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Figure 1. Study Design
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2, List of Abbreviations

Abbreviation or Term Definition/Explanation

ALT alanine aminotransferase

AST aspartate aminotransferase

BMD bone mineral density

CT Computerized Tomography

CTCAE Common Terminology Criteria for Adverse Events

ECOG Eastern Cooperative Oncology Group

FDA Food and Drug Administration

\Y intravenously

MRI magnetic resonance imaging

PMC post-marketing commitment

Q4w every 4 weeks

RANKL RANK ligand

SDTM Study Data Tabulation Model

SRE skeletal-related event (defined as pathologic fracture [vertebral

or non-vertebral], radiation therapy to bone [including use of
radioisotopes], surgery to bone, or spinal cord compression)

TNF tumor necrosis factor

TRAIL TNF-related apoptosis inducing ligand
ULN upper limit of normal

us United States
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4. Abstract
Integrated Retrospective Analysis of Metastatic-related and
Non-metastatic-related Fractures in Studies 20050136, 20050244, and 20050103

Study Background and Rationale

Bone metastases occur in more than 1.5 million patients with cancer worldwide
(Coleman et al, 2005b) and are most commonly implicated in cancers of the prostate,
lung, and breast, with incidence rates as high as 75% (Selvaggi et al, 2005; Carlin et al,
2000; Coleman, 1997; Viadana et al, 1973). Bone metastases can result in
incapacitating clinical sequelae (Coleman et al, 2006). These complications include
debilitating pain that often requires aggressive management with radiation therapy and
narcotic analgesics, pathologic fractures that may impair ambulation, surgery to prevent
or treat pathologic fractures or manage pain, and spinal cord compressions that can
result in numbness or weakness, urinary or fecal incontinence, and paralysis.
Furthermore, skeletal complications of bone metastases have been associated with
increased mortality (Lage et al, 2008; DePuy et al, 2007).

Denosumab is a fully human monoclonal IgG2 antibody to RANK ligand (RANKL) that
binds with high affinity (Kd 3 x 10-12 M) and specificity to the soluble and cell
membrane-bound forms of human RANKL. Denosumab is highly specific because it
binds only to RANKL and not to other members of the tumor necrosis factor (TNF)
family, including TNFa, TNFB, TNF-related apoptosis inducing ligand (TRAIL), or

CD40 ligand (Elliott et al, 2006; Kostenuik et al, 2009). Denosumab binding prevents the
activation of RANK and inhibits the formation, activation, and survival of osteoclasts
[Buijs et al, 2009; Clezardin et al, 2007; Boyle et al, 2003]). As a consequence, bone

resorption and cancer-induced bone destruction are reduced.

In over 70 countries, denosumab has an approved indication in patients with cancer as
follows: XGEVA is indicated for the prevention of skeletal-related events (SREs) in
patients with bone metastases from solid tumors. The development program leading to
marketing authorization included 3 phase 3 studies comparing the clinical benefit of
denosumab with another bone-modifying agent, zoledronic acid. The studies used the
endpoint of skeletal related events (SREs), which were defined in these studies as
pathologic fracture (excluding major trauma), radiation therapy to bone, surgery to bone,
or spinal cord compression. The benefit of denosumab 120 mg for prevention of SREs
in patients with solid tumors has been demonstrated in a large clinical study program.

Subjects with advanced breast cancer, solid tumor or multiple myeloma, and metastatic
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castrate-resistant prostate cancer were recruited (US Prescribing Information for XGEVA
[denosumabl]); denosumab delayed the time to first SRE following randomization as
compared with zoledronic acid in subjects with breast or castrate-resistant prostate
cancer (CRPC) with osseous metastases. In subjects with bone metastasis due to other
solid tumors or lytic lesions due to multiple myeloma, denosumab was noninferior to

zoledronic acid in delaying the time to first SRE following randomization.

The safety profile of denosumab has been extensively characterized in the clinical
development program, and has been enhanced by postmarketing safety surveillance.
Furthermore the adverse effect profile of the bisphosphonates, approved in some
markets for cancer metastases indications, are associated with some similar risks such
as hypocalcemia, osteonecrosis of the jaws, and atypical femur fracture in addition to
adverse renal toxicity and acute phase responses which have not been observed with
denosumab. Based on ongoing evaluation of denosumab in clinical studies and the
postmarketing setting, the benefit:risk profile of XGEVA (denosumab 120 mg every

4 weeks [Q4W]) in the prevention of SREs in patients with advanced cancers is
favorable. XGEVA offers a meaningful advance in treatment for the prevention of SREs

in patients with bone metastases from solid tumors.

In January 2018, a safety update was approved by the US FDA to add Multiple Vertebral
Fractures (MVF) Following Treatment Discontinuation to the warnings and precautions
section of the XGEVA USPI. Since the FDA were unable to observe the phenomenon of
MVF in the solid tumor patient setting following treatment discontinuation, the Agency
would like to ensure that the safety and efficacy is maintained during the active
treatment period. Therefore, the FDA want to explore whether or not XGEVA is
detrimental to bone for non-pathological fractures. As part of the approval, Amgen
agreed to the following post-marketing commitment (PMC): “Perform a retrospective
analysis in Metastatic-related and Non-metastatic-related Fractures in clinical trials
20050136, 20050244 and 20050103, leading to XGEVA approval in patients with bone
metastases from solid tumors, during the active treatment period, and characterize the
non-metastatic fractures. Submit the final report with labeling.” This proposed study is

designed to address these objectives and will fulfil the PMC.
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Research Question and Objective(s)
— Primary Objective(s)

To characterize the on-study metastatic and non-metastatic fractures seen in
studies 20050136, 20050244 and 20050103. A metastatic fracture is a fracture
diagnosed at a site where a bone metastases is present. Non-metastatic
fractures are all other fractures diagnosed. Location of non-metastatic fracture
(vertebral vs non-vertebral) and Fracture Common Terminology Criteria for
Adverse Events (CTCAE) grades will be assessed.

