 100,000 population whereby
41.3% from 1592 were detected at stage four (658). While for female, breast
cancer was the most common with incidence rate 31.1 per 100,000 population
whereby 36.5% from 12011 cases were diagnosed at stage four (2411).° At the
same period there were 4028 stage four lung cancer patients, 273 stage four
thyroid cancer patients and 372 stage four kidney cancer patients.®

More hospital resources including treatment, physiology, rehabilitation and social
support were needed when SREs develop in metastatic cancer patients. Studies
conducted in Europe and the United States describe the substantial healthcare
resource use required for the management of metastatic bone disease and the
treatment of SREs in patients with advanced cancer in general.’®13 A recent
analysis of health databases in the United States found the cumulative incidence
of SREs at 24 months was 54.2% among patients with breast cancer, 41.9%
among patients with prostate cancer and 47.7% among patients with lung
cancer.’* The incidence rate for patients admitted following SREs were 211 per
1000 for breast cancer, 150 per 1000 for prostate cancer and 260 per 1000 for
lung cancer in Spain.'® Costs and hospital length of stays varied by type of SREs
and ranged from €1187 to €40 948, depending on event type of cancer.’® On
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average, one of the major skeletal events occur every three to six months. Skeletal
related events resulted in greatest morbidity which includes pain, hypercalcemia
and pathological fracture affecting patients’ quality of life over the years and may
increase healthcare cost.191617 Survival rates for people with bone metastases
vary depending on the primary tumour type. In breast cancer, median survival was
24 months with a 5-year survival rate of 20% and in prostate cancer there was a 5-
year survival rate of 25% and a median survival of 40 months.}'® Thus,
hospitalisation with SREs is associated with high health economic burden. 1920
Therefore, reducing the incidence of metastatic bone disease associated with
SREs may lead to less inpatient admissions, shorter lengths of stay and less cost.

There are two types of Bone targeting agents (BTAs) currently used for the
prevention and treatment of SREs that result from bone metastases:
Bisphosphonates and Denosumab, a receptor activator of nuclear factor kappa B
ligand (RANKL). It is known that NICE published information through their
guidelines that patients with lung cancer, metastatic spinal cord compression and
advanced breast cancer to be given Bisphosphonates for prevention of SREs
instead of receiving best supportive care. Bisphosphonates is not offered to
prevent the complications of bone metastases in men with hormone-relapsed
prostate cancer, however may be considered for pain relieve when treatments with
analgesic and palliative radiotherapy have failed. Denosumab, is an alternative
therapy to Bisphosphonates.?1-24

In Ministry of Health (MOH), Malaysia, Drug Formulary, Ibandronic acid tablet and
Denosumab injection was approved for the treatment of post-menopausal
osteoporosis, while Zoledronic acid was approved for prevention of SREs only in
patients with multiple myeloma involving multiple bone lesions.?° Zoledronic acid
might be less convenient to patients as it is delivered intravenously (IV) for 15
minutes compared to Denosumab which is administered subcutaneously (SC) and
would be a better option but cost implications need to be taken into account.?>2°
As these agents play an important role in preventing SRES, their effectiveness and
economic implications need to be assessed. Hence, this HTA was requested by
Clinical Oncologist, Hospital Kuala Lumpur (HKL).



HIA: Bone Targeting Agents (BLAs)

1.2 TECHNICAL FEATURES

Bisphosphonates

Bisphosphonates are synthetic analogues of pyrophosphates, the natural regulator
of bone mineral precipitation and dissolution. They are potent inhibitors of
osteoclast activity that bind to the bone matrix. They are released during bone
resorption, and are subsequently internalised by osteoclasts, where they interfere
with biochemical pathways and induce osteoclast apoptosis. Bisphosphonates
also antagonise osteoclastogenesis and promote the differentiation of osteoblasts
(Figure 1). As a result, Bisphosphonates inhibit tumour-induced osteolysis and
reduce skeletal morbidity.*®

There are four Bisphosphonates currently available: Clodronate; administered
orally at a dose of 1.6-3.2 gram (g) daily, Pamidronate; administered by slow
intravenous infusion (IV) at a dose of 90 milligram (mg) every four weeks,
Ibandronate; administered either orally 150 mg monthly or IV 6 mg every three to
four weeks and Zoledronic acid (ZA); administered by intravenous infusion 4 mg
every three to four weeks. Absorption of oral Bisphosphonates is estimated at less
than 6% of the active compound because of the low uptake from passive diffusion
in the gastrointestinal tract. Location of treatment is important to patients. One
study found that patients prefer administration at home, but this is not often
possible with IV treatments.3°

Bisphosphonates are generally well tolerated, although they are associated with
osteonecrosis of the jaw, hypocalcaemia and renal toxicity, thus requiring routine
monitoring of serum creatinine and other biochemical parameters and dose
adjustments if necessary. Despite these concerns, Bisphosphonates are an
important tool in the management of skeletal complications of cancer, providing
benefits for the treatment of hypercalcemia, osteolytic lesions and fractures, as
well as offering amelioration of pain and improvement in quality of life.1831

Denosumab

Denosumab is a fully human monoclonal antibody that inhibits osteoclast
maturation, activation, and function by binding to receptor activator of nuclear
factor kappa B ligand (RANKL), subsequently inhibits the mechanism of the
resorption of the bone (Figure 1).3234 Denosumab is currently approved for post-
menopausal osteoporosis, administered by subcutaneous 60 mg every six
months.
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Figure 1. Mechanism of action of Denosumab and Bisphosphonates on vicious
cycle of osteolytic metastases

Zoledronic acid with Zometa® trade name was approved by United States Food
and drug Administration (US FDA) in 2001 for the treatment of patients with
multiple myeloma and documented bone metastases from solid tumours in
conjunction with standard therapy. While in United Kingdom (UK), Ibandronic acid
is licensed for bone metastases in breast cancer only and Zoledronic acid is the
only drug that is licensed for all cancers involving the bone.® Denosumab with
Xgeva® trade name was approved on November 18, 2010 by US FDA for the
prevention of SREs in patients with bone metastases from solid tumours.1°

POLICY QUESTION

1. Should Bone Targeting Agents (BTAs) be used in preventing SREs for
metastatic cancers of solid tumours?

2. Which BTAs should be used in routine clinical practice?
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CHAPTER 2: SYSTEMATIC REVIEW AND META-ANALYSIS

OBJECTIVES

I. To assess and compare the effectiveness of BTAs in preventing SREs for
metastatic cancers of solid tumours.

ii. To assess the safety of BTAs in preventing SREs for metastatic cancers of solid
tumours.

iii. To assess the cost-effectiveness of BTAs in preventing SRES.

iv. To assess the organisational or societal issues related to the use of BTAS in
preventing SREs for metastatic cancers of solid tumours.

RESEARCH QUESTIONS

i. What are the short and long term benefits of using BTAs in preventing SREs for
metastatic cancers of solid tumours? Is there a subgroup of patients who is
more likely to benefit from these agents (e.g. type of cancer, etc.)?

ii. How safe is BTAs in preventing SREs for metastatic cancers of solid tumours?

iii. What is the economic implication of using BTAs in preventing SREs compared
to current best practice?

iv. What are organisational or societal issues related to the use of BTAs in
preventing SREs for metastatic cancers of solid tumours?

METHODS

2.3.1 Literature search strategy

Studies were identified by searching the electronic database for published
literatures pertaining to the use of BTAs in preventing SREs for metastatic cancers
of solid tumours. The following databases were searched through the Ovid
interface: MEDLINE, EBM Reviews-Cochrane Database of Systematic Reviews
(2005 to April 18), EBM Reviews-Cochrane Central Register of Controlled Trials
(March 2018), EBM Reviews-Health Technology Assessment (4" Quarter 2016),
EBM Reviews-DARE, EBM Reviews-NHS Economic Evaluation Database (1%
Quarter 2016) and Embase. Searches were also being conducted in PubMed,
Horizon Scanning database, INAHTA database, and FDA database. Additional
literatures were identified from the references of the retrieved articles. General
search engine was also used to get additional web-based materials and
information. The detail of the search strategy was presented in the Appendix 3.
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2.3.2 Inclusion criteria

a.

o

Population: Adult patients with metastatic cancers or stage IV cancers
(breast cancer, prostate cancer, lung cancer and other
solid tumours)

Intervention:  Bisphosphonates or Receptor Activator of Nuclear Factor
Kappa B Ligand (RANKL) inhibitor

Comparator:  Placebo or best supportive care or Bisphosphonates or
Chemotherapy

Outcome: Effectiveness:
i. Time to first SRES

ii. Risk of first and subsequent SREs

iii. No. of patients with first SREs

iv. No. of events per year
v. Quality of life
Safety:

i. Hypocalcaemia
ii. Osteonecrosis of the jaw

iii. Adverse events potentially associated with renal
impairment

iv. Patients experiencing acute-phase reactions (acute
pain, bone pain)

v. Gastrointestinal toxicity

Organisational issues (e.g. hospital admission, length
of stay, day care)
Social issues (e.g. patient satisfaction, compliance)

Study design: HTA reports, Systematic Review, Randomised Controlled
Trials for effectiveness and safety plus one cross-sectional survey for
outcome bone pain. Another restrospective cohort for outcome
social/ethical/psychological/organisational and studies which include
economic evaluation.
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f. English full text articles

2.3.3 Exclusion criteria

a. Study design: Non-randomised controlled trials, animal study, laboratory
study, observational studies, narrative review, editorials, and letter to the
editors.

b. Non English full text article.

Based on the above inclusion and exclusion criteria, study selection was carried
out independently by two reviewers. Disagreement was resolved by discussion.

2.3.4 Critical Appraisal of Literature

The risk of bias (methodology quality) of all retrieved literatures was assessed
using the relevant checklist of Cochrane Collaboration Assessment tools and
Critical Appraisal Skill Programme (CASP) by two reviewers depending on the
type of the study design. All full text articles were graded based on guidelines from
the U.S./Canadian Preventive Services Task Force (Appendix 1).

2.3.5 Analysis and Synthesis of Evidence

Data extraction strategy
The following data was extracted:
i. Details of methods and study population characteristics.

ii. Details of intervention and comparators.
iii. Details of individual outcomes for safety, effectiveness, cost implication,

Organisational and societal issues associated with the use of bone targeting
agents.

Data was extracted from selected studies by two reviewers using a pre-designed
data extraction form and checked by another reviewer. Disagreements will be
resolved by discussion.

Methods of analysis/synthesis

Data on the effectiveness, safety and cost implication of using BTAs presented in
tabulated format with narrative summaries. Meta-analysis was conducted for the
RCTs that compared Denosumab with Zoledronic acid and BTAs between
different regimen (12-weekly versus 4-weekly). The data were pooled using
Review Manager (Revman) 5.3 if heterogeneity, 1% is less than 80%.% Hazard
ratio (HR), rate ratio (RR) and risk ratio (RR) were calculated using fixed—effect
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method with 95% Confidence Interval (Cl) were reported as appropriate. Statistical
significance was set at p<0.05 for all outcomes.

RESULTS
2.4.1Results of the search

A total of 1,172 records were identified through the Ovid interface: MEDLINE, EBM
Reviews-Cochrane Database of Systematic Reviews (2005 to April 18), EBM
Reviews-Cochrane Central Register of Controlled Trials (March 2018), EBM
Reviews-Health Technology Assessment (4" Quarter 2016), EBM Reviews-DARE,
EBM Reviews-NHS Economic Evaluation Database (1%t Quarter 2016) and
Embase. Searches were also conducted in PubMed, Horizon Scanning database,
INAHTA database, and FDA database. The last search was run on 17 May 2018.

