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1. INFORMATION FROM THE STUDY PROTOCOL
1.1. Introduction and Objectives
1.1.1. Introduction
Osteoporosis is a systemic skeletal disease characterized by low bone mass and 
microarchitectural deterioration of bone tissue which leads to enhanced fragility and 
increased risk of fractures.  The common therapeutic approach is to decrease bone loss with
the use of antiresorptive agents such as estrogens, selective estrogen receptor modulators 
(SERMs) and bisphosphonates.  However, when osteoporosis is severe, these classes of 
pharmacological agents provide only a moderate rate of return of bone mass and take a 
number of years to affect their fracture reduction benefit.  A preferable approach is to more 
rapidly reduce fracture risk by inducing a faster and greater return of bone mass through use 
of bone anabolic agents.  To date, only 1 class of bone anabolic drugs, parathyroid hormones
(PTH) and its analogs have been approved to prevent fractures in postmenopausal women 
with osteoporosis who are at risk of fracture.  Parathyroid hormone-related peptide (PTHrP)
and specifically abaloparatide, an analog of PTHrP, offers a novel and potentially better 
therapeutic option than PTH in this indication based upon its ability to rapidly and 
substantially build high quality bone at both the spine and the hip, the site of the most 
debilitating osteoporotic fractures in elderly women.
1.1.2. Study Objectives
The primary objective of this study is to determine the safety and efficacy of Abaloparatide-
SC 80 μg when compared to placebo for prevention of vertebral fracture in otherwise healthy 
ambulatory postmenopausal women at risk of fracture from severe osteoporosis.  The 
secondary objectives of this study are to determine the efficacy of Abaloparatide-SC 80 μg 
when compared to placebo for prevention of non-vertebral fractures and for additional 
secondary efficacy outcomes (bone mineral density [BMD] of hip, femoral neck and spine)
when compared to teriparatide (Eli Lilly and Co.) and to determine safety (hypercalcemia) 
when compared to teriparatide in otherwise healthy ambulatory postmenopausal women at 
risk of fracture from severe osteoporosis.
The specific objectives of this study are to:

Determine the comparative efficacy of 18 months of treatment with Abaloparatide-
SC 80 μg on reduction of vertebral fracture incidence in otherwise healthy ambulatory 
postmenopausal women at risk of fracture from severe osteoporosis when compared with 
placebo.
Determine the comparative efficacy of 18 months of treatment with Abaloparatide-
SC 80 μg on reduction of non-vertebral fracture incidence in otherwise healthy 
ambulatory postmenopausal women at risk of fracture from severe osteoporosis when 
compared with placebo.
Determine the comparative efficacy of 18 months of treatment with Abaloparatide-
SC 80 μg on total hip, femoral neck, and lumbar spine BMD in otherwise healthy 
ambulatory postmenopausal women with severe osteoporosis when compared to placebo 
and teriparatide.
Determine the overall safety and tolerability of 18 months of treatment with 
Abaloparatide-SC 80 μg, and including specifically the number of patients with 
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hypercalcemic events, in otherwise healthy postmenopausal women with severe 
osteoporosis when compared to teriparatide and placebo.
Provide additional evidence of bone safety through histomorphometric assessment of 
bone biopsy samples in a subset of patients from the Abaloparatide-SC 80 μg, placebo,
and teriparatide groups.
Provide additional evidence of renal safety through radiological assessment by computed 
tomography (CT) scan of a subset of patients from the Abaloparatide-SC 80 μg, placebo,
and teriparatide groups.