— G1: Asymptomatic, radiographic findings only (eg, asymptomatic rib fracture
on plain x-ray, pelvic insufficiency fracture on magnetic resonance imaging
[MRI], etc.)

— G2: Symptomatic but non- displaced; immobilization indicated

— G3: Symptomatic and displaced or open wound with bone exposure;
operative intervention indicated

— G4: Disabling; amputation indicated
— Gb5: Death

— Secondary Objective(s)
To describe baseline medications known to decrease bone mineral density
(BMD) and/or a history of osteoporosis in those patients experiencing a
non-metastatic fracture.

— Hypothesis(es)/Estimation
No hypothesis testing will be conducted for this study

Study Design/Type
This study is a retrospective, Amgen database analysis of subjects with bone
metastases from solid tumors in studies 20050136, 20050244 and 20050103.

Study Population or Data Resource
Subjects with bone metastases from solid tumors who experienced an on-study fracture
in studies 20050136, 20050244 and 20050103.

Summary of Eligibility Criteria
All subjects randomized on Studies 20050136, 20050103, and 20050244 (excluding
179 subjects with multiple myeloma) will be included in the analysis. Eligibility criteria for

this study are the same as the eligibility criteria used for enrollment in the original studies
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Variables

— Outcome Variable(s)
Subjects with an on-study fracture will be identified. Using location codes from
the imaging charter, fractures will be defined as metastatic or non-metastatic,
then vertebral or non-vertebral for non-metastatic. Fracture Common
Terminology Criteria for Adverse Events (CTCAE) grades will be recorded.

— Exposure Variable(s)
Number of doses received for subjects with fractures
Study Sample Size
The integrated database for studies 20050103, 20050136, and 20050244 includes
5723 randomized subjects. Excluding the subjects with multiple myeloma (n=179), a
total of 5544 subjects (denosumab n = 2776; zoledronic acid n = 2768) will be included

in the analysis.

Data Analysis

The event rates of metastatic and non-metastatic fractures will be calculated based on
the total number of fractures. The crude rate and its 95% confidence intervals will be
calculated for the denosumab and zoledronic acid groups for the pooled data as well as

for each individual study.

For non-metastatic fractures, location of fracture (vertebral vs non-vertebral) and fracture

CTCAE grade will be summarized.

The subject incidence of fracture will be calculated based on all randomized subjects

with solid tumors.

The baseline medications known to affect bone density and or history of osteoporosis

will be summarized descriptively for subjects with at least 1 non-metastatic fracture.

Subjects will be analyzed according to their original treatment assignment, regardless of

treatment received.

5. Amendments and Updates

None
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6. Milestones
Milestone Planned Timeline
Start of data collection December 2018
End of data collection March 2019
Final report of study results June 2019
7. Rationale and Background
71 Diseases and Therapeutic Area

Bone metastases occur in more than 1.5 million patients with cancer worldwide
(Coleman et al, 2005b) and are most commonly implicated in cancers of the prostate,
lung, and breast, with incidence rates as high as 75% (Selvaggi et al, 2005; Carlin et al,
2000; Coleman et al, 1997; Viadana et al, 1973). Bone metastases can result in
incapacitating clinical sequelae (Coleman et al, 2006). These complications include
debilitating pain that often requires aggressive management with radiation therapy and
narcotic analgesics, pathologic fractures that may impair ambulation, surgery to prevent
or treat pathologic fractures or manage pain, and spinal cord compressions that can
result in numbness or weakness, urinary or fecal incontinence, and paralysis.
Furthermore, skeletal complications of bone metastases have been associated with
increased mortality (Lage et al, 2008; DePuy et al, 2007).

The underlying pathophysiology of bone metastases, irrespective of primary tumor type
and their radiographic appearance, is a locally increased pathologic rate of bone
remodeling, including increased osteoclast activity (Roodman, 2004; Yonou et al, 2004).
Increased osteoclast activity can be demonstrated by histology (Roudier, 2008) and by
elevated levels of serum bone resorption markers (Demers et al, 2003). Elevated levels
of bone resorption, as measured by increases in bone resorption markers, have been
associated with worse prognosis for significant skeletal morbidity (Coleman et al,
2005a). As above, the clinical consequences of increased osteoclastic activity
associated with pathological bone remodeling in the setting of bone metastases may
lead to fracture, radiation therapy, or surgery to bone to alleviate bone pain and/or
prevent impending fracture, spinal cord or nerve compression, and hypercalcemia of
malignancy. As a composite, the local irreversible events (fractures, radiation to bone,
spinal cord compression, or surgery to bone) are defined as skeletal related events
(SREs), whereas hypercalcemia of malignancy is a systemic and potentially reversible

event and is not considered to be a component of SREs by the regulatory authorities.