Fifteen additional records were identified from references of retrieved studies.
After removal of 233 duplicates, 954 records were screened through titles and
abstracts. A further 880 records were excluded. Subsequently, 74 potentially
relevant abstracts were retrieved in full text. Another 52 studies were excluded for
not meeting the inclusion criteria (Figure 2). The studies were excluded due to
irrelevant study design (n=20), irrelevant population (n=4), irrelevant intervention
(n=3), irrelevant outcome (n=17) as well as those already included in the
systematic reviews (n=8). The excluded studies are listed in Appendix 7.

Description of 22 full-text articles included in qualitative synthesis are presented in
Table 1, Table 2 and Table 3. Number of full-text articles included in quantitative
analysis are presented in Table 2.
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2.4.2 Description of the included studies

Twenty two full text studies included in this review comprised of one Health
Technology Assessment (HTA), five Systematic Review (SR), 12 Randomised
Controlled Trials (RCTs), one cross-sectional survey, one retrospective cohort
study, one SR on economic evaluation and one study on cost-effectiveness
analysis. All studies included were published in English language between 2007
and 2018 and were mostly conducted in the U.S.A., United Kingdom, European,
Japan, Australia, India and South Africa.

Of the 22 included articles, 19 studies were included in the effectiveness and
safety sections in this review. The other two studies covers economic evaluation
and one study related to social/ethical/psychological of BTAs in preventing SREs
for metastatic cancers of solid tumours.

Types of primary tumour included were breast cancer (13 studies), prostate cancer
(five studies), lung cancer (six studies) and other solid tumours (OST) (four
studies). For RCTs of different regimen of BTAs, all studies were related to breast
cancer except one study that includes prostate cancer (Himelstein et al. 2012).



HIA: Bone Targeting Agents (BLAs)

Number of records identified

through electronic databases identified from other sources (n=15)

searching (n=1172)

Number of additional records

l

Number of records after duplicates removed (n=954)

A 4

Number of records
screened (n=954)

l

Number of full-text

— 5 | records excluded

Number of

(n=880)

Number of full-text
articles excluded

(n=22)

articles assessed for (n=52):
eligibility (n=74) - Irrelevant  study design
(n=20)
- Irrelevant population
(n=4)
- Irrelevant  intervention
(n=3)
- Irrelevant outcome
Number of full-text articles (n=17)
included in qualitative synthesis - Already included in

systematic review (n=8)

Number of full-text articles

(n=12)

included in quantitative synthesis

Figure 2: Flow chart of study selection
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Table 1. Description of the included studies: types of primary tumour, number of patients, intervention and comparison and outcome measures.

Study Types of primary tumour Number Intervention & Outcome measures
(number of studies included) patients Comparison

Health Technology Assessment (HTA) with Network Meta-Analysis (NMA)

Ford et al. Breastcancer (n=6) More than 10200 Denosumab e Time to first on-study SREs

(2013)" Prostate cancer (n=13)

Other Solid Tumours (n=12)

Bisphosphonates
Best Supportive Care (BSC)

Risk of developing first and subsequent SREs
Skeletal morbidity rate (SMR) @ Overall survival
Proportion of patients with on-study SREs
Pain @ Quality of life

Systematic Review of RCTs

O'Carrigan et al.
(2017)8

Breast cancer (n=24)

LeVasseur et al.
(2016)%7

Lung cancer (n=15)

Wang et al
(2015)3

Breast cancer (n=9)
Prostate cancer (n=3)
OST & Non-small
(n=12)

Breast cancer (n=23)

cell

Li et al (2014)7

lung cancer

10853 women

3379

10192 patients

More than 9330

Denosumab
Bisphosphonates
Placebo

Denosumab
Bisphosphonates

Placebo

Best Supportive Care (BSC)

Denosumab
Bisphosphonates
Placebo

Bisphosphonates
Placebo

Time to first SREs

Risk of developing SREs

Number of patients with SREs ® Overall survival
Pain ® Quality of life

Time to first on-study SREs
Annual incidence of SREs
Overall survival
Progression free survival
Time to progression
Quality of life ® Safety

Reduction in SREs

Time to first SREs

Incidence and rate of SREs

Rate of first and subsequent SREs
SMR

Overall survival ® Bone pain

11
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Table 2. Description of the included studies: types of primary tumour, dosing, intervention and comparison, duration of follow-up and outcome measures

Study Duration of Outcome measures
follow-up

Types of primary tumour
(number of patients)

Dosing

Intervention & Comparison
(number of patients)

Randomised Controlled Trials (RCTs): Denosumab versus Zoledronic acid (dosing for every 4 week)

Lipton et al. Breast cancer (n=2046) 120 mg Denosumab (n=2775) 42 months e First on-study SREs
(2016)38 Prostate cancer (n=1901) 4 mg Zoledronic acid (n=2768) e Risk of first and subsequent on-study SREs
Other Solid Tumours
(n=1596)
Scagliotti et Lung cancer 120 mg Denosumab (n=411) 21 months e Overall survival
al. (2012)* 4 mg Zoledronic acid (n=400)
Martin et al. Breast cancer 120 mg Denosumab (n=1026) 20 months e First on-study SREs
(2012)40 4 mg Zoledronic acid (n=1020) e First and subsequent on-study SREs
e Number of patient with SREs
e SREs by type
e Quality of life
Fizazi et al. Castration-resistant 120 mg Denosumab (n=950) 34 months
(20114 prostate cancer 4 mg Zoledronic acid (n=951) e Time to first on-study SREs
e First and subsequent on-study SREs
e Overall survival & disease progression
e Number of patient with SREs
Henry et al. Non-small cell Lung Cancer 120 mg Denosumab (n=799) 34 months
(2011)*2 Other Solid Tumour 4 mg Zoledronic acid (n=807) e Time to first on-study SREs
e First and subsequent on-study SREs
e Overall survival & disease progression
Stopeck et Breast cancer 120 mg Denosumab (n=1026) 38 months
al. (2010)*3 4 mg Zoledronic acid (n=1020) e Time to first on-study SREs

e First and subsequent on-study SREs

o Skeletal morbidity rate

e Overall survival & disease progression

12
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Study Types of primary tumour Dosing Intervention & Comparison Duration of Outcome measures
(number of patients) (number of patients) follow-up
Randomised Controlled Trials (RCTs): Different regimen of BTAs (12-weekly versus 4-weekly)
Himelstein et Breast cancer (n=855) 4 mg ZA 12 weeks (n=772) 24 months e Proportion of patients having at least one SREs
al. (2017)% Prostate cancer (n=689) 4 mg ZA 4 weeks (n=772) e Number of patients with SREs within 2 years
e First and subsequent SREs
e Safety (adverse events)
Hortobagyi et Breast cancer 4 mg ZA 12 weeks (n=203) 12 months e Number of SREs
al. (2017)% 4 mg ZA 4 weeks (n=200) e Time to first SREs
e First and subsequent SREs
e SRE-free survival
e Skeletal morbidity rate
e Adverse events
Amadori et al. Breast cancer 4 mg ZA 12 weeks (n=209) 12 months e First and subsequent SREs
(2013)% 4 mg ZA 4 weeks (n=216) e Number of patients with SREs within 2 years
e Skeletal morbidity rate ® Adverse events
Amir et al. Breast cancer 90 mg Pamidronate 12 weeks (n=19) 48 weeks o Skeletal morbidity rate
(201347 90 mg Pamidronate 4 weeks (n=19) e Number of patients with SREs within 2 years
e First and subsequent SREs
Fizazi et al. Breast cancer 180 mg Denosumab 12 weeks (n=36) 57 weeks e Time to first on-study SREs
(2009)48 180 mg Denosumab 4 weeks (n=38) e First and subsequent on-study SREs
e Overall survival & disease progression
Lipton et al. Breast cancer 60 & 80 mg Denosumab 12 weeks (n=85) 56 weeks e Time to first on-study SREs
(2007)*° 30, 120 & Denosumab 4 weeks (n=127) e First and subsequent on-study SREs
180 mg o Skeletal morbidity rate

Overall survival & disease progression
Adverse events

13
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Table 3. Description of included studies: types of primary tumour, intervention and comparison, duration of follow-up and outcome measures

Study Types of study Types of primary tumour Intervention & Comparison Duration of Outcome measures

(number of patients) (number of patients) follow-up
Additional studies for outcome effectiveness
von Moos et Prospective, cross- Breast cancer (n=2984) BTAs (NR) 6 months ¢ Bone pain
al. (2018)>° sectional survey Stage IV (n=2544) No BTAs (NR)

With BMs (n=1408)

Non-BMs (n=1136)
Additional study for outcome safety
Chen et al. Systematic review Metastatic cancer (13,733) Denosumab 4-weekly (6880) NA e Adverse events
(2016)32 & Meta-analysis Zoledronic acid 4-weekly (6853)
Study for outcome social/ethical/psychological/organisational
Qian et al. Retrospective Metastatic cancer (14,881) Denosumab 4-weekly (NR) 36 e Compliant
(2017)>" cohort Zoledronic acid 4-weekly (NR) months

after BTA
initiation
Studies for outcome economic evaluation
Andronis et al. Systematic review Metastatic cancer (NR) Denosumab NA e Cost-utility analyses (16)
(2018)>? (24 studies) Bisphosphonates e Cost-effectiveness analyses (4)
e CUA & CEA (3)
e Cost-consequences analysis (1)
Shapiro et al. Cost-effectiveness Breast cancer (10,000) Zoledronic acid 4-weekly 2-year ¢ Base-case analysis
(2017)% analysis (CEA) Zoledronic acid 12-weekly time e Sensitivity analysis
Denosumab 4-weekly horizon

14
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2.4.3 Risk of Bias Assessment

Assessment for Systematic Review Studies Using Critical Appraisal Skills
Programme (CASP) Checklist

Figure 3 shows the summary of the risk of bias of the seven included studies based
on the Critical Appraisal Skill Programme (CASP) checklist. Four out of seven
studies were overall at low risk of bias at all domain assessed. For LeVasseur et al.,
meta-analysis was done only for Zoledronic acid and no heterogeneity data
available for the meta-analysis. There was no explanation why they did that, thus
was judged as unknown for the last domain.
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c ®© o = L 5 LV ¢ Q
5= o2 235 S3c0
<G n 2 < £ - c 2
19
Ford et al. + + + +
O’Carrigan et al.8
9 + + + +
LeVasseur et al.37 + + + ?
Wang et al.3! + + + +
Lietal” + - - ?
Chen et al.32 + + - +
Andronis et al.52 + + + +
+ Indicates YES (low risk of bias)

Notes: 2 | indicates UNKNOWN risk of bias

- Indicates NO (high risk of bias)

Figure 3. Risk of bias summary for Systematic Review studies
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Li et al. had more than one domain judged as high risk of bias as they did not
mention the method that they used in searching the articles and no quality
assessment done for the included studies as these are the important criteria for
all systematic review studies. Chen et al. also did not assessed the quality of all
included studies thus, was judged as high risk of bias for this domain.