1.2. Study Design
1.2.1. Synopsis of Study Design
This comparative Phase III, randomized, double-blind, placebo-controlled, multi-center, 
international study will assess the efficacy and safety of Abaloparatide-SC 80 μg in the 
prevention of fracture in otherwise healthy ambulatory postmenopausal women with severe 
osteoporosis (as defined in the protocol).
The study will consist of a screening period, a pre-treatment period, an 18-month treatment 
period, and a 4-week follow-up period. Approximately 2400 patients will be randomized 
equally to receive 1 of 3 treatments: Abaloparatide-SC 80 μg, a matching placebo, or 
teriparatide 20 μg.
Patients will undergo screening (Visit 1) to determine if their current medical history and 
status is consistent with the criteria for study entrance. In addition, various baseline 
evaluations will be performed to assess the eligibility for study participation. Patients will 
undergo baseline radiographic (lumbar and thoracic spine) and dual energy x-ray
absorptiometry (DXA) (hip and lumbar spine) evaluations. Patients who meet the study 
requirements based upon the screening period assessments will enter the pre-treatment period
where they will begin to receive calcium and Vitamin D supplementation. Radiologic 
eligibility for enrollment will be determined by local interpretation of DXA and X-rays. 
Once the pre-treatment period has been completed the patient will enter the treatment period.
On Day 1 of the treatment period the patient will be randomized and receive their first dose 
of study medication.
Any unexpected clinically significant abnormality that would exclude the patient from 
participation in the study may be retested. Patients who previously screened for this study 
cannot be rescreened and entered into the study other than subsequent to an amendment of 
eligibility criteria. Patients who do not meet the Vitamin D entry criterion may receive 
Vitamin D supplementation and be retested. Similarly, patients with minor elevations of 
PTH may be retested after Vitamin D supplementation. For all patients the maximal interval 
between Visit 1 and Visit 2 can be up to 2 months. All patients enrolled following retesting 
must have safety labs reported within 30 days prior to randomization.
At the pre-treatment visit (Visit 2), patients will undergo baseline efficacy laboratory tests
and training on self-injection with the abaloparatide pen injector device in anticipation of 
treatment assignment.  Teriparatide is a marketed treatment and cannot be re-packaged (and 
consequently blinded); therefore, if the patient is subsequently randomized to teriparatide, 
training will be done with the teriparatide pen after randomization but before the first
injection on Day 1 (Treatment Day 1, Visit 3).
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The treatment period starts on Day 1 (Visit 3) and continues for 18 months (78 weeks).  A
subset of 300 patients per group will have a wrist DXA scan, which will occur after 
randomization to study drug and can occur anytime up to 24 hours after the first injection. A
total of 8 clinic visits are scheduled during the treatment period (Visits 3-9); the final 
treatment period visit will be scheduled to occur 1 day after the last dose of study medication.  
Treatment will be daily, by self-injection.  During the first 30 days of treatment patients will 
record drug dose, site of injection and any local reactions in a patient diary card.
Efficacy assessments will include 1 evaluation by x-ray after 18 months of treatment (end of 
treatment, Visit 9) and evaluations of BMD by DXA after 6, 12, and 18 months of treatment 
(Visits 6, 8, and 9). Serum markers of bone metabolism, abaloparatide antibody, and 
abaloparatide serum levels will also be measured during the treatment period. Additionally, 
a subset of up to 100 patients treated with Abaloparatide-SC , placebo, and teriparatide
will consent and have a bone biopsy performed between Visit 8 and the End of Treatment 
Visit (Visit 9) in order to obtain 75 evaluable biopsies per treatment group. Patients in 
selected centers randomized prior to the effective date of Version 3 of the protocol will 
undergo a renal CT scan at end of treatment (Visit 9). All patients in selected centers with 
the ability to perform a renal CT scan will be asked to have a post-treatment renal CT scan
(Visit 9) and those patients randomized after the effective date of Version 3.0 of the protocol 
will be asked to have both a pre- and post-treatment renal CT scan (Visit 3 and Visit 9).
Local tolerance will again be assessed during a second 30-day period via a patient diary.
This second diary will be provided to the patient either at Month 9 (Visit 7) or will be 
forwarded later by mail, as appropriate, for completion by the patient during the 30 days of 
treatment in Month 11 of treatment.  The diaries will be collected and reviewed with the 
patient for treatment compliance and adverse events (AEs) at the Month 1 (Visit 4) and 
Month 12 (Visit 8) visits.  The patient will also maintain a diary throughout the study to 
record missed doses of study drug (including Vitamin D and calcium) on a weekly basis.
The follow-up period is the 1-month interval after the last dose of study medication during 
which patients are followed for AEs, including clinically significant laboratory abnormalities.  
At the end of the follow-up period, patients will return to the clinic to undergo final study 
assessments (end of study visit; Visit 10). Patients who discontinue from the study prior to 
completing the treatment period will have all end of treatment visit evaluations performed as 
close to the time a patient is permanently discontinued from treatment as possible. If 
possible, an end of study visit should also be scheduled one month after the last dose of study 
medication was administered.
All patients who were randomized to the double-blind treatment of Abaloparatide-SC 80 μg 
or a matching placebo and completed 18 months of treatment will be offered the opportunity 
to participate in the extension study of BA058-05-005 to receive open-label oral alendronate
at a dose of 70 mg once per week for 24 months.
1.2.2. Randomization Methodology
Approximately 2400 patients will be randomized to 1 of 3 treatment arms in a 1:1:1 ratio 
(Abaloparatide-SC, teriparatide, or placebo) on Day 1. A balanced randomized block 
assignment will be utilized to ensure that an approximately equal number of patients are 
assigned to each treatment group after a pre-specified block size has been achieved.
The treatment randomization schedule will be used to produce study medication kit numbers. 
A set of medication kits with consecutive kit numbers will be shipped to each study site for 
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randomization. Once a patient has signed the inform consent with her eligibility to participate 
in the study confirmed, the study site will assign a medication kit in a sequential order to the 
patient. This medication kit along with patient’s demographic data will then be entered by the 
site into the interactive voice/web response (IVR/IWR) system.
Teriparatide will be supplied to the study site in identical outer packaging as Abaloparatide-
SC and placebo, the site will remain blinded until a medication kit (ie, treatment) is assigned, 
the package is opened and its contents are dispensed. Therefore, teriparatide will be blinded 
during the randomization process but not be blinded in study drug administration relative to
the double-blinded treatment of Abaloparatide-SC or placebo.
The population pharmacokinetic (PK) sample timings will be randomized across visits for 
each patient randomized to the double-blinded treatment of either Abaloparatide-SC or 
placebo. No abaloparatide serum levels will be drawn for patients randomized to teriparatide.
No stratification is planned in this study.
1.2.3. Unblinding
Abaloparatide-SC 80 μg and placebo study medications will be prepared in a blinded 
fashion.  The study will not be blinded with regard to teriparatide which is supplied as a
marketed product. However, because teriparatide will be supplied to the site in identical 
outer packaging as Abaloparatide-SC 80 μg and placebo, the site will remain blinded until 
treatment is assigned, the package is opened, and its contents are dispensed.  Therefore, 
teriparatide will not be blinded in use relative to Abaloparatide-SC 80 μg or placebo for the 
clinical site, but all groups will remain blinded for the radiology assessments of the primary 
and secondary endpoints, as well as for the renal CT scan, bone biopsy, and bone markers.
For blinded study medication, breaking the study blind for a patient should be done only in 
the event of a medical emergency where the identity of study medication is necessary to 
appropriately treat the patient.  The Investigator may unblind the patient as to study 
medication through the IVR/IWR system. Unblinding at the end of the study will occur after 
the data cleaning has occurred and the database is locked.
1.2.4. Study Procedures
The schedule of assessments, as outlined in the study protocol, is provided in Table 1.
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Table 1: Schedule of Assessments