CONFIDENTIAL AmN®



Product: Denosumab
Protocol Number: 207180024
Date: 19 June 2018 Page 13 of 35

A key objective in managing the skeletal morbidity associated with bone metastases is to
inhibit excessive osteolysis and interrupt the vicious cycle of bone destruction, tumor
growth, and further bone destruction, thus preventing or delaying the complications from
bone metastases. The pharmacologic armamentarium in the United States for this
indication currently comprises intravenous (V) bisphosphonates (eg, zoledronic acid,
pamidronate), which have been shown to reduce the incidence of SREs in patients with
advanced cancer and bone metastases (Kohno et al, 2005; Saad et al, 2002; Rosen et
al, 2003; Rosen et al, 2001; Theriault et al, 1999; Berenson et al, 1996; Hortobagyi et al,
1996) and act by reducing bone resorption through inhibition of mature osteoclast
activity (Zometa et al, 2011). Suppression of bone resorption and formation markers has
been observed following bisphosphonate treatment (Body et al, 2003). These data, as
well as data from nonclinical models (Roodman et al, 2008), suggest that inhibition of
osteoclast activity leads to a reduction in cancer-induced bone destruction and support
the use of antiresorptives as treatment for bone metastases. Currently, in addition to
systemic antitumor therapy, treatment with IV bisphosphonates (eg, zoledronic acid,
pamidronate) is recommended for patients with bone metastases (Carlson et al, 2011;
Theriault et al, 2006; Warr et al, 2004; Hillner et al, 2003). Of the currently available 1V
bisphosphonates, zoledronic acid is considered the standard of care, with demonstrated
efficacy across tumor types (Kohno et al, 2005; Saad et al, 2002; Rosen et al, 2004;
Rosen et al, 2001) and greater potency compared to other bisphosphonates (Gutta et al,
2007).

Despite the availability of bisphosphonate treatment, an opportunity exists to improve the
management of skeletal complications in patients with bone metastases (Clark et al,
2008; Coleman et al, 2008). A substantial proportion of patients (between approximately
30% to 50%) continue to experience these complications (Rosen et al, 2004;

Rosen et al, 2001; Saad et al, 2002), indicating that additional treatment options are
warranted. In addition, bisphosphonates are not recommended for use in patients with
severe renal impairment because this therapy has been associated with an increased
risk of clinically significant deterioration in renal function (Zometa et al, 2011; Aredia et
al, 2011). Renal deterioration is a prevalent condition in patients with advanced cancer,
with decreased renal function observed in approximately 50% to 60% of patients with
solid tumors, including breast cancer (Launey-Vacher et al, 2010; Kleber et al, 2007).
Therefore, minimizing exposure to drugs that may increase the risk of nephrotoxicity,
such as bisphosphonates, is an important consideration in the treatment of these

patients. Denosumab, by virtue of its anti-osteoclastic properties, would be expected to
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be effective in reducing the occurrence of SREs in patients with bone lesions from solid

tumors or multiple myeloma.

Denosumab is a fully human monoclonal IgG2 antibody to RANK ligand (RANKL) that
binds with high affinity (Kq = 3 x 10-2 M) and specificity to the soluble and cell
membrane-bound forms of human RANKL. Denosumab is highly specific because it
binds only to RANKL and not to other members of the tumor necrosis factor (TNF)
family, including TNFa, TNFB, TNF-related apoptosis inducing ligand (TRAIL), or

CDA40 ligand (Elliott et al, 2006; Kostenuik et al, 2009). Denosumab binding prevents the
activation of RANK and inhibits the formation, activation, and survival of osteoclasts
[Buijs et al, 2009; Clezardin et al, 2007; Boyle et al, 2003]). As a consequence, bone

resorption and cancer-induced bone destruction are reduced.

In over 70 countries, denosumab has an approved indication in patients with cancer as
follows: XGEVA is indicated for the prevention of SREs in patients with bone
metastases from solid tumors. The development program leading to marketing
authorization included, 3 phase 3 studies were conducted comparing the clinical benefit
of denosumab with another bone-modifying agent, zoledronic acid. The studies used
the endpoint of SREs, which were defined in these studies as pathologic fracture
(excluding major trauma), radiation therapy to bone, surgery to bone, or spinal cord
compression. The benefit of denosumab 120 mg for prevention of SREs in patients with
solid tumors has been demonstrated in a large clinical study program. Subjects with
advanced breast cancer, solid tumor or multiple myeloma and metastatic
castrate-resistant prostate cancer were recruited (US Prescribing Information for XGEVA
[denosumab]); denosumab delayed the time to first SRE following randomization as
compared with zoledronic acid in subjects with breast or castrate-resistant prostate
cancer (CRPC) with osseous metastases. In subjects with bone metastasis due to other
solid tumors or lytic lesions due to multiple myeloma, denosumab was noninferior to

zoledronic acid in delaying the time to first SRE following randomization.

7.2 Rationale

In January 2018, a safety update was approved by the US FDA to add Multiple Vertebral
Fractures (MVF) Following Treatment Discontinuation in to the warnings and precautions
section of the XGEVA USPI. Since the FDA were unable to observe the phenomenon of
MVF in the solid tumor patient setting following treatment discontinuation, the Agency
would like to ensure that the safety and efficacy is maintained during the active

treatment period. Therefore, the FDA want to explore whether or not XGEVA is
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detrimental to bone for non-pathological fractures. As part of the approval, Amgen
agreed to the following postmarketing commitment: “Perform a retrospective analysis in
Metastatic-related and Non-metastatic-related Fractures in clinical trials 20050136,
20050244 and 20050103, leading to XGEVA approval in patients with bone metastases
from solid tumors, during the active treatment period, and characterize the
non-metastatic fractures. Submit the final report with labeling. This proposed study is

designed to address these objectives and will fulfil the PMC.