Assessment for Randomised Controlled Trial Using Cochrane
Collaboration’s Tools

Figure 4 shows the summary of risk of bias of the 12 included studies based on
the Cochrane Collaboration Tool for assessing risk of bias.®® Four out of 12
studies were at low risk of bias for all six domains assessed.
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Lipton et al. 38 + ? + + + +

Scagliotti et al. 3° ? ? ? + + +

Martin et al. 40 + + + + + +

Fizazi et al. 4 + + + + + +

Henry et al. 42 + + + + + +

Stopeck et al. 43 ? ? + + + +
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?
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Notes: + Indicates YES (low risk of bias)

? indicates UNKNOWN risk of bias
- Indicates NO (high risk of bias)

Figure 4. Risk of Bias Summary for RCTs
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Of the 12 studies, two studies did not clearly state the method of generating the
randomisation sequence, six studies did not mention the detail of allocation
concealment method and thus they were classified as unclear risk of bias. Blinding
was unclear in four studies and there was no blinding either in participants or
personnel in one study. All articles carried out intention-to-treat (ITT) analysis as
the final analysis have included all randomised patients and all outcomes
measured were stated in the results section, thus were judged to have low risk of
bias for these two domains. For domain of the other bias, baseline comparability
was considered. All studies were judged to have low risk of bias as the baseline
characteristics were comparable between the intervention and control groups.

244 EFFECTIVENESS

Eighteen studies related to the effectiveness of of BTAs in preventing SREs for
metastatic cancers of solid tumours which met the inclusion criteria were included
in this review. Twelve RCTs out of 17 studies were included in quantitative
synthesis and were divided into two major groups of meta-analysis which are the
comparison of Denosumab and Zoledronic acid and the comparison of two
different regimens of BTAs (12-weekly versus 4-weekly).

The results were presented separately for studies involving intervention BTAs
compared with placebo or no treatment or best supportive care, intervention
involving Bisphosphonates compared with alternate Bisphosphonates, intervention
involving Denosumab compared with Bisphosphonates and intervention involving
different regimen of BTAs (12-weekly versus 4-weekly).

Within each types of interventions, the results were presented based on the
different outcomes as follows; time to first SREs, risk of first and subsequent
SREs, number of patients with SREs, number of events per year, skeletal
morbidity rate, overall survival, disease progression, pain and quality of life. For
each outcome, results will be divided into four main types of metastatic cancer;
breast cancer, prostate cancer, lung cancer and other solid tumours.

Number of participants ranged from three thousand to more than ten thousand for
HTA and SR and from 38 to more than five thousand for RCTs. The dosing that
have been used in RCTs comparing Denosumab and Zoledronic acid were similar
in all six studies while varied in Denosumab dosing for RCTs of different regimen
of BTAs. Duration of study varied between 48 weeks and 42 months.

All studies reported at least one outcome of SRESs for their primary outcomes such

as time to first on-study SRESs, first and subsequent on-study SREs, number of
patients with SREs, number of events per year, overall survival, disease

17
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progression, pain and quality of life. There was one study that only reported for
bone pain and quality of life (von Moos et al.) where they compared patients who
received BTAs with patients who do not received BTAs in real-world practice in six
Eurepoean countries: Belgium, France, Germany, Italy, Spain and UK.

Effectiveness of BTAs (Bisphosphonates or Denosumab) versus placebo or

no treatment or best supportive care (BSC)

One HTA and four SR reported these interventions which included 57 studies; six
studies in Ford et al., 14 studies in O’Carrigan et al., eight studies in LeVasseur et
al., eight in Wang et al. and 21 studies in Li et al. All results reported in Ford et al.
which compared Denosumab with placebo and Denosumab with Pamidronate
were derived from indirect Network Meta-analysis (NMA) (Figure 5). While all
results reported in Wang et al. were derived from indirect NMA that involved
studies with patients’ naive BTAs treatment.

One HTA (Ford et al.) and three SR studies (O’Carrigan et al., Wang et al. and Li
et al.) reported on metastatic breast cancer patients, one HTA and one SR study
(Ford et al. and Wang et al.) reported on metastatic castration-resistant prostate
cancer, two SR studies (LeVasseur et al. and Wang et al.) reported on metastatic
lung cancer and one HTA and one SR study (Ford et al. and Wang et al.) reported
on OSTs.

Stopeck 2010,

Fizazi 2011, Denosumab | %
Henry 201 x ~\\\\
\\A

Zoledronic acid

A\ 4

Pamidronate

Rosen 2003a

Kohno 2005,
Saad 2002,
Rosen 2003b

Lipton 2000

Placebo

<4—» direct meta-analysis

<« - » indirect meta-analysis

Figure 5. Network Meta-analysis studies in Ford et al. 2013
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1. Time to first SREs

Out of one HTA and four SR, only three studies reported on this outcome. Wang et
al. and Li et al. did not report on this outcome.

Breast cancer

Ford et al. conducted HTA with NMA reported that Bisphosphonates (ZA and
Disodium Pamidronate) compared to placebo significantly delayed the time to first
SREs in breast cancer (Table 4). Denosumab compared to placebo also
significantly delayed the time to first SREs in breast cancer (Table 5).1°level!

O’Carrigan et al. conducted a SR and MA in breast cancer patients which involved
Bisphosphonates  versus no  Bisphosphonates (three  studies) and
Bisphosphonates versus placebo (11 studies). Eleven out of 12 studies reported
this outcome. They found that Bisphosphonates group (oral and IV Clodronate, 1V
Pamidronate, oral and IV Ibandronate and IV Zoledronate) significantly delayed
the median time to first SREs with absolute effect that ranged from 8.7 to 20.8
months as compared to placebo group ranged from 4.9 to 14.9 months and
median ratio 1.43 (Table 4).8 level!

Prostate cancer

Ford et al. reported that Bisphosphonates (ZA) and Denosumab compared to
placebo significantly delayed the median time to first SREs in patient with prostate
cancer (Table 4) reducing the risk of this event by 32% (ZA) and by 44%
(Denosumab) compared to placebo (Table 5).19 evel!

Lung cancer

Ford et al. reported no significant difference between Bisphosphonates (ZA)
(Table 4) and Denosumab (Table 5) compared to placebo in patients with non-
small cell lung cancer (NSCLC).19 levell

LeVasseur et al. conducted a SR in lung cancer patient. Five studies compared
Bisphosphonates (Zoledronate and Clodronate) with placebo, two studies
compared Bisphosphonates (Zoledronate and chemotherapy) with chemotherapy
alone and one study compared Bisphosphonate (Zoledronic acid and Strontium)
with placebo. Only four studies reported on this outcome. They reported a
significant delay to first SREs with Bisphosphonates (ZA) as compared to placebo
and reduced the risk of developing an SRE by 31% in one study (Table 4).
Another two studies compared ZA 4/8 mg with placebo and ZA plus Strontium with
placebo were also reported that the ZA groups significantly delayed the first SRESs.
One study did not identified any significant difference between Zoledronic acid and
chemotherapy group and chemotherapy alone group (Table 4).37level!
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Other solid tumours (OSTs)

Ford et al. reported that the median time to developing a first SRE significantly
longer in the Bisphosphonates (ZA) group than in the placebo group in OST
excluding NSCLC and OST including NSCLC (Table 4) and reduced the risk by
21% (Table 5). However, they reported Denosumab as compared to placebo
significantly delayed the time to first SREs in OST excluding NSCLC (p = 0.051)
(Table 5).

When looking at the time to first SREs by different types of SRES, in patients with
OSTs excluding NSCLC, they reported that the median time was not reached for
individual SRE except for median time to first pathological fracture, which was
longer in the Zoledronic acid group compared with the placebo group (238 days vs
161 days; p=0.031). They also reported that the time to first vertebral fracture and
time to first radiation therapy significantly longer in the Zoledronic acid group (p =
0.05)_19 level |
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Table 4. Different types of BTAs and primary tumour for outcome time to first SREs

HTA: Bone Targeting Agents (BLAs)

Study Types of BTAs Breast cancer Prostate cancer Lung cancer OST
Ford et al. (2013) Zoledronic acid Not reached vs 364 days 488 days vs 321 days NSCLC: 171 days vs 151 days Excluding NSCLC:
vs placebo (p=0.007) (16.3 months vs 10.7 (5.7 months vs 5 months) 314 days vs 168 days (p=0.051)
months) (p=0.188) (10.5 months vs 5.6 months)

Including NSCLC:
230 days vs 163 days (p=0.023)
(7.7 months vs 5.4 months)

Disodium Pamidronate
vs placebo

12.7 months (95% Cl 9.6 to 17.2)
vs 7.0 months (p< 0.001)

O'Carrigan et al.
(2017)

Bisphosphonates
vs placebo

Median ratio 1.43
(95% Cl: 1.29 to 1.58; p<0.00001)

LeVasseur et al.
(2016)

Zoledronic acid
vs placebo

Median 469 days vs 307 days;
(p=0.009)
HR: 0.69; 95% Cl: 0.42 to 0.79

Zoledronic acid 4/8 mg
vs placebo

Median 236 & 219 days vs 155
days (p=0.023)

Zoledronic acid +
Strontium vs placebo

Median 450 days (95% Cl: 420-
480 days) vs 240 days (95% ClI
213-267 days); p<0.0001

Zoledronic acid +
chemotherapy vs
chemotherapy alone

Median 216 days (95% Cl 147-
321 days) vs 180 days (95% ClI
132-255 days); p=0.84

Notes: HR; Hazard ratio, Cl; Confidence interval, vs; versus
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Table 5. Network Meta-analysis (NMA) results for three main outcomes (Ford et al. 2013, European Journal of Cancer)

Tumour types

Intervention vs comparator

O1:Time to first SREs
(Hazard Ratio)

0O2:Risk of first and subsequent SREs
(Risk Ratio)

03:Skeletal Morbidity Rate
(Rate ratio)

Direct NMA

Breast cancer

Denosumab vs Zoledronic acid
(Stopeck 2010)

Significant reduced
(HR 0.82; 95% CI1 0.71 to 0.95)

Significant reduced
(RR 0.77; 95% Cl 0.66 to 0.89)

No significant (favour Denosumab)
(RR 0.90; 95% Cl 0.67 to 1.09)

Zoledronic acid vs Pamidronate NR NR NR
(Rosen 2003a)
Pamidronate vs Placebo NR NR NR

(Lipton 2000)

Zoledronic acid vs Placebo
(Kohno 2005)

Significant reduced
(HR 0.56; 95% Cl 0.36 to 0.86)

Significant reduced
(RR 0.59; 95% CI 0.37 to 0.91)

Significant reduced
(RR 0.52; 95% Cl 0.32 to 0.70)

Prostate cancer

Denosumab vs Zoledronic acid
(Fizazi 2011)

Significant reduced
(HR 0.82; 95% CI1 0.71 to 0.95)

Significant reduced
(RR 0.82; 95% C1 0.71 to 0.94)

No significant (favour Denosumab)
(RR 0.95; 95% CI 0.46 to 1.47)

Zoledronic acid vs Placebo
(Saad 2002)

Significant reduced
(HR 0.68; 95% CI 0.50 to 0.91)

Significant reduced
(RR 0.64; 95% Cl 0.48 to 0.85)

Significant reduced
(RR 0.54; 95% C1 0.11 to 0.83)

Other Solid Denosumab vs Zoledronic acid Significant reduced No significant (favour Denosumab) NR

Tumours (Henry 2010) (HR 0.79; 95% Cl 0.62 to 0.99) (RR 0.83; 95% Cl 0.67 to 1.03)