Study Period: Screening Pre-
treatment Treatment Follow-up

Visit: 1 2 3 4 5 6 7 8 8RS 9 10
Procedure Study Day/ Month: 1 to 2 

months -7 to -1 D1 1 3 6 9 12 15 18 19

Visit Window (Days): NA NA ± 1 ± 3 ± 7 ± 7 ± 7 ± 14 ± 7 ± 14 ± 3
Informed consent X
Review of entrance criteria X X
Medical history X
Physical examination 1 X X
Vital signs, weight and height measurements 2, 3 X X X3 X3 X3 X3 X3 X3 X X
Electrocardiogram4 X X4 X4 X4 X4 X4 X4 X X
Urinalysis (dipstick) 5,6 X X X X X X X
Chemistry blood collection 6 X X X X X X X X
Hematology blood collection 6 X X X X X X X
Coagulation (PT and PTT) blood collection 6 X X
FSH and serum estradiol 6 X
PTH(1-84) 6 X X X X
25-hydroxy Vitamin D level 6 X X X X X
1,25-dihydroxy Vitamin D level 6 X X X X X
Serum markers of bone metabolism 6, 7 X X X X
Abaloparatide antibody levels 8 X X X X X X
Abaloparatide trough and peak (at randomized time) drug levels 9 X9 X9 X9 X9 X9 X
Calcium (4 hour post-injection) 10 X X X X X X
24-hour urine collection 11 (for Calcium:Creatinine and Creatinine Clearance) X X X X X X X
Clinical and radiologic (spine, lumbar and thoracic vertebrae) fracture assessments X X
Bone mineral density of hip and spine by DXA 12 X X X X
Bone mineral density of wrist by DXA 12 X X X X
Renal CT Scan (in subset of patients)13 X X
Quantitative Bone Histomorphometric Assessment (biopsy in subset of patients) 14 X
Calcium and Vitamin D supplements15 Daily Administration
Injection training for patients 16 X X
Study medication kit assignment via IVRS X
Study medication administration 3 Daily Administration 3

Local tolerance (dermal reactions) assessment 17 X X X X X X X
Patient diary review 18 X X X X X X X
Document adverse events and concomitant medications At any time; question patients at study visits
Drug resupply X
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Table 1:Schedule of Assessments (continued)

1. Interim or symptom directed physical examinations may be conducted at other time points to assess adverse events or clinical laboratory abnormalities.
2. Vital signs (orthostatic blood pressure, pulse rate, body temperature, and respiration rate) are to be recorded at each study visit.

Height is to be measured at Visits 1, 2 and 9.  Height will be measured at Visits 2 and 9 in the standing position using a medical stadiometer.
Weight is to be measured during the Screening Period, at Visit 8, at the end of treatment (Visit 9) and the follow-up visit (Visit 10) only.
Orthostatic blood pressure is to be measured initially after 5 minutes in the supine position and then again after standing for 3 minutes.

3. Study medication injections are to be administered under supervision in the study clinic during scheduled clinic visits.  Assessments of orthostatic blood pressure will be done pre-dose 
and 60 minutes post-dose at Visits 3, 4, 5, 6, 7, and 8.

4. ECGs are to be obtained pre-dose and 1 hour post-dose on Visits 3, 4, 5, 6, 7 and 8.
5. On days of 24-hour urine collection, routine urinalysis will be performed on a sample freshly voided during the clinic visit.
6. These blood and urine samples are to be obtained under fasting conditions (N.P.O. for 8 hours; water is acceptable) in the morning of each scheduled study visit.  They are to be 

collected prior to injection of the study medication during the treatment period.
7. Includes blood samples for PINP, bone-specific alkaline phosphatase, serum osteocalcin and CTX (subset of 600 patients).
8. Any patients who show presence of antibodies at end of treatment (Visit 9) will have these additional time points tested to determine first occurrence of antibody positivity.
9. One peak level is to be drawn per patient per visit at the following varying post-injection times:  10 minutes to 30 minutes; 30 minutes to 1 hour; 1 hour to 2 hours; 2 hours to 3 hours; 3 

hours to 4 hours.  These draw times are to be randomized across Visits 3, 4, 5, 6, and 8. At the end of treatment (Visit 9), only a trough level will be measured.  No abaloparatide serum 
levels will be drawn for patients randomized to teriparatide.

10. These samples are to be drawn post-injection; the patient no longer needs to be fasting.  The patient is to remain near the clinic for the post-injection blood collections.
11. This urine collection will be used for urinary calcium and urinary creatinine measurements.  Patients will discard the 1st void and begin a 24-hour urine collection the day prior to the 

clinic visit.  If a routine urinalysis is to be performed during the clinic visit, a separate sample freshly voided during the clinic visit will be used.
12. DXA is to be performed initially on the hip (femoral neck) and spine (L1-L4) during the Screening visit.  A DXA of the wrist should be performed in a subset of patients on Day 1.  

Each DXA for a given patient must be performed on the same machine, preferably by the same technician.
13. Patients in selected centers enrolled prior to the effective date of Version 3 of the protocol will be asked to undergo a renal CT scan between the End-of-Treatment Visit (Visit 9) and the 

End-of-Study (Visit 10), inclusive.  Patients in selected centers after the effective date of Version 3 of the protocol will be asked to undergo a renal CT scan prior to treatment (between 
Visit 3 and Visit 4, inclusive) and the second between the End-of-Treatment Visit (Visit 9) and the End-of-Treatment Visit (Visit 10), inclusive. 

14. Patients who agree to undergo the quantitative bone histomorphometric assessment will have additional clinic visits scheduled, as required, to prepare for the bone biopsy performed 
between Visit 8 and the End of Treatment Visit (Visit 9).

15. Calcium and Vitamin D supplements begin at the pre-treatment period visit and continue until the end of the treatment period; it will be recommended to patients that they continue 
these supplements through the follow-up visit. A supply of supplements is provided for each patient.  At each study visit, the patient’s supply is to be assessed and the patient resupplied 
as necessary.  Drug usage reconciliation is to be performed when a new supply is provided.

16. All patients will be trained on the use of the abaloparatide/placebo cartridge/pen delivery device at Visit 2; patients who are subsequently randomized to receive teriparatide will be 
trained on the use of the teriparatide pen at Visit 3.