7.3 Statistical Inference (Estimation or Hypothesis[es])
There is no formal hypothesis to be tested. The event rates of metastatic and

non-metastatic fracture will be estimated.

8. Research Question and Objectives

8.1 Primary

The primary objective is to characterize the on-study metastatic and non-metastatic

fractures seen in the 20050136, 20050244 and 20050103 studies. Location of

non-metastatic fracture (vertebral vs non-vertebral) and fracture CTCAE grades will be

assessed.

e G1: Asymptomatic, radiographic findings only (eg, asymptomatic rib fracture on plain
x-ray, pelvic insufficiency fracture on MRI, etc.)

e (G2: Symptomatic but non- displaced; immobilization indicated

¢ G3: Symptomatic and displaced or open wound with bone exposure; operative
intervention indicated

e (4: Disabling; amputation indicated
e Gb5: Death

8.2 Secondary
The secondary objective is to describe baseline medications known to reduce bone
mineral density (BMD) and/or a history of osteoporosis in those patients experiencing a

non-metastatic fracture.

9. Research Methods
9.1 Study Design
This study is a retrospective, Amgen database analysis of subjects in the 20050136,

20050244, and 20050103 studies in subjects with bone metastases from solid tumors.

9.2 Setting and Study Population
The population of studies 20050136, 20050244, and 20050103 is subjects with bone

metastases from solid tumors. These were double-blinded studies with subjects
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receiving either denosumab 120 mg Q4W or zoledronic acid 4 mg Q4W. The cohort of

subjects with multiple myeloma from Study 20050244 will be removed for the purposes

of this analysis following the FDA request to analyze subjects with solid tumors only.

9.21 Study Period

20050103 Blinded Treatment Analysis

First subject enroliment date:

12 May 2006

Last subject enrolliment date

18 December 2008

Blinded treatment analysis data cutoff date:

26 February 2010

20050136 Blinded Treatment Analysis

First subject enroliment date:

17 April 2006

Last subject enroliment date

31 December 2007

Primary analysis data cutoff date:

6 March 2009

Blinded treatment analysis data cutoff date:

20 July 2009

20050244 Blinded Treatment Analysis

First subject enrollment date:

21 June 2006

Last subject enroliment date

16 May 2008

Blinded treatment analysis data cutoff date:

30 April 2009

Last subject end of study date:

21 October 2009

9.2.2 Subject/Patient/Healthcare Professional Eligibility

9.2.2.1 Inclusion Criteria

All subjects randomized on Studies 20050136, 20050103, and 20050244 (excluding

179 subjects with multiple myeloma) will be included in the analysis. Eligibility criteria for

this study are the same as the eligibility criteria used for enroliment in the original studies

Subject consent was previously obtained in the original studies. For the purposes of this

analysis, no additional subject consent is required.

9.2.2.2 Exclusion Criteria

Subjects in the 20050244 study with multiple myeloma

9.2.3 Matching
Not Applicable
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9.24 Baseline Period

Baseline value is the closest recorded measurement on or before the time of the first
dose of either denosumab or zoledronic acid, the investigational product (IP). If a
subject did not receive IP, baseline is the latest recorded measurement on or before the

enrollment date.

Note: If the pre-dosing skeletal survey is not available, the first available post-dosing
skeletal survey will be considered baseline by the central imaging vendor and indicated

in the database.

9.25 Study Follow-up
Subijects in the 20050136, 20050244, and 20050103 studies were followed from the first

dose of blinded investigational product until the end of the blinded study treatment

phase.
9.3 Variables
9.3.1 Exposure Assessment

o the total dose of investigational product

¢ the number of days on study

9.3.2 Outcome Assessment

e Event rates of metastatic and non-metastatic fractures: The event rates of metastatic
and non-metastatic fractures will be calculated based on all fractures.

e Event rates of vertebral and non-vertebral fractures: The event rates of vertebral and
non-vertebral fractures will be calculated based on all non-metastatic fractures.

o Vertebral fractures per severity grade: The proportion of each severity grade will be
calculated based on all vertebral fractures.

e Subject incidence of fracture: Subject incidence of fracture will be calculated based
on all randomized subjects with solid tumors.

¢ In those subjects with a non-metastatic fracture, the proportion of those subjects
taking medication known to reduce BMD and/or a history of osteoporosis.

o All above outcome assessments will be analyzed for subjects receiving zoledronic
acid versus denosumab.

9.3.3 Validity and Reliability

The double-blind extension data set consists of subject-level data that has been checked

and verified as accurate by Amgen. These data have already been reviewed and

approved by regulators as a basis for the current approved indication of prevention of

SREs in the XGEVA USPI. An imaging charter was designed with the third-party

imaging vendor to ensure consistent documentation of bone metastasis locations and

fracture diagnosis and locations. An analysis limitation exists, as described elsewhere in
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this protocol, that the location coding of fracture sites is more general than that of bone
metastases sites. Therefore, a weakness in the proposed analysis exists for identifying

non-metastatic fractures (Section 9.8)

94 Data Sources

The data sources include the subject-level data for fracture and metastasis provided by
RadPharm, a central imaging vendor. An integrated database for studies 20050103,
20050136, and 20050244 will be generated using raw/Study Data Tabulation Model
(SDTM) data.