(OSTs) Zoledronic acid vs Placebo No significant (favour Zoledronic acid) No significant (favour Zoledronic acid) NR

excluding (Rosen 2003b) (HR 0.37; 95% C1 0.14 to 1.01) (RR 0.74; 95% Cl 0.49 to 1.10)

NSCLC

Non-small cell Denosumab vs Zoledronic acid No significant (favour Denosumab) No significant (favour Denosumab) NR

lung cancer (Henry 2010) (HR 0.84; 95% Cl 0.64 to 1.10) (RR 0.87; 95% Cl 0.68 to 1.12)

(NSCLC) Zoledronic acid vs Placebo No significant (favour Zoledronic acid) No significant (favour Zoledronic acid) NR
(Rosen 2003b) (HR 0.81; 95% Cl 0.59 to 1.11) (RR0.73; 95% Cl 0.52 to 1.02)

Indirect NMA

Breast Cancer

Denosumab vs Pamidronate

Significant reduced
(HR 0.73; 95% CI 0.56 to 0.94)

Significant reduced
(RR 0.62; 95% CI 0.48 to 0.80)

No significant (favour Denosumab)
(HR 0.73; 95% Cl 0.41 to 1.06)

Denosumab vs Placebo

Significant reduced
(HR 0.46; 95% Cl1 0.29 to 0.72)

Significant reduced
(RR 0.45; 95% Cl 0.28 to 0.72)

Significant reduced
(RR 0.47; 95% Cl 0.25 to 0.67)

Prostate Cancer

Denosumab vs Placebo

Significant reduced
(HR 0.56; 95% Cl1 0.40 to 0.77)

Significant reduced
(RR 0.53; 95% Cl 0.39 to 0.72)

Significant reduced
(RR 0.52; 95% Cl 0.07 to 0.82)

OSTs excluding  Denosumab vs Placebo Significant reduced Significant reduced NR
NSCLC (HR 0.30; 95% CI 0.11 to 0.82) (RR 0.61; 95% C1 0.39 to 0.97)
NSCLC Denosumab vs Placebo No significant (favour Denosumab) Significant reduced NR

(HR 0.68; 95% Cl 0.45 to 1.03)

(RR 0.63; 95% Cl 0.42 to 0.97)

Notes: O1: outcome first; 02: outcome second; 03: outcome third; ClI: confidence interval; NR: not reported
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2. Risk of first and subsequent SREs

One HTA and two SR reported on this outcome. O’Carrigan et al. and LeVasseur
et al. did not report on this outcome.

Breast cancer

Ford et al. reported that Bisphosphonates (ZA) and Denosumab compared to
placebo significantly reduced the risk of first and subsequent SREsS in breast
cancer (Table 5).

Specifically, in breast cancer, Wang et al. reported that BTAs compared with
placebo, Denosumab was the superior in reducing risk of developing SREs (OR:
0.33, 95% CI: 0.15, 0.73), followed by Zoledronate (OR: 0.43, 95% CI: 0.26, 0.70)
and Pamidronate (OR: 0.45, 95% CI: 0.29, 0.62). However, there was no
statistically significant difference with Ibandronate (OR: 0.56, 95% CI: 0.25, 1.23).
Denosumab and Pamidronate were associated with significant reduction of both
pathologic fractures and the need for radiation compared with placebo in breast
cancer patients. The effect of Zoledronate was limited to significantly reducing the
risk of pathologic fractures in breast cancer patient. No significant reduction in the
risk of surgery or spinal cord compression was observed for BTAs as compared to
placebo.lg level |

Li et al. in a SR involving breast cancer patients reported that Bisphosphonates
compared to placebo significantly reduced the risk by 15% (Risk Ratio (RR): 0.85,
95% CI: 0.77-0.94; p = 0.001) compared to placebo. The ranking was as follows;
IV Zoledronic acid 4 mg (RR 0.59), IV pamidronate 90 mg (RR 0.77), IV
ibandronate 6 mg (RR 0.80), oral clodronate (RR 0.85) and oral ibandronate (RR
0.86).7 level Il-1

Prostate cancer

Ford et al. reported that Bisphosphonates (ZA) and Denosumab compared to
placebo significantly reduced the risk by 36% (ZA, p=0.002) and by 47%
(Denosumab) of first and subsequent SREs in patients with prostate cancer (Table
5).

Lung cancer

One study in Ford et al. reported that there was a 27% risk reduction of multiple
SREs by the use of Bisphosphonates (ZA) compared to placebo, however, the
reduction was not statistically significant (p=0.061) in patients with NSCLC (Table
5). However, when Denosumab compared to placebo, they reported Denosumab
significantly reduced the risk of first and subsequent SREs in NSCLC (Table 5).1°

level |

23



HIA: Bone Targeting Agents (BLAs)

Other solid tumours (OSTs)

Ford et al. reported a 26% reduction in the risk of developing multiple SREs for
Bisphosphonates (ZA) group compared to placebo group but the difference was
not significant (p=0.136) in patients with OSTs excluding NSCLC (Table 5).
However, they reported Denosumab as compared to placebo significantly reduced
the risk of first and subsequent SREs in OST excluding NSCLC (Table 5). While in
patients with OSTs including NSCLC, they reported that Zoledronic acid
significantly reduced the risk of multiple SREs by 27% compared with placebo
(HR: 0.732; p=0.017).19 levell

Wang et al. who conducted a SR with NMA reported that three BTAs significantly
reduced the risk of first and subsequent SREs as compared to placebo in breast
cancer, prostate cancer, NSCLC and OSTs. Denosumab was the superior in the
rank (OR: 0.49; 95% CI: 0.31, 0.75) followed by Zoledronate (OR: 0.57; 95% CI.
0.41, 0.77) and Pamidronate (OR: 0.55; 95% CI: 0.41, 0.72). However,
Ibandronate compared with placebo could not significantly reduce the risk of SREs
(OR: 0.74; 95% CI: 0.40, 1.38).

In addition to that, Wang et al. also reported the risk of developing SREs by types.
Denosumab and Zoledronate significantly reduced the risk of pathologic fractures,
while Denosumab, Pamidronate and Zoledronate significantly reduced the need
for bone radiation. However, only Pamidronate significantly reduced the risk of
bone surgery and none of the four BTAs significantly reduced the risk of spinal
cord compression (Table 6).31 level!

Table 6. BTAs versus placebo by types of SRE according to ranking in all types of cancer
Pathologic fractures Bone radiation Bone surgery Spinal cord
compression
Ibandronate- OR 0.48
(95% Cl: 0.17, 1.43)

Denosumab- OR 0.51
(95% Cl: 0.35, 0.75)

Pamidronate- OR 0.60
(95% Cl: 0.37, 0.98)

Denosumab- OR 0.50
(95% Cl: 0.32, 0.79)

Zoledronate- OR 0.61
(95% Cl: 0.43, 0.86)

Pamidronate- OR 0.67
(95% Cl: 0.52, 0.86)

Denosumab- OR 0.63
(95% Cl: 0.25, 1.50)

Denosumab- OR 0.55
(95% Cl: 0.25, 1.21)

Ibandronate- OR 0.67
(95% Cl: 0.36,1.29)

Zoledronate- OR 0.70
(95% Cl: 0.52, 0.96)

Zoledronate- OR 0.68
(95% Cl: 0.32, 1.43)

Zoledronate- OR 0.56
(95% Cl: 0.29, 1.04)

Pamidronate-OR 0.84
(95% Cl: 0.64,1.18)

Ibandronate- OR 0.81
(95% Cl: 0.48,1.30)

Ibandronate- OR 0.94
(95% Cl: 0.33, 2.61)

Pamidronate- OR 0.95
(95% Cl: 0.47, 1.91)

Notes: OR; Odds ratio, Cl; Confidence interval
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3. Number of patients with SREs
One HTA and one SR study reported on this outcome. LeVasseur et al., Wang et
al. and Li et al. did not report on this outcome.

Breast cancer

In the HTA report by Ford et al., five studies reported that Bisphosphonates (ZA)
was associated with lower number of patients with SREs as compared to placebo
in breast cancer (29.8% versus 49.6%). Also, the disodium pamidronate group
experienced a lower proportion of patients having any SREs compared with the
placebo group (51% versus 64%) at two years.® level!

In line with above study, O’Carrigan et al. also found in breast cancer patients,
nine studies of Bisphosphonates (Clodronate, Pamidronate, Ibandronate and
Zoledronate) significantly reduced the number of patients with SREs (RR: 0.86
95% CI: 0.78 to 0.95). They also divided the Bisphosphonates groups into different
types of dosage; intravenous and oral (Table 7).8 level!

Table 7. Different types of dosage form comparing Bisphosphonates with placebo

Types of IV Zoledronate IV Pamidronate IV Ibandronate
7 Overall results
Bisphosphonates vs placebo vs placebo vs placebo
:3\15 hosphonates RR: 0.83, RR: 0.59, RR: 0.78, RR: 0.80,
Vs Slaceio 95% Cl: 0.73t0 0.95 | 95% Cl: 0.43 to 95% Cl: 0.69 to 0.88 | 95% Cl: 0.67 to 0.96
(6 studies) (p=0.006) 0.82 (p=0.002) (p<0.001) (p=0.01)
Oral Clodronate Oral Pamidronate | Oral Ibandronate
Overall results
vs placebo vs placebo vs placebo
Oral
Bisphosphonates | RR: 0.84, RR: 0.82, RR: 0.86, RR: 0.86,
vs placebo 95% Cl: 0.76 t0 0.93 | 95% Cl: 0.71 to 95% Cl: 0.70 to 1.05 | 95% Cl: 0.73 to 1.02
(5 studies) (p=0.007) 0.96 (p=0.01) (p=0.14) (p=0.09)

Notes: RR; Risk ratio, Cl; Confidence interval

Prostate cancer

Ford et al. reported a statistically significant fewer patient with SREs in the
Bisphosphonates (ZA) as compared to placebo (33.2%, n=71/214 versus 44.2%,
n=92/208; p=0.021). By looking at different types of SRES, the results showed that
there was a significant difference in pathological fractures at 15 months of follow-
up in Zoledronic acid group compared to placebo group (13.1%, n=28/214 versus
22.1%, n=46/208; p=0.021). The rest of SREs were similar among both groups
(radiation therapy to bone: 22.9% versus 29.3%; p=0.136, surgery to bone: 2.3%
versus 3.4%; p=0.514, SCC: 4.2% versus 6.7%); p=0.256; respectively).19 levell
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Lung cancer

One study in HTA report by Ford et al. reported that when Bisphosphonates (ZA)
compared to placebo, there was no different between the two groups in patients
with NSCLC (42% versus 45%). There was also no significant difference when
Denosumab compared to placebo in NSCLC (RR: 0.83; 95% CI: 0.02 to 30.6).%°

level |

Other solid tumours (OSTs)

A study in the HTA by Ford et al. reported that Bisphosphonates (ZA) when
compared to placebo, there was no different between the two groups in patients
with OSTs excluding NSCLC (33% versus 43%; p=0.11) and OSTs including
NSCLC (38% versus 44%; p=0.127). Similarly, there was also no significant
difference when Denosumab compared to placebo in patients with OSTs excluding
NSCLC (OR: 0.44; 95% CI: 0.01 to 17.13) and patients with OSTs including
NSCLC (OR: 0.58; 95% Cl: 0.02 to 19.48).19levell

4. Number of events per year

One SR study reported this outcome. Ford et al., O’'Carrigan et al., Wang et al.
and Li et al. did not report this outcome. Only lung cancer data was available, the
rest of other cancer types were not available.