17. The Investigator is to review and assess the injection sites at each treatment period visit.
18. Diaries will be provided to patients to record information regarding study medication injections (date/time/site of injection; local tolerance) for the first 30 days of treatment and for 30 

days prior to Month 12 (Visit 8). In addition, the patient will also maintain a diary throughout the study to summarize all study drug administration on a weekly basis. The diaries are to 
be reviewed with the patient at each study visit.
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1.2.5. Efficacy and Safety Parameters
1.2.5.1. Efficacy Parameters
The presence of existent and new incident vertebral fractures will be evaluated according to the 
method of Genant. Unless otherwise specified, all study endpoints will be analyzed up to the 
end of 18 months of treatment (End-of-Treatment, Visit 9) in this study.  
Primary Efficacy Endpoint

The primary efficacy endpoint will be the percentage of patients with one or more incidents
of new vertebral fracture according to Genant’s method from the baseline spine X-ray 
radiograph until post-baseline spine X-ray (over the study treatment period up to 18 months)
in Abaloparatide-SC-treated patients when compared to placebo. The imaging charter 
describes the adjudication process of the semiquantative (SQ) assessment with the following 
definitions.

o Incident vertebral fractures occur in vertebrae with an increase from baseline in 
SQ score follow-up (post-baseline) visit.

o New incident vertebral fractures occur in vertebrate that are not fractured (ie, SQ 
score of 0) at baseline.

o Worsening incident vertebral fractures occur in vertebrae with prevalent (ie, pre-
existing) fractures at baseline.

Key Secondary Efficacy Endpoint
The time to the first incident non-vertebral fracture (NVF) by the Follow-up Visit (Visit 10).
NVF was source-document verified and adjudicated according to “BA058-05-003 Clinical 
and Non-vertebral Fracture Verification and Adjudication Process.” Non-vertebral fractures
are clinical fractures that
Include:

1. those of the hip, wrist, forearm, shoulder, collar bone, upper arm, ribs, upper leg (not 
hip), knee, lower leg (not knee or ankle), foot, ankle, hand, pelvis (not hip), tailbone 
and other;

2. those associated with low trauma (defined as a fall from standing height or less, or a
fall on stairs, steps or curbs);

3. those associated with minimal or moderate trauma other than a fall;
But exclude:

1. those of the spine;
2. those of the breast bone, knee cap, toes, fingers, skull and facial bones;
3. pathologic fractures;
4. those associated with high trauma (defined as a fall from a height equal to or higher 

than the level of “a stool, chair or first rung of a ladder”);
5. those associated with severe trauma other than a fall.

The definition of NVF is consistent with Cummings et al 2009 and Kreg and Wan 2012. In the 
population under study, NVF can occur and become apparent clinically at any time during the 
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observational period in the study. It is expected that Abaloparatide-SC may reduce the incidence 
of NVF and also delay the onset of NVF. To properly evaluate the treatment effect of 
Abaloparatide-SC based on all the study collected data up to Visit 10 as specified in the study 
protocol, this endpoint has been changed from the incidence of NVF as stated in the protocol to 
the time to the first incidence of NVF by the end of the Follow-Up visit (ie, Visit 10). 
Additional Key Secondary Efficacy Endpoints

The % change from baseline in spine BMD through end of 18-month treatment.
The % change from baseline in total hip BMD through end of 18-month treatment.
The % change from baseline in femoral neck BMD through end of 18-month treatment.

Other Efficacy Endpoints
The change and % change in vertical (standing) height from baseline to end of 18-month 
treatment. Vertical height will be measured in the standing position using a medical 
stadiometer and standardized procedures at each visit.
The severity of incident (new and/or worsening) vertebral fractures over the study treatment 
period up to 18 months in Abaloparatide-SC-treated patients when compared to placebo. 
The severity will be categorized as an increase fr vs. <2 with or 
without prevalent fractures at baseline.
The % change in distal 1/3 radius BMD from baseline through end of 18-month treatment.
The % change in serum N-terminal propeptide of type I procollagen (PINP), bone-specific 
alkaline phosphatase, osteocalcin and C-telopeptides of type 1 collagen crosslinks (CTX).
The incidence of one or more new vertebral fractures over 18 months of treatment in 
teriparatide-treated patients when compared to placebo.

1.2.5.2. Safety Parameters
Safety evaluations will be based on AEs, vital signs, electrocardiograms (ECGs), clinical 
laboratory evaluations (including hematology, serum chemistry, and urinalysis), and 
abaloparatide antibody assessments. In addition, renal safety (as assessed via blood and urine 
studies as well as renal CT in patients at selected centers) and bone histomorphometry (as 
assessed on the basis of iliac bone biopsy) will be assessed in all three treatment groups.
A key safety endpoint will be the assessment of hypercalcemia. The difference in the percentage
of patients with one or more incidents of hypercalcemia over the 18-month treatment by End-of-
Treatment (Visit 9) will be assessed. Hypercalcemia is defined as a serum calcium (albumin-
corrected) ) above the upper limit of normal (=10.4 mg/dL or 2.60 
mmol/L), which results in a serum calcium (albumin-corrected) value mg/dL (or 7
mmol/L with a conversion factor of 4.008).
Hypercalciuria will also be evaluated. Events with a urine calcium:creatinine ratio >400 mg/g 
(or >1.131 mmol/mmol) and a urine calcium:creatinine ratio >300 mg/g (or >0.848 
mmol/mmol) will be assessed by treatment group.
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2. PATIENT ANALYSIS POPULATIONS
2.1. Population Definitions
Eight patient populations will be considered in the statistical analyses of this study.