The Bone Site Code Descriptors list will be used on the RadPharm Source Document

and is listed below in Table 1.

Table 1. Musculoskeletal Site Codes

Fracture Codes

Site Site Site

Code Fracture Site Code Fracture Site Code Fracture Site
FO1 Skull F09 Ribs F27 Fibula

FO02 Facial F10 Sternum F28 Tibia

FO3 Mandible F13 Clavicle F32 llium

F04 Cervical vertebrae | F14 Scapula F33 Ischium

FO05 Thoracic vertebrae | F15 Humerus F34 Pubis

FO06 Lumbar vertebrae | F16 Radius F50 Femur

FO7 Sacrum F17 Ulna F88 Other (specify)
FO08 Coccyx F26 Patella
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Bone Metastasis Code

Site Site Site Site

Code | Bone Code | Bone Code | Bone Code | Bone

351 C1 R350 | Right Skull 400 Sacrum R335 | Right Wrist

352 Cc2 L350 | Left Skull R401 | 1t Right Rib | L335 | Left Wrist

353 C3 R380 | Right R402 | 29 Right Rib | R336 | Right Elbow

Humerus

354 C4 L380 | Left Humerus | R403 | 39 RightRib | L336 | Left Elbow

355 | C5 R381 | Right Radius R404 | 4" Right Rib | R337 | Right Shoulder

356 C6 L381 | Left Radius R405 | 5" Right Rib | L337 | Left Shoulder

357 C7 R382 | Right Ulna R406 | 6" Right Rib | R338 | Right Hip

358 | T1 L382 | LeftUlna R407 | 7" Right Rib | L338 | Left Hip

359 | T2 R383 | Right Hand R408 | 8" Right Rib | R339 | Right Knee

360 | T3 L383 | Left Hand R409 | 9" Right Rib | L339 | Left Knee

361 T4 R384 | Right Ribs R410 | 10" Right Rib | R340 | Right Ankle

362 | T5 L384 | Left Ribs R411 | 11" Right Rib | L340 | Left Ankle

363 | T6 R385 | Right Pelvis R412 | 12" Right Rib | R341 | Right Sacroiliac

364 | T7 L385 | Left Pelvis L401 | 18t Left Rib L341 | Left Sacroiliac

365 | T8 R386 | Right Femur L402 | 2" Left Rib R342 | Right
Acromioclavicular

366 | T9 L386 | Left Femur L403 | 3 Left Rib L342 | Left
Acromioclavicular

367 | T10 R387 | Right Tibia L404 | 4" Left Rib R343 | Right
Sternoclavicular

368 | T11 L387 | Left Tibia L405 | 5" Left Rib L343 | Left
Sternoclavicular

369 | T12 R388 | Right Fubula L406 | 6™ Left Rib R344 | Other

370 L1 L388 | Left Fibula L407 | 7" Left Rib L344 | Other

371 L2 R389 | Right Ankle L408 | 8" Left Rib

372 L3 L389 | Left Ankle L409 | 9" Left Rib

373 L4 R390 | Right Foot L410 | 10" Left Rib

374 L5 L390 | Left Foot L411 | 11" Left Rib

375 | St L412 | 12" Left Rib

376 S2

377 S3

378 S4

379 | S5
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Evaluation of Vertebral Fracture

In studies 20050136, 20050103, and 20050244, each subject underwent skeletal survey
every 12 weeks that the subject was on study. In addition, subjects could have
undergone unscheduled skeletal assessments. Therefore, the time points evaluated are
baseline, then every 12 weeks until end of study or withdrawal of consent, and

unscheduled assessments

Vertebral fractures from the first cervical level (C1) to the fifth sacral level (S5) will be
graded using the semi-quantitative grading scale of Genant (Genant et al, 1993)

modified as follows: -

No (no vertebral fracture present): Grade 0, normal

MNormal
(Girade 7}

Yes (vertebral fracture present): Grade 1, > 20% reduction in vertebral height (anterior,

middle, or posterior)

Tredoe deformity Riconeave deformity Crush deformity

Mild deforminy
(Grade 1}

Moderate defarmily
[Grrade 2} fh

Severe deformity
((rrade 3

Each vertebra from C1 to S5 will be assigned a grade (Grade 0, Normal or Grade 1,
Abnormal) at each time point as described above. Vertebral bodies will be numbered in
the 400 series (400, 401, etc.) for this evaluation.

Evaluation of Non-vertebral Fracture

In the event the subject had any non-vertebral fracture while on study, the investigator
should send the images diagnosing the fracture to RadPharm. The RadPharm
reviewers will review the images and determine if a fracture is present. If present, the

fracture will be recorded and annotated using the circle tool on the reading application.
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The site codes, descriptors, and exam number will be recorded for each. New
non-vertebral fractures will be numbered in the 500 series (500, 501, etc.) for this

evaluation.

Information regarding trauma, as collected at the investigational site, will not be provided
to RadPharm. Therefore, any fracture seen radiographically by RadPharm will be

identified and reported as an SRE.

9.5 Study Size

The integrated database for Studies 20050103, 20050136, and 20050244 includes
5723 randomized subjects. Excluding the subjects with multiple myeloma (n=179), a
total of 5544 subjects (denosumab n = 2776; zoledronic acid n = 2768) will be included

in the analysis.