Lung cancer

LeVasseur et al. reported that three studies involving metastatic lung cancer
patients showed Bisphosphonates (ZA) reduced the number of SREs annually
compared with placebo (39% in 4 mg arm versus 50%; p=0.029, 35% in 8/4 mg
arm versus 44%; p=0.023, 24.4% in 4 mg arm versus 91.1%; p=0.00,
respectively). However, one study did not found any statistically significant
difference between combination of Zoledronic acid and chemotherapy versus
chemotherapy alone (value not reported).37 'evel!

5. Skeletal morbidity rate (SMR)
One HTA reported on this outcome.

Breast cancer
Ford et al. reported that SREs occurred less frequently in Bisphosphonates group
(ZA and Pamidronate) as compared to placebo (ZA versus placebo: 0.63 versus
1.1 events per year, Disodium Pamidronate versus placebo: 2.4 versus 3.7 events
per year)_19 level |

Prostate cancer

Ford et al. reported that the mean SMR was lower in prostate cancer patients who
received Zoledronic acid than for those who received placebo for all SREs
combined (0.80 versus 1.49) and for each individual type of SRE (pathological
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fractures: 0.21 versus 0.45; radiation therapy to bone: 0.44 versus 0.88; surgery to
bone: 0.03 versus 0.06; SCC: 0.14 versus 0.23; respectively) and significantly
reduced in Zoledronic acid group as compared to placebo group (Table 5).1°evell

Lung cancer
Neither study reported on this outcome for lung cancer patients.

Other solid tumours (OSTs)

Neither study reported on this outcome for patients with OSTs excluding NSCLC.
While in patients with OSTs including NSCLC, a study in a HTA reported by Ford
et al. found a slightly lower number of events per year for Zoledronic acid than for
placebo, however, the difference was non-significant (SMR 2.24, SD 9.12 vs 2.52,
SD 5.11; p=0.069).19 level

6. Overall survival
One HTA and three SR studies reported on this outcome. Wang et al. did not
report on this outcome.

Breast cancer

Ford et al. reported overall median survival was slightly longer in the Disodium
Pamidronate group (19.8 months) as compared to the placebo group (17.8
months) although the difference was not statistically significant (p=0.976).19 level |
Treatment with Bisphosphonates (Clodronate, Pamidronate, Ibandronate and
Zoledronate) did not appear to affect overall survival when compared to placebo in
O’Carrigan et al. (RR: 1.01, 95% CI: 0.91 to 1.11; p=0.85).8 'evel! Another study by
Li et al. also found that Bisphosphonates did not affect survival in breast cancer
patient (RR: 1.01, 95% CI: 0.92 to 1.11).7level -1

Prostate cancer
Ford et al. reported median survival was 546 days (around 18.2 months) for the
Zoledronic acid group and 464 days (around 15.5 months) for the placebo group
(p - 0_091)_19 level |

Lung cancer

LeVasseur et al. found no statistically significant difference when comparing
Bisphosphonates groups with placebo (oral Clodronate: 240 days versus placebo:
240 days; Zoledronic acid: 187 days versus placebo: 157 days; Zoledronic acid
plus chemotherapy: 312 days, 95% CI: 210 to 474 versus chemotherapy: 291
days, 95% CI: 183 to 375; p=0.62). However, they reported a significant difference
in Zoledronic acid versus chemotherapy alone (ZA: 578 days, 95% CI: 454 to
701.8 versus chemotherapy: 384 days, 95% CI: 368 to 399.6; p<0.001) and
combination of Zoledronic acid with Strontium versus placebo (ZA plus Strontium:
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510 days, 95% CI: 480 to 543 versus placebo: 360 days, 95% CI. 324 to 396;
p=0.00).37 levell No data was reported by Ford et al. in patients with NSCLC.

OST

Ford et al. reported that Bisphosphonates (ZA) was similar in time to median death
when compared with placebo (203 days versus 183 days; p=0.623) for those with
OSTs including NSCLC.?® 'evel I No data was reported for patients with OSTs
excluding NSCLC.

7. Disease Progression

One SR study reported on this outcome. Ford et al., O’Carrigan et al., Wang et al.
and Li et al. did not report on this outcome. Only lung cancer data was available,
the rest of other cancer types were not available.

Lung cancer

The result reported by LeVasseur et al. showed that there was a statistically
significant difference in time to progression of bone lesions between Zoledronic
acid and placebo (238 days versus 109 days) and time to progression of disease
between combination of Zoledronic acid and chemotherapy versus chemotherapy
alone (265 days, 95% CI: 240.5 to 289 versus 150 days, 95% CI: 56 to 244; p<
0.001). No significant difference in progression-free survival between Zoledronic
acid and placebo (Median 89 days versus 84 days) and combination Zoledronic
acid with chemotherapy versus chemotherapy alone (Median 81 days; 95% CI: 45
to 105 versus 78 days; 95% CI 30 to 102).37 level |

8. Pain

One HTA and two SR studies reported on this outcome. LeVasseur et al. and
Wang et al. did not report on this outcome. In addition, there was one additional
study reported only on this outcome (von Moos et al.).

Breast cancer

Ford et al. reported mean pain score decreased significantly in the Disodium
Pamidronate group (—0.07; SD 3.07) compared with the placebo group (1.14; SD
3.42) over the 24 months (p = 0.015). Bone pain was evaluated using a scoring
system that quantified both severity and frequency of bone pain. The bone pain
score was determined by multiplying the bone pain severity score by the bone pain
frequency score. At the last visit mean pain score was increased in both groups,
but significantly lower in the Disodium Pamidronate group compared with the
placebo group (p < 0.001).1° levell

In Li et al., one study reported that there was a significant pain relief among
patients who received Bisphosphonate therapy compared to patients who received
placebo (OR: 1.83, 95% CI: 1.11 to 3.04). In the subgroup analysis of the three
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Bisphosphonates, the response was significant for oral Clodronate (OR 3.26, 95%
Cl 1.80-5.09), but not for IV Pamidronate (OR 2.35, 95% CI 0.77-7.15) and the
trend was unfavorable for Etidronate (OR 0.28, 95% CI 0.01-7.67). However, two
RCTs showed that Pamidronate significantly reduced the pain score (-0.07,
p=0.015) and the analgesia score (-0.06, p=0.001) compared to placebo at 24
months of follow-up.” '¢ve! "1 Q’Carrigan et al. reported that six studies from the
Bisphosphonates group (Pamidronate, lbandronate and Clodronate) showed
significant reduction in bone pain (p< 0.05) as compared to placebo. However, five
studies showed no significant difference (no value were reported).8 leve!!

One cross-sectional survey conducted by von Moos et al. in 2018 using the Brief
Pain Inventory (BPI) revealed that patients who were receiving a BTA
(Denosumab or Zoledronic acid) reported significantly lower average pain severity
scores (2.7, 95% CI: 2.49-2.91 versus 3.5, 95% CI: 2.93-4.07; p=0.004) and
interference scores (3.2, 95% CI: 2.96-3.44 versus 3.8, 95% CI: 3.16-4.44;
p=0.036) than those who did not receive a BTA 50 level -3

Prostate cancer

A study in the HTA report by Ford et al. used the Brief Pain Inventory (BPI)
instrument, with the pain score a composite of four pain scores (worst pain, least
pain, average pain of the last seven days, and pain right now), and was the
primary efficacy variable for the quality-of-life assessments. They found that fewer
patients in the Zoledronic acid group experienced bone pain than in the placebo
group (51%, n=108/214 versus 61%, n=127/208; respectively).19levell

Lung cancer
Neither study reported on this outcome for lung cancer patients.

Other solid tumours (OSTs)

One study in Ford et al. reported for patients with OSTs including NSCLC that
compared Zoledronic acid with placebo, showed an increase in pain score from
baseline to month 9 for mean BPI composite pain score and mean analgesic score
in both groups, suggesting increased pain and use of analgesics. This study
further reported that the mean composite pain score was decreased from baseline
to month 9 for Zoledronic acid for those who had pain at baseline; however, no
data were reported.19 levell

9. Quality of life

One HTA and one SR study reported on this outcome. LeVasseur et al., Wang et
al. and Li et al. did not report on this outcome.
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Breast cancer

In the HTA report by Ford et al., one study related to the Bisphosphonates group
(Disodium Pamidronate) compared with placebo, reported a mean change in the
guality-of-life scores from baseline to 24 months and to the last visit. Quality of life
was evaluated using the Spitzer quality-of-life index. From baseline to the last visit
the quality of life worsened in both the Disodium Pamidronate group and the
placebo group (-1.80, SD: 2.81 versus —2.13, SD: 2.63; p=0.088).1° levell

Three studies in O’Carrigan et al. used Spitzer Quality-of-Life Index scores and
EORTCQuality of Life Scale -Core 30 questionnaire (QLQ-C30) to evaluate QoL.
They reported the Bisphosphonates group (Pamidronate and Ibandronate) showed
a moderate quality evidence, however, the QoL scores decreased during the study
(Pamidronate: p=0.057), though significantly less with Ibandronate than with
placebo (-8.3, 95% ClI: -20.6 to 4.1 versus -26.8, 95% CI: -39.4 to 14.3; p=0.03).2

level |

Prostate cancer

In HTA report by Ford et al., one study found that the total FACT-G score and EQ-
5D scores decreased from baseline to the last measurement, with no statistically
significant differences between the Zoledronic acid and placebo groups (value was
not reported).19level!

Lung cancer
Neither study reported on this outcome for lung cancer patients.

Other solid tumours (OSTs)

One study in Ford et al. for patients with OSTs including NSCLC stated that there
were no statistically significant differences between Zoledronic acid and placebo
with respect to any of these global quality-of-life outcomes and that changes in
FACT-G scores were also comparable between treatment groups; however, no
data were reported.

Effectiveness of Bisphosphonates versus alternate Bisphosphonates

One HTA and four SR reported these interventions which included 14 studies; one
study in Ford et al., three studies in O’Carrigan et al. (one study was the same
study in Ford et al. compared Zoledronic acid with Disodium Pamidronate), five
studies in LeVasseur et al., three in Wang et al. and two studies in Li et al. (one
study was the same in Ford et al. compared Zoledronic acid with Disodium
Pamidronate). All results reported in Wang et al. were derived from indirect NMA
that involved studies with patients’ naive BTAs treatment (upfront study).

One study in Ford et al. compared Zoledronic acid with Disodium Pamidronate.
Two studies in O’Carrigan et al. compared oral Clodronate with IV Pamidronate
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and oral Ibandronate with IV Zoledronate. Five studies in LeVasseur compared
Zoledronate with Ibandronate (three studies), IV Ibandronate with oral Ibandronate
and Clodronate with Pamidronate. Three studies in Wang et al. compared
Zoledronate with Pamidronate (two studies) and Zoledronate with Ibandronate.
One study in Li et al. compared Zoledronic acid with oral Ibandronate.

1. Time to first SRE

Out of one HTA and four SR, only three studies reported on this outcome.
O’Carrigan et al. and Wang et al. did not report on this outcome. Result in Li et al.
was the same with study in Ford et al. for Zoledronic acid group compared with
Disodium Pamidronate group.

Breast cancer

One study in Ford et al. compared Zoledronic acid with Disodium Pamidronate.
The result showed that Zoledronic acid significantly prolonged median time to first
SREs compared with the Disodium Pamidronate (310 days versus 174 days;
p=0.013) within the lytic metastases subgroup in the study.19 levell

Prostate cancer
Neither study reported on this outcome for prostate cancer patients.