Intent-to-Treat (ITT) Population: The ITT population includes all patients who were 
randomized into the study by assigning the randomized study medication kit on Day 1. 
Treatment classification will be based on the randomized treatment. The ITT population will 
be the primary population used for all efficacy analyses except for the analyses of vertebral 
fracture that is measured by spine X-ray.
Safety Population: The Safety population is comprised of all patients who received 1 or 
more doses of study medication. Treatment classification will be based on the actual 
treatment dosed. The Safety population is the primary population for all the safety analyses.
Modified Intent-to-Treat (mITT) Population: The mITT population includes all ITT 
patients who have both the pre-treatment and the post-baseline evaluable radiologic 
assessment (spine X-ray). Treatment classification will be based on the randomized 
treatment. Unless otherwise specified, the mITT population will be the primary population 
used for the analyses of vertebral fracture that is measured by spine X-ray.
Per-Protocol (PP) Population: The PP population includes patients in the mITT population 
who complied with treatment and did not have any protocol violations (described in Section 
2.2). Appendix 7.1 shows the algorithm detailing all criteria that will be used to exclude 
patients from the PP population. The PP definition for each patient will be finalized during 
a blind data review meeting before database lock and study unblinding. The PP population 
will be a supportive population for the efficacy analyses.
Bone Metabolism Population: The bone metabolism population will include those patients 
in the Safety population who have baseline and at least one post-baseline biochemical 
marker of bone turnover assessment. The markers of bone formation includes serum N-
terminal propeptide of type I procollagen (PINP), serum bone-specific alkaline phosphatase 
(BSAP) and serum osteocalcin. The bone resorption marker includes serum C-telopeptide of 
type I collagen crosslinks (CTX). According to the protocol, this population will have 
approximately 600 patients (approximately 200 per treatment group) who completed the 
study.
Bone Biopsy Population: The bone biopsy population will include those patients in the 
Safety population who have at least one bone biopsy assessment. This population will have 
about 100 patients in total.
Renal CT Scan Population: The renal CT scan population will include those patients in the 
Safety population from selected centers enrolled prior to Version 3 of the protocol that 
undergo a single renal CT scan between the End-of-Treatment Visit (Visit 9) and the End-
of-Study Visit (Visit 10) and those enrolled post Version 3 of the protocol that undergo two 
renal CT scans with one at pre-treatment between Visit 3 and Visit 4 and the other one at 
post-baseline between Visit 9 and Visit 10.
Antibody Population: The antibody population will include those patients in the safety 
population who have at least one anti-abaloparatide antibody assessment.
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2.2. Protocol Deviation and Protocol Violation
A protocol deviation is defined as a deviation from the protocol that does not impose added risk 
to the study data or the study subject.
A protocol violation is defined as a deviation from basic requirements of the study protocol, 
including inclusion and exclusion criteria, concomitant medication restrictions, or any protocol 
requirements that result in a significant added risk to the study subject or has an impact on the 
quality of the data collected or the outcome of the study.
Appendix 7.1 describes the process and the algorithm to determine protocol violations. Patients 
who had one or more protocol violations will be excluded from the PP population.
Protocol deviations and protocol violations will be presented in a data listing.
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3. GENERAL STATISTICAL METHODS
3.1. Sample Size Planned and Specified in the Protocol
According to the protocol, a sample size of 622 patients per treatment group provides 90% 
power at a two-sided alpha of 0.05 to detect a difference of 4% between treatments, assuming a 
vertebral fracture rate of 7% in placebo patients and 3% in Abaloparatide-SC-treated patients 
when the large scale approximation of the binomial method is employed.  This superiority 
assessment infers a relative risk reduction of 57% and presupposes the availability of a 
pretreatment and post-treatment radiological assessment.  This analysis population would 
therefore be considered a modified ITT and will be used as the primary analysis population for 
this study.  To ensure an analysis size of 622 patients, an overall sample size of 800 patients per 
treatment arm will be recruited, anticipating that approximately 20% of patients may not have a 
second evaluable X-ray film available for analysis.  Should the projected fracture rate of 7% in 
placebo patients not be achieved, the sample size retains greater than 90% power at an alpha of 
0.05 to detect a 4% difference between treatments based on placebo fracture incidence of 6% or
5%.
For statistically-powered secondary endpoint assessments, the sample size will have more than 
90% power at a two-sided alpha of 0.05 to detect a 1.15 percent difference between 
abaloparatide and teriparatide for spinal BMD based on a superiority hypothesis.  Similarly, for 
total analyzable hip BMD, the sample size will provide more than 90% power at a two-sided 
alpha of 0.05 to detect a 2.45 percent difference between abaloparatide and teriparatide 
treatment effect and to detect a 2.00 percent difference between abaloparatide and teriparatide 
for femoral neck BMD based on the same hypothesis.
For differences in the number of patients in the abaloparatide and teriparatide treatment groups 
reporting one or more events of hypercalcemia, both above the upper limit of normal and at a 
value of 0.3 mg/mL above the upper limit of normal mg/dL or 

7 mmol/L with a conversion factor of 4.008), the medically significant elevation, the study 
sample size will also provide more than 90% power to detect such a difference using a two-
sided alpha of 0.05.
3.2. General Methods
In general, tables will be presented by treatment group (placebo, Abaloparatide-SC and
teriparatide).  For categorical data, summary tabulations of the number and percentage of
patients within each category of the parameter will be presented. Wilson’s Score method will 
be used to produce 95% CIs for a proportion (Wilson, 1927). For continuous data, the number 
of patients, mean, median, standard deviation (SD), minimum, interquartile range (Q1 and Q3), 
maximum, and 95% CI for the mean will be presented. When tabulating categorical data, 
“missing” will be included as a category and the number of patients with missing data will be 
presented.  However, the number of patients with missing data will be excluded from the 
denominator for the percentage calculation.
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The format of summary statistics in tables will be as follows, unless otherwise noted:
Categorical data n (%)

95% CI (optional for dichotomous variables only)
Continuous data N

Mean (SD)
Median
Q1, Q3
Min, Max
95% CI (optional)

All data listings that contain an evaluation date will contain a relative study day.  Screening, 
pre-treatment and on-treatment study days are numbered relative to the day of the first dose of 
study medication which is designated as Day 1.  The preceding day is Day -1, the day before 
that is Day -2, etc. For events occurring post the last dose of study medication, the relative day 
will be calculated as days post last dose of study medication, and will be denoted with a “P” 
next to the relative day.
All summary tables will be produced as Microsoft Word .RTF files, and data listings will be 
produced as Microsoft Word RTF files, sorted and labeled according to the International 
Conference on Harmonization (ICH) recommendations and formatted to the appropriate page 
size(s).
3.3. Computing Environment
All descriptive statistical analyses will be performed using SAS statistical software Version 9.3
or later version, unless otherwise noted.  Medical history and AEs will be coded using the 
Medical Dictionary for Regulatory Activities (MedDRA), Version 13.1. Concomitant 
medications will be coded using the World Health Organization Drug Reference List (WHO-
DRL), Version December 2011.
3.4. Baseline Definitions
Unless otherwise specified, the result from the final assessment made before or at the initiation 
of the study drug administration will be used as baseline. If post-baseline assessments are 
repeated or unscheduled, unless otherwise specified, the non-missing values from the first 
assessment will be used for generating summary statistics.
3.5. Data Pooling
Data from all sites and countries will be pooled together for all analyses unless otherwise 
specified.
3.6. Adjustments for Covariates
If applicable, adjustments for covariates may be employed in Analysis of Covariance 
(ANCOVA) and Mixed-Effect Model for Repeated Measures (MMRM) analyses.  Any 
adjustments will be pre-specified in the description of the analysis (Section 4).
3.7. Fixed-sequence Tests of the Primary and the Secondary Efficacy 