9.6 Data Analysis
9.6.1 Planned Analyses
9.6.1.1 Primary Analysis

The primary analysis will be conducted once the protocol and statistical analysis plan are

finalized and approved.

9.6.2 Planned Method of Analysis

9.6.2.1 General Considerations

The statistical analysis in this study will be descriptive in nature. Categorical outcomes
will be summarized by the number and percentage of subjects or events in each
category. Continuous outcomes will be summarized by the number of nonmissing
values, mean, standard deviation, median, lower and upper quartiles, minimum, and

maximum.

9.6.2.2 Missing or Incomplete Data and Lost to Follow-up

All radiographic images, including those obtained prior to randomization to confirm the
presence of bone metastases and skeletal surveys to determine the presence of
fractures, were sent to RadPharm for review. In this study, analyses will be based on all

analyzed imaging data provided by RadPharm. Missing data will not be imputed.
9.6.2.3 Descriptive Analysis

9.6.2.3.1 Description of Study Enroliment
All randomized subjects with solid tumors in Studies 20050103, 20050136, and
20050244 will be included. The subjects with multiple myeloma in Study 20050244 will

be excluded from this study.
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9.6.2.3.2 Description of Subject/Patient Characteristics
Demographics and baseline characteristics will be summarized for all randomized

subjects with solid tumors, as well as for the subjects with any fractures.

9.6.2.4 Analysis of the Primary, Secondary and Exploratory Endpoint(s)
The event rates of metastatic and non-metastatic fractures (defined in Section 9.3.2) will
be summarized descriptively by treatment for each study and for the integrated data. A
subject may have multiple fractures. All pathologic fractures during the double blinded

treatment period will be included in the analysis.

The event rates of vertebral and non-vertebral fractures (defined in Section 9.3.2) will be
summarized using the similar method described above. Only non-metastatic fractures
will be included in the analysis. For vertebral fractures, severity grade will be tabulated

by treatment.

In addition to event rates, the subject incidence of any pathologic fractures, metastatic
fractures, and non-metastatic fractures will be summarized by treatment. A subject may
be included in both metastatic and non-metastatic fracture groups if the subject has
multiple fractures. The incidence of fractures will be based on all randomized subjects
with solid tumors. The incidence of metastatic and non-metastatic fractures will be
based on all subjects with any pathologic fractures. Time to first metastatic fracture and

time to first non-metastatic fracture will be analyzed.

The baseline medications known to affect bone density and/or history of osteoporosis

will be summarized descriptively for subjects with at least 1 non-metastatic fracture.

The number of days on study and the total dose of investigational product will be
summarized using descriptive statistics for the subjects with any fractures. A summary
of proportion of subjects receiving each dose level (1 —6,7 — 12, 13 — 18, = 19) will also

be provided.

9.6.2.5 Sensitivity Analysis
Not Applicable

9.6.2.5.1 Subgroup Analysis
Not Applicable

9.6.2.5.2 Stratified Analysis
Not Applicable
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9.6.2.5.3 Sensitivity Analysis for Residual Confounding and Bias
Not Applicable

9.6.2.5.4 Other Sensitivity Analysis
Not Applicable

9.6.3 Analysis of Safety Endpoint(s)/Outcome(s)
This is a retrospective analysis of already reported safety data. In this study safety data

will not be collected.

9.7 Quality Control
Not Applicable

9.8 Limitations of the Research Methods
The location codes for bone metastases (Section 9.4) are more detailed than those for
fractures. A limitation of this analysis is that if a bone metastasis is diagnosed in the

same bone or area of a fracture, this will be recorded as a metastatic fracture.

A time-dependent association exists between fracture diagnosis and bone metastasis
diagnosis in the same bone. For the purpose of this analysis, a time period of 6 months
was applied. If a bone metastasis was diagnosed within 6 months after a fracture in the

same bone, then this fracture is recorded as metastatic fracture

10. Protection of Human Subjects

Not Applicable

11. Collection, Recording and Reporting of Safety Information and
Product Complaints

Not Applicable

1.1 Definition of Safety Events

All safety events have previously been reported and assessed.

12. Administrative and Legal Obligations
12.1 Protocol Amendments and Study Termination

Not Applicable.

13. Plans for Disseminating and Communicating Study Results

Results will be provided to the US FDA. No public disclosure of results is planned.

14. Compensation
Not Applicable
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Appendix A.

List of Stand-alone Documents

No.

Document Reference
Number.

Date

Title

20050103

20050136

20050244

5 May 2008

15 August
2007

7 March
2006

Clinical Trial Protocol -A Randomized,
Double-blind, Multicenter Study of
Denosumab Compared With Zoledronic
Acid (Zometa) in the Treatment of Bone
Metastases in Men with
Hormone-Refractory Prostate Cancer

Clinical Trial Protocol - A Randomized,
Double-Blind, Multicenter Study of
Denosumab Compared With Zoledronic
Acid (Zometa) in the Treatment of Bone
Metastases in Subjects with Advanced

Clinical Trial Protocol - A Randomized,
Double-Blind, Multicenter Study of
Denosumab Compared With Zoledronic
Acid (Zometa) in the Treatment of Bone
Metastases in Subjects with Advanced
Cancer (Excluding Breast and Prostate
Cancer) or Multiple Myeloma