Lung cancer

One study in SR report by LeVasseur et al. reported that there was a statistically
significant difference in median time to first SRE in patients who received
Zoledronic acid compared with patients who received oral Ibandronate (306 days,
range: 138-429 days versus 282 days, range: 171-483; p=0.034).37 levell

Other solid tumours (OSTs)
Neither study reported on this outcome for OSTs patients.

2. Risk of first and subsequent SREs

One HTA and two SR studies reported on this outcome. O’Carrigan et al. and
LeVasseur et al. did not report on this outcome. Result in Li et al. was the same
with study in Ford et al. for Zoledronic acid group compared with Disodium
Pamidronate group.

Breast cancer

One study in HTA report by Ford et al. compared Zoledronic acid with Disodium
Pamidronate. The result showed that Zoledronic acid significantly reduced the risk
of developing first and subsequent SREs by 20% compared with the Disodium
Pamidronate (HR: 0.80; p=0.037) at 13 months of follow-up. From NMA results
conducted by Wang et al., they found no significant difference in any SREs,
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pathologic fractures and bone radiation in patients with breast cancer when
different types of Bisphosphonates were compared (Table 8).1° level!

Table 8. NMA results when Bisphosphonates compared with alternate Bisphosphonates

Intervention Any SREs Pathologic fractures Bone radiation

Zoledronate vs OR 1.04 (95% CI: 0.75, 1.44) | OR 0.72 (95% CI: 0.46, 1.09) | OR 1.04 (95% CI: 0.70, 1.54)
Pamidronate

Zoledronate vs OR 0.77 (95% Cl: 0.46, 1.28) | OR 0.91 (95% Cl: 0.54, 1.55) | OR 0.87 (95% Cl: 0.58, 1.31)
Ibandronate
Ibandronate vs OR 1.35 (95% CI: 0.74, 2.54) | OR 0.79 (95% Cl: 0.39, 1.57) | OR 1.21 (95% ClI: 0.69, 2.13)

Pamidronate

Pamidronate vs OR 0.94 (95% CI: 0.72, 1.23) | OR 1.02 (95% Cl: 0.45, 2.31) | OR 0.94 (95% Cl: 0.72, 1.23)
Zoledronate

Notes: OR; odds ratio, CI; confidence interval

Prostate cancer, lung cancer and other solid tumours (OSTSs)

From NMA conducted by Wang et al., they found no significant difference in any
SREs, pathologic fractures and bone radiation in patients with prostate cancer,
NSCLC and OSTs when different types of Bisphosphonates were compared with
alternate Bisphosphonates (Table 8).31evel!

3. Number of patients with SREs
One HTA and one SR study reported on this outcome. LeVasseur et al., Wang et
al. and Li et al. did not report on this outcome.

Breast cancer

In HTA report by Ford et al., one study reported that proportion of patients with any
SRE was similar between Zoledronic acid group and Disodium Pamidronate group
(46% versus 49%; p=not reported).19 level!

By looking at the different types of SREs, one study in O’Carrigan et al. reported
that a trend of increasing pathologic fractures with oral Clodronate (18%; 19 out of
107 women) compared to IV Clodronate (14%; 8 out of 105 women) or IV
Pamidronate (7%; 8 out of 109 women).8level!

Prostate cancer, lung cancer and other solid tumours (OSTs)

Neither study reported on this outcome for prostate cancer, lung cancer and OSTs
patients.
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4. Number of events per year
One HTA and two SR studies reported on this outcome. O’Carrigan et al. and
Wang et al. did not report on this outcome.

Breast cancer

One study in HTA report by Ford et al. found that annual rates of SREs were 0.499
(95% CI 0.454 to 0.549) with oral Ibandronate and 0.435 (95%CI 0.393 to 0.480)
with Zoledronate. The rate ratio for SREs was not statistically siginificant (1.148,
95% CI: 0.967 to 1.362). For study that compared Zoledronic acid with Disodium
Pamidronate, for subgroup lytic metastases, the result showed a significant
reduction in the SRE rate of 30% by Zoledronic acid (p=0.010).1°level!

Another study in Li et al. reported that when Zoledronic acid compared to oral
Ibandronate, it was shown that oral Ibandronate was inferior to Zoledronic acid in
terms of SRE rate (0.543 versus 0.444, HR: 1.22, 95% CI: 1.04 to 1.45; p=0.017).’

level 11-1

Prostate cancer
Neither study reported on this outcome for prostate cancer patients.

Lung cancer

One study in LeVasseur et al. showed that there was a difference with SRE rate of
19.2% with Zoledronic acid group and 25.9% (p=0.034) with oral Ibandronate
group in 14.5 months’ follow-up (HR: 0.74, 95% CI. 0.27 to 2.00). However,
another two studies in LeVasseur et al. found that there was no difference
between Zoledronic acid and IV Ibandronate with regard to annual incidence (34%
versus 37%; p=0.2 and 33% versus 39%; p=0.2).37 levell

Other solid tumours (OSTs)
Neither study reported on this outcome for OSTs patients.

5. Skeletal morbidity rate (SMR)

One HTA and one SR study reported on this outcome. O’Carrigan et al.,
LeVasseur et al. and Wang et al. did not report on this outcome. Result in Li et al.
was the same with study in Ford et al. for Zoledronic acid group compared with
Disodium Pamidronate group.

Breast cancer

One study in HTA report by Ford et al. found that the SMR rate was lower for
Zoledronic acid compared with Disodium Pamidronate but the difference was not
statistically significant (0.9 events per year versus 1.49 events per year; p=0.125).
When looking into the lytic metastases subgroup in the study, they reported a
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significant reduction in skeletal morbidity rate (1.2 versus 2.4 events; p=0.008).1°
level |

Prostate cancer, lung cancer and other solid tumours (OSTSs)
Neither study reported on this outcome for prostate cancer, lung cancer and OSTs
patients.

6. Overall survival
One SR study reported on this outcome. Ford et al., O’Carrigan et al., LeVasseur
et al. and Wang et al. did not report on this outcome.

Breast cancer

In the SR by O’Carrigan et al. one study that compared oral Ibandronate with IV
Zoledronate, observed no significant difference in survival between the two groups
(HR: 1.086, 95% CI: 0.948 to 1.245; p=0.24).8levell

Prostate cancer, lung cancer and other solid tumours (OSTs)
Neither study reported on this outcome for prostate cancer, lung cancer and OSTs
patients.

7. Disease Progression
Neither study reported on this outcome for all types of cancer.

8. Pain
One SR study reported on this outcome. Ford et al., O’Carrigan et al., LeVasseur
et al. and Wang et al. did not report on this outcome.

Breast cancer

In the SR by O’Carrigan et al., there were two studies which reported on this
outcome. One study found no significant difference in pain scores between the IV
Pamidronate group and IV or oral Clodronate (no value was reported). Another
study reported there was also no difference in bone pain between Zoledronate and
oral Ibandronate (no value was reported).8evel!

Prostate cancer, lung cancer and other solid tumours (OSTs)

Neither study reported on this outcome for prostate cancer, lung cancer and OSTs
patients.
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9. Quality of life (QoL)
One SR study reported on this outcome. Ford et al., O’Carrigan et al., Wang et al.
and Li et al. did not report on this outcome.

Breast cancer
Neither study reported on this outcome for breast cancer patients.

Prostate cancer
Neither study reported on this outcome for prostate cancer patients.

Lung cancer

One study in the SR by LeVasseur et al. reported an increase in mean total
physical score in both the IV and oral Ibandronate groups (from 16 in each group
to scores of 22.4 versus 22.5, respectively) at three months. The physical score
was determined based on the functional assessment of cancer therapy-general
scale (FACT-G; total physical and total function well-being scales), with a higher
score indicating improved QoL. However, the difference was not statistically
significant.37 level!

Other solid tumours (OSTs)
Neither study reported on this outcome for OSTs patients.

Effectiveness of Denosumab versus Bisphosphonates

One HTA and three SR studies reported these interventions which include 12
studies; four studies in Ford et al., three studies in O’Carrigan et al., two studies in
LeVasseur et al. and three in Wang et al. No study in Li et al. reported on this
intervention.

All studies in one HTA and three SR were from the same authors that compared
Denosumab with Zoledronic acid, therefore pooling data for several studies was
possible only for several similar outcomes, which have complete essential data
reported. Data that were not similar will be reported in each outcome according to
the types of cancer.

There were six studies; Lipton et al. 2016 involving breast cancer, prostate cancer
and OSTs, Scagliotti et al. 2012 involving lung cancer, Martin et al. 2012 involving
breast cancer, Fizazi et al. 2011 involving prostate cancer, Henry et al. 2011
involving NSCLC and OSTs and Stopeck et al. 2010 involving breast cancer.

1. Time to first SREs

Five out of six studies reported on this outcome. Scagliotti et al. did not report on
this outcome. One study by Henry et al. (2011) reported two different results
involving patients with OST and NSCLC. Pooled data from four studies showed
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that Denosumab significantly delayed the time to first SREs by 18% as compared
to Zoledronic acid (Figure 6). The results are presented as follows:

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95%Cl IV, Fixed, 95% Cl
Henry 2011 Q8T 02357 01195 7% 079(063,1.00)
Stopeck 2010 BC 01485 0073 180% 0.82[071,0489 I
Fizazi 2011 PC 01485 0073 180% 0.82[071,0489 I
Lipton 2016 BC PC 08T 01485 00455 4845% 0.82[0.75, 080 —i—
Henry 2011 NECLE 01744 01387 A% 0.84 [064,1.10)
Total (95% Cl) 100.0% 0.82[0.77,0.87] L
Heterogeneity: Chif=013, df=4 (F=1.00); F=0% D!? EI.'ES 1f2 1!5

Testfor overall effect 2= 6.24 (P < 0.00007) Favours Denosumab  Favours Zoledronic Acid

Notes: OST: other solid tumours; BC: breast cancer; PC: prostate cancer; NSCLC: non-small cell lung cancer
Figure 6. Denosumab versus Zoledronic acid (for all types of cancer); Outcome: Time to first
SREs

Breast cancer
Only Lipton et al., Martin et al. and Stopeck et al. reported on this outcome
involving breast cancer patients.

In Lipton et al. they found that treatment with Denosumab significantly reduced the
risk of first on-study SRE compared with Zoledronic acid in breast cancer by 18%
(Figure 6). Median time to first on-study SRE was longer with Denosumab
compared with Zoledronic acid across all types of cancer (27.7 versus 19.4
months).38 levell This study was inline with Stopeck et al. that reported Denosumab
delayed by 18% compared to Zoledronic acid (Figure 6). In extended four months
of follow-up, they found that the median time to first on-study SRE was 27.4
months for Zoledronic acid and 32.4 months for Denosumab.*3'eve!!

Martin et al. reported that Denosumab was superior to Zoledronic acid in
prolonging the time to first on-study SRE and reducing the risk of first SREs by
48%. Fewer first SREs occurred in patients who received Denosumab than in
patients who received Zoledronic acid (315 first SREs in 1,065 patient-years
versus 372 first SREs in 1,040 patient-years; respectively). Number need to treat
for Denosumab compared with Zoledronic acid was 16 patient-years.*0evell

Prostate cancer
Only Lipton et al. and Fizazi et al. reported on this outcome involving prostate
cancer patients.