Endpoints for Multiple Comparisons
Following the test of the primary efficacy endpoint of vertebral fracture, a hierarchical approach 
will be employed to properly control the overall type-I error rate at the 2-sided significance level 
of 5% for testing the multiple hypotheses on the secondary efficacy endpoints of non-vertebral 
fracture and BMD for the efficacy of Abaloparatide-SC.
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To claim statistical significance at the 2-sided level of 5%, the following 9 fixed-sequence tests
will be performed in a sequential order. Each of the tests will be sequentially performed at the 
2-sided significance level of 5% to claim statistical significance. At any step of the sequential 
testing, if the treatment difference is not statistically significant at the 5% level then all the 
subsequent comparisons following the fixed sequence cannot be claimed statistically significant. 
The p-values for the subsequent comparisons will be generated as nominal for exploratory 
purposes.
1. Vertebral fracture, Abaloparatide-SC vs. placebo
2. BMD - total hip, Abaloparatide-SC vs. placebo at 18 month (comparisons at 6 and 12 

months are exploratory)
3. BMD - femoral neck, Abaloparatide-SC vs. placebo at 18 month (comparisons at 6 and 12 

months are exploratory)
4. BMD - lumbar spine, Abaloparatide-SC vs. placebo at 18 month (comparisons at 6 and 12 

months are exploratory)
5. NVF, Abaloparatide-SC vs. placebo
6. BMD - total hip, Abaloparatide-SC vs. teriparatide at 6 month (comparisons at 12 and 18 

months are exploratory)
7. BMD - femoral neck, Abaloparatide-SC vs. teriparatide at 6 month (comparisons at 12 and 

18 months are exploratory)
8. NVF, Abaloparatide-SC vs. teriparatide
9. BMD - lumbar spine, Abaloparatide-SC vs. teriparatide at 6 month (comparisons at 12 and 

18 months are exploratory)
The Fisher’s exact test will be used to evaluate the treatment difference in the incidence of new 
vertebral fracture using the mITT population (Section 4.3.1). The log-rank test will be used to 
assess the time to first incident NVF using the ITT population (Section 4.3.2). The ANCOVA
model with LOCF for each anatomical BMD will be used to test the treatment difference at each
of the 3 visits (6 month, 12 month and 18 month) using the ITT population (Section 4.3.2).
P-values for treatment comparisons of all other efficacy endpoints or of all other time points will 
be generated to support the study findings for exploratory purposes without fixed testing 
procedures or multiplicity adjustment.
3.8. Subgroups
The following subgroups will be created for use in selected data analyses.  Section 4 will 
describe the specific analyses to be performed by each subgroup.

Age (<65, 65 to <75 75 years old)
Years since menopause (<15, 15 to <
Race (White, Black/African-American, Asian, Other)
Region (North America, South America, Europe, Asia)
Any prior fracture (yes, no)
Any prior vertebral facture (yes, no)
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Any prior non-vertebral fracture (yes, no)
Prevalence of vertebral fracture 2)
Severe disease (least BMD T-score -2.5 and prevalent vertebral fracture) at baseline 
(yes, no)
Lumbar Spine BMD T- -2.5, >-2.5)
Lumbar Spine BMD T- -3.0, >-3.0)
Total hip BMD T- -2.5, >-2.5)
Total hip BMD T- -3.0, >-3.0)
Femoral neck BMD T- -2.5, >-2.5)
Femoral neck BMD T- -3.0, >-3.0)

3.9. Withdrawals, Dropouts, Loss to Follow-up
Patients who are withdrawn or discontinue from the study will not be replaced.
3.10. Missing, Unused, and Spurious Data
Imputations of values for missing data for the primary and secondary efficacy endpoints are 
described in Section 4.3.1 and Section 4.3.2, respectively.
All available data will be included in data listings.
Unless otherwise specified, missing dates for onset of AEs and start of concomitant medications
will be handled according to the Missing Date Imputation Convention in Appendix 7.2.
In the event that incorrect data are discovered after database lock, the Sponsor will be consulted 
as to whether the data need to be corrected in the analysis. Only instances where the data are 
obviously incorrect would qualify for such a situation. In cases where the Sponsor decides that 
data need to be corrected, these data will be recorded in a log along with any action taken to 
remedy the situation and the Sponsor will provide final approval of the log. And the log with 
the approval will be documented as a note to file and saved in the Trial Master File.
3.11. Visit Windows
Unless otherwise specified, data will not be analyzed using visit windows; instead, the nominal 
visit will be used. Deviations from protocol-specified visit windows will be recorded and 
displayed in a data listing.
Only the BA058-05-003 study data will be analyzed in this SAP. The extension BA058-05-005
study data will be analyzed in a separate SAP. All data in the 005 study will be excluded from 
the analysis of the 003 study. Unless otherwise specified, the cutoff criterion between the 003
and the 005 studies will use the nominal visit based on the following rules.

If a patient was not enrolled in the 005 study, all data collected for this patient will be 
considered part of the 003 study.
If a patient was enrolled in the 005 study, all data collected for this patient up to the 
Follow-up visit (Visit 10) will be considered part of the 003 study. All data collected
post Visit 10 will be considered as part of the 005 study and therefore will be excluded 
from the analysis of the 003 study. For data points (eg, adverse event and concomitant 



Radius Health, Inc. Statistical Analysis Plan (BA058-05-003) 
Abaloparatide-SC Version 3.0 (Amendment) (29 May 2015)

Page 22 CONFIDENTIAL

medication) without a nominal visit, those data with start dates prior to the 005
enrollment date will be included in the 003 analyses.
Visit 10 is the Follow-up visit in 003 and also the Baseline in 005. Thus, data from Visit 
10 will be included in both studies.