Breast Cancer
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Appendix B. ENCePP Checklist for Study Protocols

European Network of Centres for

Doc.Ref. EMA/540136/2009 Pharmacoepidemiology and
Pharmacovigilance

ENCePP Checklist for Study Protocols (Revision 3)
Adopted by the ENCePP Steering Group on 01/07/2016

The European Network of Centres for Pharmacoepidemiology and Pharmacovigilance
(ENCePP) welcomes innovative designs and new methods of research. This Checklist
has been developed by ENCePP to stimulate consideration of important principles when
designing and writing a pharmacoepidemiological or pharmacovigilance study protocol.
The Checklist is intended to promote the quality of such studies, not their uniformity. The
user is also referred to the ENCePP Guide on Methodological Standards in
Pharmacoepidemiology, which reviews and gives direct electronic access to guidance
for research in pharmacoepidemiology and pharmacovigilance.

For each question of the Checklist, the investigator should indicate whether or not it has
been addressed in the study protocol. If the answer is “Yes”, the section number of the
protocol where this issue has been discussed should be specified. It is possible that
some questions do not apply to a particular study (for example, in the case of an
innovative study design). In this case, the answer ‘N/A’ (Not Applicable) can be checked
and the “Comments” field included for each section should be used to explain why. The
“Comments” field can also be used to elaborate on a “No” answer.

This Checklist should be included as an Annex by marketing authorisation holders when
submitting the protocol of a non-interventional post-authorisation safety study (PASS) to
a regulatory authority (see the Guidance on the format and content of the protocol of
non-interventional post-authorisation safety studies). The Checklist is a supporting
document and does not replace the format of the protocol for PASS as recommended in
the Guidance and Module VIl of the Good pharmacovigilance practices (GVP).

Study title:

Integrated Retrospective Analysis of Metastatic-related and Non metastatic-related Fractures in
Studies 20050136, 20050244, and 20050103.

Study reference number:

20180024
Section 1: Milestones Yes | No | N/A | Section
Number
1.1 Does the protocol specify timelines for
1.1.1 Start of data collection? 6
1.1.2 End of data collection? 6

1.1.3 Study progress report(s)
1.1.4 Interim progress report(s)

OOXKX
Oon
XXOO

! Date from which information on the first study is first recorded in the study dataset or, in the case of
secondary use of data, the date from which data extraction starts.
2 Date from which the analytical dataset is completely available.
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Section 1: Milestones Yes | No | N/A | Section
Number
1.1.5 Registration in the EU PAS register O X | O
1.1.6 Final report of study results. X | OO 6
Comments:
Section 2: Research question Yes | No | N/JA | Section
Number
2.1 Does the formulation of the research question
and objectives clearly explain:
2.1.1 Why the study is conducted? (eg, to X ] ] 7.2
address an important public health concern, a risk
identified in the risk management plan, an emerging
safety issue) |Z |:| |:| 8
2.1.2 The objective(s) of the study?
2.1.3 The target population? (ie, population or
subgroup to whom the study results are intended to be |Z| D D 8
generalised)
2.1.4 Which hypothesis(-es) is (are) to be L] L] i
tested? 1| O X
2.1.5 If applicable, that there is no a priori
hypothesis?
Comments:
Section 3: Study design Yes | No | N/A | Section
Number
3.1 Is the study design described? (e.g. cohort, case- X ] ] 9.1

control, cross-sectional, new or alternative design)

3.2 Does the protocol specify whether the study is
based on primary, secondary or combined X | OO 9.2
data collection?

3.3 Does the protocol specify measures of = ] H

9.3.2
occurrence? (eg, incidence rate, absolute risk)

3.4 Does the protocol specify measure(s) of

association? (eg, relative risk, odds ratio, excess risk, ] X ]
incidence rate ratio, hazard ratio, number needed to harm
(NNH) per year)

3.5 Does the protocol describe the approach for
the collection and reporting of adverse ] ] X

events/adverse reactions? (eg, adverse events that
will not be collected in case of primary data collection)

Comments:
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Section 4: Source and study populations

Yes

4
o

Z
~
>

Section
Number

4.1 Is the source population described?

9.2

4.2 Is the planned study population defined in
terms of:

4.2.1 Study time period?
4.2.2 Age and sex?

4.2.3 Country of origin?
4.2.4 Disease/indication?
4.2.5 Duration of follow-up?

XXOOX XK

OOXXO (O

oood (g

9.2.1

9.2
9.2.1

4.3 Does the protocol define how the study
population will be sampled from the source

population? (eg, event or inclusion/exclusion criteria)

[

[

[

9.2.2.1

Comments:

Section 5: Exposure definition and
measurement

Yes

No

N/A

Section
Number

5.1 Does the protocol describe how the study

exposure is defined and measured? (eg,
operational details for defining and categorising exposure,
measurement of dose and duration of drug exposure)

9.6.2.4

5.2 Does the protocol address the validity of the
exposure measurement? (eg, precision, accuracy,

use of validation sub-study)

5.3 Is exposure classified according to time

windows? (eg, current user, former user, non-use)

9.6.2.4

5.4 Is exposure classified based on biological
mechanism of action and taking into account
the pharmacokinetics and pharmacodynamics

of the drug?