In Lipton et al. they found that treatment with Denosumab significantly reduced the
risk of first on-study SRE compared with Zoledronic acid in prostate cancer by
18% (Figure 6). 38 level!
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Fizazi et al. reported that median time to first SREs was 20.7 (95% CI: 18-8, 24-9)
months for Denosumab compared with 17.1 months for Zoledronic acid (95% CI:
15.0, 19-4). Denosumab delayed by 18% compared to Zoledronic acid (Figure 6).
First SREs less in Denosumab compared to Zoledronic acid (n=341 versus 386).

level |

Lung cancer
Only Henry et al. reported on this outcome involving lung cancer patients. While
Scagliotti et al. did not provide data on time to first SRESs.

Henry et al. reported that Denosumab was non-inferior to Zoledronic acid in
delaying time, representing 16% reduction in hazard (p=0.20) (Figure 6). Median
time was longer for Denosumab group as compared to Zoledronic acid group (20.6
months versus 16.3 months).*2'evell

Other solid tumours (OSTs)
Only Lipton et al. and Henry et al. reported on this outcome involving OSTs
patients.

In Lipton et al. they found that treatment with Denosumab significantly reduced the
risk of first on-study SRE compared with Zoledronic acid in OSTs subgroups by
18% (Figure 6). 38levell

Henry et al reported that Denosumab was non-inferior to ZA in delaying time,
representing 21% reduction in hazard (p=0.04) (Figure 6). Median time to first
SREs was longer for Denosumab as compared to Zoledronic acid (20.6 months
versus 16.3 months; respectively).42level!

2. Risk of first and subsequent SREs

Five out of six studies reported on this outcome. Scagliotti et al. did not report on
this outcome. Pooled data from four studies showed that Denosumab significantly
reduced the risk of first and subsequent SREs by 17% as compared to Zoledronic
acid (Figure 7). The results are presented as follows:
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Rate Ratio Rate Ratio
Study or Subgroup lop[Rate Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Fizazi 2011 PC -01988 0078 198% 082[0.71,094) —
Henry 2011 MECLT 01054 00776 144% 090[0.77, 1.08) — 1
Henry 2011 08T -01054 00776 144% 0.80[0.77, 1.08) — 1
Lipton 2018 BC PC OST 02107 00481 412% 0.81[0.74,0.85) ——
Stopeck 2010 BC -0.2614 00786 142% 077[066,0090) ——————
Total (95% Cl) 100.0% 0.83[0.78, 0.88] -l
Heterogeneity, Chi*=3.39, df=4 (P =0.49); F= 0% IZIT.'f‘ IJ.'E:S 1:2 1:5

Testfor overall effect 2= 627 (P < 0.00001) Favours Denosumab Favours Zoledronic acid

Notes: PC: prostate cancer; NSCLC: non-small cell lung cancer; OST: other solid tumours; BC: breast cancer
Figure 7. Denosumab versus Zoledronic acid (for all types of cancer); Outcome: Risk of first
and subsequent SREs

Breast cancer
Only Lipton et al.,, Martin et al. and Stopeck et al. reported on this outcome
involving breast cancer patients.

In Lipton et al. they found that treatment with Denosumab significantly reduced the
risk of first and subsequent on-study SREs by 19% compared with Zoledronic acid
in breast cancer (Figure 7), with the exception of the appendicular skeleton
subgroup (the smallest subgroup assessed), which failed to meet nominal
statistical significance (p=0.072) despite having a point estimate that was similar to
the other metastasis locations.38'eve!!

Martin et al. reported that Denosumab was also superior to Zoledronic acid in
preventing first-and-subsequent on-study SREs. Over the 1,353 patient-years
observed in both treatment groups, 660 SREs occurred in the Denosumab group
and 853 SREs in the Zoledronic acid group, yielding a number need to treat of 7
for Denosumab to prevent one first or subsequent SRE compared with Zoledronic
acid.4° level |

Stopeck et al. reported that Denosumab reduced the risk of developing multiple
SREs by 23% (p=0 .001) compared to Zoledronic acid (Figure 7).43 level|

Prostate cancer
Only Lipton et al. and Fizazi et al. reported on this outcome involving prostate
cancer patients.

In Lipton et al. they found that treatment with Denosumab significantly reduced the
risk of first and subsequent on-study SREs by 19% compared with Zoledronic acid
in prostate cancer (Figure 7), with the exception of the appendicular skeleton
subgroup (the smallest subgroup assessed), which failed to meet nominal
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statistical significance (p=0.072) despite having a point estimate that was similar to
the other metastasis locations.38evel

Fizazi et al. reported that Denosumab reduced the risk of developing multiple
SREs by 18% compared to ZA (n=494 versus 584; p=0.008) (Figure 8).4%'evell

Lung cancer
Only Henry et al. reported on this outcome involving lung cancer patients. While
Scagliotti et al. did not provide data on time to first SREs.

Henry et al. reported that Denosumab reduced the risk of developing multiple
SREs by 10% compared to ZA (n=392 versus 436; p=0.14) (Figure 7).42levell

Other solid tumours (OSTs)
Only Lipton et al. and Henry et al. reported on this outcome involving OSTs
patients.

In Lipton et al. they found that treatment with Denosumab significantly reduced the
risk of first and subsequent on-study SREs by 19% compared with Zoledronic acid
in OSTs subgroup (Figure 7), with the exception of the appendicular skeleton
subgroup (the smallest subgroup assessed), which failed to meet nominal
statistical significance (p=0.072) despite having a point estimate that was similar to
the other metastasis locations.38'eve!!

Henry et al. reported that Denosumab reduced the risk of developing multiple
SREs by 10% compared to ZA. However this difference is not statistically
significant (n=392 versus 436; p=0.14) (Figure 7).42 level!

3. Number of patients with SREs

Only two out of six studies reported on this outcome. Lipton et al., Scagliotti et al.
Henry et al. and Stopeck et al. did not report on this outcome. Pooled data from
two studies showed that fewer number of patients with overall SREs in
Denosumab group as compared to Zoledronic acid group (Figure 8). The results
are presented as follows:

Breast cancer

Only Martin et al. reported on this outcome involving breast cancer patients. Fewer
patients in the Denosumab group than in the Zoledronic acid group experienced
an SRE (31%, 318 versus 36%, 367; p=0.006), and with multiple SREs (33%, 104)
versus 38%, 141; p=0.016). In the subgroup of patients with a history of prior SRE
at study entry, fewer patients in the Denosumab group than in the Zoledronic acid
group experienced one or more subsequent SREs while on study (36% versus
44%; p=0.021). Similarly, among patients who had no history of SREs at study
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entry, 28% of patients in the Denosumab group and 32% in the Zoledronic acid

group experienced their first SRE (p=0.085).40 level!

By looking at the types of SREs, Denosumab prolonged the time to radiation
therapy to bone by 26% (p=0.012) compared with Zoledronic acid. Fewer patients
in the Denosumab group had pathologic fractures compared to Zoledronic acid
group (21%, n=216 versus 23%, n=235). First SREs of surgery to bone and spinal
cord compression were similar reported in approximately 1% (n=10) of patients in

each treatment group.4C'evel!

Denosumab  Zoledronic Acid
Study or Subgroup  Events Total Events

Risk Ratio

Total Weight [V, Fixed, 95% CI

Risk Ratio
IV, Fixed, 95% CI

3.3.1 Overall SREs

Fizazi 2011 PC N 950 386 951
Marin 2012 BC M8 1026 367 1020
Subtotal {95% CI) 1976 1971
Total events G54 743

Heterogeneity: Chi*=0.08, df=1 (P=078); F=0%
Testfor overall effect; £= 3,16 (P = 0.002)

3.3.2 Radiation therapy to bone

Fizazi 2011 PC 177 950 203 951
Martin 2012 BC 123 1026 162 1020
Subtotal {95% CI) 1976 1971
Total events 300 365

Heterogeneity, Chi*=1.01,df=1{P=031);F=1%
Testfor overall effect: 7= 2.75 (P = 0.008)

3.3.3 Surgery to bone

Fizazi 2011 PC 1 950 4 951
Martin 2012 BC 10 1026 10 1020
Subtotal {95% CI) 1976 1971
Total events 11 14

Heterogeneity, Chi*=1.32 df=1 (P=0.29), F= 4%
Testfor averall effect: Z=0.47 (P =064

3.3.4 Spinal cord compression

Fizazi 2011 PC 26 980 36 451
Marin 2012 BC 10 1026 10 1020
Subtotal {95% CI) 1976 1971
Total events 36 46

Heterogeneity, Chi*= 038, df=1 (P=0.43), F=0%
Test for overall effect: Z=1.12 (P =0.26)

3.3.5 Pathologic fractures

Fizazi 2011 PC 137 950 143 951
Marin 2012 BC M6 1026 235 1020
Subtotal {95% CI) 1976 1971
Total events 353 ara

Heterogeneity, Chis= 012, df=1 (P=073, F=0%
Testfor overall effect, Z=1.08 (P =027}

Total {95% CI) 9880

Total events 13459 1556
Heterogeneity: Chi*= 481 df=8 (P=08%) F=0%
Testfor overall effect; £=4.28 (P = 0.00013

28.3% 088([0.79,0499]
25.6% 0.86(0.76,0.97]
54.8% 0.87 [0.80, 0.95]

11.8% 0,87 [0.73,1.08]
8% 0.75 [0.61,0.94]
19.9% 0.82 [0.72, 0.95]

01% 0250003 223 *

0.5% 0.99[0.42 239
0.6% 0.82[0.37,1.85]

1.6% 072[0.44,1.19]

0.5% 0.99[0.42 239
2.1% 0.78 [0.51,1.20]

8.2% 0896077, 1.19]
14.4% 0.91[0.78,1.08]
22.6% 0.93[0.82, 1.06]

9855 100.0% 0.87[0.82,0.93]

Testfor subgroup differences: Chif=1.88, df= 4 (F=076), F= 0%

Notes: PC: prostate cancer; BC: breast cancer

—
—

<>

*

0.5 07 15 2
Favours Denosumab  Favours Zoledronic Acid

Figure 8. Denosumab versus Zoledronic acid (for breast cancer and prostate cancer);

Outcome: Number of patients with SREs
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Prostate cancer

Only Fizazi et al. reported on this outcome involving prostate cancer patients.
Fewer patients in the Denosumab group than in the Zoledronic acid group
experienced an SRE (36%, 341 versus 41%, 386), in radiation therapy to bone,
surgery to bone, spinal cord compression and pathologic fractures. However, the
difference was not significant in all results (Figure 8).41 'evel!

4. Number of events per year
Neither study reported on this outcome.

5. Skeletal morbidity rate (SMR)
Only one out of six studies reported on this outcome. Lipton et al., Scagliotti et al.
Martin et al., Fizazi et al. and Henry et al. did not report on this outcome.