3.12. Interim Efficacy Analyses
No interim analysis for efficacy is planned for this study.
A Data Safety Monitoring Board (DSMB) will be utilized periodically throughout the study to 
monitor patient safety, data quality and study progress. The DSMB will meet quarterly or as 
necessary until last patient completes the last study visit. Only safety data will be presented to 
the DSMB. No radiological data will be available for DSMB review prior to study completion.  
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4. STUDY ANALYSES
4.1. Patient Disposition
Patient disposition will be tabulated by treatment group including the number screened, the 
number randomized, the number treated, the number in each patient population for data 
analysis, the number who completed the study (ie, 18 months of treatment), the number who 
discontinued the study as well as the primary termination reasons as recorded in the eCRF, the 
number who entered the extension study (BA058-05-005), the number who withdrew prior to 
completing the study and reason(s) for withdrawal.
The total number of patients enrolled will be tabulated by continent, country, site, and treatment 
group.
A by-patient data listing of study completion information including the primary reason for 
premature study withdrawal (including study medication discontinuation) as recorded in the 
eCRF, if applicable, will be presented.
4.2. Demographics and Baseline Characteristics
Demographics and baseline characteristics will be summarized and presented by treatment 
group.  Age and the number of years since menopause will be calculated as of the date of 
randomization into the study.  Age, years since menopause, height, weight, and body mass index 
(BMI) will be summarized using descriptive statistics (number of patients, mean, SD, median, 
interquartile range, minimum and maximum).  The number and percentage of patients in each 
ethnicity and race category will also be presented.
The amount of caffeine, alcohol, and tobacco use at baseline will be summarized by treatment 
group.  The proportion of patients who smoked cigarettes/tobacco in the last 5 years (yes/ no) 
and the proportion of patients who consume 3 or more alcoholic drinks per day on average will 
be summarized across the 3 treatment groups. The FRAX® (Kanis, 2000) may be calculated for 
exploratory purposes. 
Medical history will be presented by MedDRA system organ class (SOC), preferred term (PT),
and treatment group, summarizing the proportion of patients in each treatment group who have a 
condition noted.
Results from the baseline physical examination will be summarized by body system as recorded 
in the eCRF and treatment group.  
Baseline and post-baseline vertebral fractures and BMD will be analyzed using the X-ray and 
DXA data centrally read by BioClinica-Synarc. However, vertebral fractures evaluated locally 
by the site investigators at Visit 1 and clinical fractures that occurred prior to Visit 3 will be 
considered in the history of fractures. History of fracture and fracture location will be 
summarized by treatment group.
Vital signs and ECG results at baseline will be summarized using descriptive statistics by 
treatment group.
All analyses described in this section will be performed on the ITT population, and repeated for 
the Safety, mITT, and PP populations.
Additionally, demographic data will be tabulated by all subgroups listed in Section 3.8 using the 
ITT and the mITT populations.



Radius Health, Inc. Statistical Analysis Plan (BA058-05-003) 
Abaloparatide-SC Version 3.0 (Amendment) (29 May 2015)

Page 24 CONFIDENTIAL

Demographics of screen failures will also be summarized descriptively by study site. Age for 
screen failures will be calculated as of the date of signing the informed consent.
All patient data collected for demographics, baseline substance use, and medical history will be 
presented in data listings.
4.3. Efficacy Analyses
4.3.1. Primary Efficacy Endpoint
The primary efficacy endpoint is defined in Section 1.2.5.1 as the percentage of patients with 
one or more incidents of new vertebral fracture according to Genant’s method from the baseline 
spine X-ray radiograph until post-baseline spine X-ray (over the study treatment period up to 18 
months) in Abaloparatide-SC-treated patients when compared to placebo. All scheduled (at 
Visit 1 and Visit 9) and unscheduled (eg, at early termination) X-ray adjudicated by BioClinica-
Synarc will be used for this analysis.
The primary efficacy endpoint comparison will be performed using the mITT population.  The 
percentage of patients who had one or more new vertebral fractures and 95% CI will be 
provided for each treatment group using the Wilson’s score method. The Fisher’s exact test will 
be used to compare the two treatment groups with respect to the primary efficacy endpoint. The 
absolute risk reduction with its corresponding 95% CI for the treatment difference will be 
derived using Newcombe 1998 as the primary method. For exploratory purposes, the relative 
risk reduction with its 95% CI will also be produced using the Wald method.
The comparison in the primary efficacy endpoint between the Abaloparatide-SC and the 
teriparatide groups will be descriptive.
The primary efficacy analysis will also be presented for patients in the PP population to support 
the findings from the mITT population.
Subgroup analyses will be performed on the primary efficacy endpoint between the 
Abaloparatide-SC and placebo groups using the mITT population for each of the subgroups 
defined in Section 3.8. Relative risk ratio and 95% CI for the treatment difference in the 
primary efficacy endpoint will be presented for each subgroup. The results of all the subgroup 
analyses will be presented using a Forest plot. A logistic regression, including effects of 
treatment, baseline T-score (as a continuous variable) and treatment by baseline T-score 
interaction may be used to explore the potential interaction effect. This model will be repeated 
for each anatomical location (spine, total hip and femoral neck) as described above.
If applicable, the incidence of two or more incident vertebral fractures up to the 18-month 
treatment period will be explored using the same statistical methodology. Also, the percentage 
of patients with one or more incidents of new and/or worsening vertebral fracture will be 
presented to support the primary efficacy endpoint.
Sensitivity Analysis on the Primary Efficacy Endpoint
A sensitivity analysis on the primary efficacy endpoint will be performed using the ITT 
population by including those patients who were excluded from the mITT populations. A
multiple imputation (MI) method will be used to assess the sensitivity of the primary efficacy 
analysis results that were based on the mITT population, excluding those patients who have no
post-baseline X-ray measurement from the ITT population.
A logistic regression model will be used to impute those missing primary efficacy results for 
those ITT patients who are excluded from the mITT population. The covariates in the logistic 
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regression model will include age at randomization, years since menopause, number of vertebral 
fractures at baseline, worst severity of vertebral fracture at baseline, duration of study drug 
administration, BMI at last follow-up and BMD T-scores of spine and femoral neck measured at 
the last follow-up visit. Treatment group will not be included in the model. This imputation 
approach assumes that those subjects excluded from the mITT population are missing at random 
(MAR) in the sense of Rubin (Rubin, 1976). A set of 5 imputed datasets will be generated from 
the multiple imputation procedure to characterize the uncertainty of the primary outcome 
variable. Treatment comparison based on each of the 5 imputed datasets will be analyzed in the 
same manner as the primary efficacy analysis. Results from the 5 imputed datasets will be
combined to produce the final inferential results (Rubin, 1976).
4.3.2. Secondary Efficacy Endpoints