Comments:

Section 6: Outcome definition and
measurement

Yes

No

N/A

Section
Number

6.1 Does the protocol specify the primary and
secondary (if applicable) outcome(s) to be
investigated?

9.6.1

6.2 Does the protocol describe how the outcomes
are defined and measured?

9.6.1

6.3 Does the protocol address the validity of

outcome measurement? (eg, precision, accuracy,
sensitivity, specificity, positive predictive value,

9.6.1

CONFIDENTIAL

AMGEN




Product: Denosumab
Protocol Number: 207180024

Date: 19 June 2018 Page 32 of 35
Section 6: Outcome definition and Yes | No | N/A | Section
measurement Number

prospective or retrospective ascertainment, use of
validation sub-study)

6.4 Does the protocol describe specific endpoints ] ] =

relevant for Health Technology Assessment?
(eg, HRQoL, QALYs, DALYS, health care services
utilisation, burden of disease, disease management)

Comments:
Section 7: Bias Yes | No | N/A | Section
Number
7.1 Does the protocol describe how confounding
will be addressed in the study? [l [l X
7.1.1. Does the protocol address confounding [] [] =
by indication if applicable?
7.2 Does the protocol address:
7.2.1. Selection biases (eg, healthy user bias) ] ] X
7.2.2. Information biases (eg, misclassification of
exposure and endpoints, time-related bias) D D |X|
7.3 Does the protocol address the validity of the ] ] X
study covariates?
Comments:
Section 8: Effect modification Yes | No | N/JA | Section
Number
8.1 Does the protocol address effect modifiers? (eg, | [ ] [] X
collection of data on known effect modifiers, sub-group
analyses, anticipated direction of effect)
Comments:
Section 9: Data sources Yes | No | N/A | Section
Number

9.1 Does the protocol describe the data source(s)
used in the study for the ascertainment of:

9.1.1 Exposure? (eg, pharmacy dispensing, general X ] ] 9.4
practice prescribing, claims data, self-report, face-to-face
interview, etc.)

9.1.2 Outcomes? (eg, clinical records, laboratory
markers or values, claims data, self-report, patient

interview including scales and questionnaires, vital |Z| |:| |:| 9.4
statistics, etc.)

9.1.3 Covariates?

X
[
[

9.4

9.2 Does the protocol describe the information
available from the data source(s) on:
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Section 9: Data sources Yes | No | N/A | Section
Number
8.2.1 Exposure? (eg, date of dispensing, drug X ] ] 9.3
quantity, dose, number of days of supply prescription,
daily dosage, prescriber)
9.3
8.2.2 Outcomes? (eg, date of occurrence, multiple > L] [
event, severity measures related to event)
8.2.3 Covariates? (eg, age, sex, clinical and drug use X [ O 9.3
history, co-morbidity, co-medications, life style, etc.)
9.3 Is a coding system described for:
9.3.3 Exposure? (eg, WHO Drug Dictionary, ] ] X
Anatomical Therapeutic Chemical (ATC)Classification
System)
9.3.2 Outcomes? (eg, International Classification of [] [] 2
Diseases (ICD)-10, Medical Dictionary for Regulatory D D &
Activities (MedDRA))
9.3.3 Covariates?
9.4 Is a linkage method between data sources
described? (eg, based on a unique identifier or other) [] [] X
Comments:
Section 10: Analysis plan Yes | No | N/A | Section
Number
10.1 Is the choice of statistical techniques O (| d 9.6
described?
10.2 Are descriptive analyses included? NN 9.6
10.3 Are stratified analyses included? [ O A
10.4 Does the plan describe methods for adjusting n n X
for confounding?
10.5 Does the plan describe methods for handling 9.6
missing data? L L L '
10.6 Is sample size and/or statistical power ] ] X
estimated?
Comments:
Section 11: Data management and quality Yes | No | N/A | Section
control Number
11.1 Does the protocol provide information on X4 | O 9.4

data storage? (eg, software and IT environment,
database maintenance and anti-fraud protection,
archiving)

11.2 Are methods of quality assurance described? | [] | [ | X
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Section 11: Data management and quality
control

Yes

No

N/A

Section
Number

11.3 Is there a system in place for independent
review of study results?

Comments:

Section 12: Limitations

Yes

No

N/A

Section
Number

12.1 Does the protocol discuss the impact on the
study results of:

12.1.1 Selection bias?

12.1.2 Information bias?

12.1.3 Residual/unmeasured confounding?

(eg, anticipated direction and magnitude of such biases,
validation sub-study, use of validation and external
data, analytical methods)

N

N

XXX

12.2 Does the protocol discuss study feasibility?
(eg, study size, anticipated exposure, duration of follow-

up in a cohort study, patient recruitment)

Comments:

Section 13: Ethical issues

Yes

No

N/A

Section
Number

13.1 Have requirements of Ethics Committee/
Institutional Review Board been described?

13.2 Has any outcome of an ethical review
procedure been addressed?

X

13.3 Have data protection requirements been
described?

Comments:

Section 14: Amendments and deviations

Yes

No

N/A

Section
Number

14.1 Does the protocol include a section to
document amendments and deviations?

5

Comments:

Section 15: Plans for communication of study
results

Yes

No

N/A

Section
Number

15.1 Are plans described for communicating study
results (eg, to regulatory authorities)?

13
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Section 15: Plans for communication of study | Yes | No | N/A | Section
results Number

15.2 Are plans described for disseminating study X | O O 13
results externally, including publication?

Comments:

Name of the main author of the protocol: SEEEEEEEEGEGEGEG
Date: 05/03/2018

Signature: -
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