Breast cancer
Only Stopeck et al. reported on this outcome involving breast cancer patients.
Skeletal morbidity rate was defined as ratio of the number of SREs per patient
divided by the patient’s time at risk. Denosumab reduced SMR by 22% compared
to Zoledronic acid (0.45 events versus 0.58 events per patient per year;
p:0.004).43 level |

6. Overall survival

Four out of six studies reported on this outcome. Lipton et al. and Martin et al. did
not report on this outcome. Pooled data from four studies showed that the overall
survival was similar between Denosumab and Zoledronic acid (Figure 9). The
results are presented as follows:

Breast cancer

Only Stopeck et al. reported on this outcome involving breast cancer patients.
There was no significant difference in the overall survival between Denosumab
and Zoledronic acid (p=0.49) (Figure 9).43levell

Prostate cancer

Only Fizazi et al. reported on this outcome involving prostate cancer patients.
There was no significant difference in the overall survival between Denosumab
and Zoledronic acid (p=0.65) (Figure 9).41 levell
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Denosamab Zoledronic Acid Hazard Ratio Hazard Ratio
Study or Subgroup lop[Kazard Ratio]  SE Total Total Weight IV, Fixed, 95% (I IV, Fixed, 95% C1
Fazag 1011 PC 0.0206 00632 0 051 332% 1030081117 |
Henry 2011 NSCLC -0.2357 0.0%7 30 352 136% D79[0€5,096 = ESS
Henry 2011 ST 0077 0083 449 855 153% 106080, 1.30 Y [
Sealiofh 2012 NSCLC 02485 0083 30 352 153% D76[0€5,094 P S
Sealiofi 2012 3CLC 02107 0.23%1 81 48 26% 081[052,1.28
Sopeck 2010 BC -0.0513 0.0813 1026 1020 00% D95[081,1.1] i
Todal {95% Cl) 3186 3178 100.0% 0.94[087,1.01] e

Heterogerey Ch=11.90, 0f=5{P= 0.04) F=58% ;.,5 s | 5
Testfor overall effect 2= 1.76(P=0.09) ot e x

i ;
Coun cancimat Eravvire Talednees Anid
SVOUTS LUen0sumad  Favours L0Iecronic ACIC

Notes: PC: prostate cancer; NSCLC: non-small cell lung cancer; OST: other solid tumour; BC: breast cancer
Figure 9. Denosumab versus Zoledronic acid (for all types of cancer); Outcome: Overall
survival

Lung cancer

Scagliotti et al. and Henry et al. reported on this outcome involving lung cancer
patients (Figure 9). In general, overall median survival in Scagliotti et al. showed
that Denosumab increased with a difference of 1.2 months compared with
Zoledronic acid (median: 8.9 months versus 7.7 months; p=0.01). During subgroup
analysis Denosumab also has significant improvement of overall survival when
compared to Zoledronic acid in NSCLC (median: 9.5 months versus 8.0 months;
p=0.01). Having said so the difference of overall survival is not significant in SCLC
(median: 7.6 months versus 5.1 months; p=0.36).39 level!

This was inline with the study reported by Henry et al. showed that there was a
significant difference between the two groups for NSCLC (p=0.017).42 level|

Other solid tumours (OSTs)
Only Henry et al. reported on this outcome involving OSTs patients. There was no
significant difference in the overall survival between Denosumab and Zoledronic
acid (p=0.41) (Figure 9).42levell

Pooled data in Figure 9 showed a substantial heterogeneity (1°>=58%) across all
types of cancer group.®® We conducted a subgroup analyses to explore the
heterogeneity and found that it comes from the differences results from lung
cancer subgroup and the other types of cancer subgroup (breast cancer, prostate
cancer and other solid tumours). Therefore, there were two different results on this
outcome, where only non-small cell lung cancer subgroup showed the significant
difference in overall survival between Denosumab and Zoledronic acid (Figure 10).
The results showed that there was a high substantial heterogeneity between the
subgroup differences (12°=74.7%).
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Deaosumab Zofedronic Acid Hazard Ratio Hazard Ratio
Study or Subgroup logiHazard Ratio]  SE Total Total Weight WV, Fixed, 95% (1 IV, Fixed, 95% C|
34.1 Breast cancer
Stopeck 2010EC -00513 0.0813 1026 1020 200% 098508¢,1.11] —
Subtotal {95% Cl} 1026 1020 20.0% 095[0.81,1.11] e
Heterogenzity Not applicable
Testfor overall efiect Z=063P=053)
34.2 Prostate cancer
Fizazi 2011 PC {0295 00632 80 81 332% 10309147 —E—
Subtotal (95% C1) 950 91 332% 1030091, 147] o
Reterogeneity. Not applicable
Testfor overall efiect Z=0.47 P=0.84)
343 Lung cancer
Henry 2011 NSCLC 02357 0.0987 30 357 138% 079065 0.5 R
Stanfioffi 2012 NSCLC 02485 0093 30 37 153% 0781085084 S SRS
Stagloffi 2012 SCLC 02107 0.226¢ B 4§ 26% 0811052136
Subtotal (95% C1) 761 752 5% 0791049, 089 <=

Reterogeneity Chit=0.03, of=2 F=0.599) F=0%
Testfor overall efiect 2= 370 P=0.0002)

34.4 Other solid tumour
Henry 2011 05T 0077 0083 49 455 153% 1.081.90,1.30 Y B TR
Subtotal {95% Cl} 449 455 15.3% 1.08[0.90,130] ’

Heterogengity. Not applicable
Testfor overall efiect Z=083 P=041)

Total {95% C) 3186 178 100.0% 0.94]0.87, 1.01] <

1

L 1 1
) n Iq 'l
05 07 15
Favours Denosumad  Favoors Zoledranic Acid

Heterogenaity Chf =11 90, of= 5 (P = 0.04), P=58%

Test for overall efiect Z= 176 P =0.08)

Testfor suboroup difizrences: Chit=11 87, df=3(P= 0008}, F=747%
Notes: PC: prostate cancer; NSCLC: non-small cell lung cancer; OST: other solid tumour; BC: breast cancer

Figure 10. Subgroup analyses (for all types of cancer); Outcome: Overall survival

7. Disease Progression

Three out of six studies reported on this outcome. Lipton et al., Scagliotti et al.
and Martin et al. did not report on this outcome. Pooled data from three studies
showed that the disease progression was similar between Denosumab and
Zoledronic acid in all types of cancer (Figure 11). The results are presented as
follows:

Breast cancer

Only Stopeck et al. reported on this outcome involving breast cancer patients.
There was no significant difference in the disease progression between
Denosumab and Zoledronic acid (p=0.93) (Figure 11).43evell
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Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Fizazi 2011 PC 0.0583 0.08%8 261% 1.06[0.951.18] &
Henry 2011 NSCLC 0 00585 231% 1.00[04891.17
Henry 2011 08T 0 00595 231% 1.00[0.89 117
Stopeck 2010 BC 0 00543 277% 1.00[080,1.11] . EE—
Total (95% Cl) 100.0% 1.02[0.96, 1.07] -~
Heterogeneity, Chi#= 080, df=3(P=085); F= 0% D.'B:S ng 1!1 15

Testforoverall eflect 2= 053 (F = 0.58) Favours Denosumab  Favours Zoledronic Acid

Notes: PC: prostate cancer; NSCLC: non-small cell lung cancer; OST: other solid tumour; BC: breast cancer

Figure 11. Subgroup analyses (for all types of cancer); Outcome: Disease progression

Prostate cancer

Only Fizazi et al. reported on this outcome involving prostate cancer patients.
There was no significant difference in the disease progression between
Denosumab and Zoledronic acid (p=0.30) (Figure 11).4%levell

Lung cancer

Only Henry et al. reported on this outcome involving lung cancer patients. The
results showed that there was no significant difference in the disease progression
between Denosumab group and Zoledronic acid group for non-small cell lung
cancer (p=1.0) (Figure 11).42levell

Other solid tumours (OSTs)

Only Henry et al. reported on this outcome involving OSTs patients. There was no
significant difference in the disease progression between Denosumab and
Zoledronic acid (p=1.0) (Figure 11).31levell

8. Pain
One HTA reported on this outcome involving this intervention.

Breast cancer
One study in Ford et al. reported the pain outcome by dividing it into groups. The
results are as follows:

In patients with no/mild pain at baseline, Denosumab delayed time to development
of moderate or severe worst pain (worst pain score of > 4 points) compared with
Zoledronic acid (295 days versus 176 days; HR 0.78; 95% CI 0.67 to 0.92; p =
0.0024).19 level |

The median time to worsening pain (= 2-point increase from baseline in BPI-SF
worst pain score) was non-significantly favoured Denosumab compared with
Zoledronic acid (8.5 months versus 7.4 months, p = 0.822).19levell
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Was similar between groups for (median 82 days versus 85 days; HR 1.02; 95%
Cl10.91 to 1.15; p = 0.7245).19level

Prostate cancer
One study in Ford et al. reported the pain outcome by dividing it into groups. The
results are as follows:

Denosumab delayed in patients with no or mild pain at baseline by around one
month compared with Zoledronic acid (median 5.8 months vs 4.9 months)
although the difference was not statistically significant (HR: 0.89, 95% CI: 0.77 to
1.04; p=0.1416). Denosumab also significantly decreased the proportion of
patients with no/ mild pain at base who progressed to moderate or severe pain
(relative decrease).19evel!

The median time to worsening pain (= 2-point increase from baseline in BPI-SF
worst pain score) was similar in the Denosumab and Zoledronic acid groups.19'evel!

There was no significant difference in time to pain improvement (= 2-point
decrease from baseline) between Denosumab and Zoledronic acid.® 'eve!!

Lung cancer
Neither study reported on this outcome involving lung cancer patients.

Other solid tumours (OSTs)
One study in Ford et al. reported the pain outcome by dividing it into groups. The
results are as follows:

Denosumab delayed time to development of moderate or severe worst pain (worst
pain score of > 4 points) compared with Zoledronic acid OSTs including NSCLC
(HR: 0.81, 95% CI. 0.66 to 0.99; median: 3.7 months versus 2.8 months;
p:0.038).19 level |

Denosumab delayed (= 2-point increase from baseline in BPI-SF worst pain score)
compared with Zoledronic acid (4.7 months versus 3.9 months; p=0.040).19 levell
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9. Quality of life
One HTA and one RCT reported on this outcome involving this intervention.

Breast cancer

One study in Ford et al. reported that Denosumab delayed time to development
of moderate or severe worst pain (worst pain score of > 4 points) compared with
Zoledronic acid (median: 9.7 months versus 5.8 months; p=0.0024). In all three
studies, in terms of quality of life, overall mean Functional Assessment of
Cancer Therapy (FACT) scores remained similar between the groups. An
average of 3.2% (range 1% to 7%) more patients in the Denosumab group
experienced a clinically meaningful improvement in quality of life (= 5-point
increase in FACT-G total score) from week 5 through to week 73.19evell

A RCT reported by Martin et al. showed that an average of 10% more patients
in the Denosumab group compared with the Zoledronic acid group had a
clinically meaningful improvement in HRQoL (=5-point increase in FACT-G total
score) over the course of the study (34% versus 31%). An average of 7% fewer
patients in the Denosumab group than in the Zoledronic acid group had
worsening of HRQoL on study. Among patients with no or mild pain at baseline
(BPI-SF score 0 to 4), the relative overall improvement in HRQoL was 14%
greater with Denosumab compared with Zoledronic acid. Among patients who
had moderate or severe pain at baseline (BPI-SF score 5 to 10), the relative
overall improvement in HRQoL was 9% greater with Denosumab than with
Zoledronic acid. ECOG performance status was comparable in the Denosumab
and Zoledronic acid groups (59% versus 55%, respectively). Worsened ECOG
performance status was reported for 36% of patients in the Denosumab group
and 41% of patients in the Zoledronic acid group; improved ECOG status was
reported in 5% and 4% of patients in the Denosumab and Zoledronic acid
groups, respectively.0 levell

Prostate cancer
Neither study reported on this outcome involving prostate cancer pati