Key Secondary Efficacy Endpoint: Non-vertebral fracture (NVF)
In the population under study, NVF can occur and become apparent clinically at any time during 
the observational period in the study. It is expected that Abaloparatide-SC could reduce the 
incidence of NVF and also delay the onset of NVF. To properly evaluate the treatment 
difference in both the incidence and the time-to-event perspectives, the statistical method to 
analyze NVF has been changed from the planned analysis in the protocol by using (a) the log-
rank test for the inferential statistics and (b) the Kaplan-Meier method for estimates of event 
rates. To make full use of all collected data as designed by the protocol, the analysis of NVF 
will use all data collected by the end of the Follow-Up visit (ie, Visit 10) in the study.
Duration in days from the randomization to the first incidence of non-vertebral fracture will be 
derived. If a patient does not experience any non-vertebral fracture over the 18 months of 
treatment plus the 30-day follow-up (for a total of 19 months), this patient will be considered 
censored at the last known day (based on the eCRF) in the study up to the Follow-up Visit (Visit 
10).
The log-rank test will be the primary analysis method to compare the difference in time to first 
non-vertebral fracture between the Abaloparatide-SC and the placebo groups using the ITT 
population. The Cox proportional hazard model will be used to calculate the hazard ratio (95% 
CI) of incident non-vertebral fractures between the two treatment groups. The Kaplan-Meier
curve will be generated to graphically display the data and also the incidence rates will be 
estimated using the Kaplan-Meier method at 19 months (Visit 10).
For data display, the Kaplan-Meier curve for the teriparatide group will be added to the plot of 
Abaloparatide-SC vs. placebo. The p-value from the logrank test comparing Abaloparatide-SC
vs. teriparatide will be derived.
Subgroup analyses will be performed on this key secondary endpoint of NVF between the 
Abaloparatide-SC and placebo groups using the ITT population for each of the subgroups 
defined in Section 3.8. The results of hazard ratios (95% CI) from the subgroup analyses will be 
presented using a Forest plot. A Cox proportional hazard model, including effects of treatment, 
baseline T-score (as a continuous variable) and treatment by baseline T-score interaction will be 
used to explore the potential interaction effect. This model will be repeated for each BMD 
location (spine, total hip and femoral neck) as described above.
Crude incidence rate of NVF in the ITT population will be summarized descriptively by fracture 
location (hip, wrist, leg, etc.) and overall for all the 3 treatment groups.
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For exploratory purposes, crude incidence rate, Kaplan-Meier estimates at 19 months, hazard 
ratio (95% CI), Kaplan-Meier curves and p-values from the log-rank test for the pairwise
comparisons of the three treatment groups (Abaloparatide-SC vs. placebo, Abaloparatide-SC vs.
teriparatide and teriparatide vs. placebo) will be generated using the ITT population separately 
for each of the following time-to-event variables.

o time to first clinical fracture;
o time to first non-vertebral fracture as defined in Section 1.2.5.1 but including any 

level of trauma;
o time to first hip fracture;
o time to first clinical spine fracture;
o time to first wrist fracture;
o time to first other clinical fracture (excluding hip, spine and wrist).

In addition, time to first clinical major osteoporotic fracture will be explored as well. Clinical 
major osteoporotic fractures will include those clinical fractures of the upper arm, the forearm, 
the wrist, the hip, the shoulder and/or the spine, according to the WHO (World Health 
Organization, 2007), the NOF (National Osteoporosis Foundation, 2010) and Unnanuntana A et 
al, 2010.
The analysis of NVF will also be performed using the PP population to support the findings
from the ITT population.
To support the log-rank test results, the percentage of patients with one or more incidents of 
NVF over the 18 months of treatment plus the 30-day follow-up (for a total of 19 months) will 
also be compared between the treatment groups (Abaloparatide-SC vs. placebo, Abaloparatide-
SC vs. teriparatide and teriparatide vs. placebo) using the Chi-square test based on the ITT 
population. The absolute risk reduction with its corresponding 95% CI for the treatment 
difference will be derived using Newcombe 1998 and the relative risk reduction with its 95% CI 
will be produced using the Wald method.
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Additional Key Secondary Efficacy Endpoint: Bone Mineral Density (BMD)
The primary population for the analysis of BMD data will be the ITT population for those 
patients who have baseline and at least one post-baseline BMD data. BMD will be measured at 
3 post-baseline visits (6, 12 and 18 month). The by-visit analysis of BMD will be based on the 
nominal visit. For patients who were prematurely discontinued from the study, the BMD 
measured at the end of termination (ET) will be assigned to the next upcoming nominal visit.
Repeat BMD measurements will be excluded from this analysis because they were collected to 
confirm whether BMD was deteriorated during the study conduct. To handle missing post-
baseline BMD data, the method of last observation carried forward (LOCF) will be used to 
impute missing data. The analysis of covariance (ANCOVA) model will be used to compare 
treatment groups for the percent change from baseline in BMD with missing imputation based 
on LOCF. The ANCOVA model with LOCF will be considered as the primary analysis method 
for the key secondary efficacy endpoint of BMD. The treatment comparison will be derived by 
testing the contrast (difference in least squares mean) between the two treatment groups at each 
scheduled study visit (month 6, month 12 and month 18).
Missing imputation based on the LOCF method will be performed as follows.

1. If baseline BMD is missing, no imputation for post-baseline value will be done and this 
patient’s data will be excluded from the analysis.

2. If baseline BMD is observed, missing post-baseline BMD will be imputed by the last 
observed value. That is, 
a. If a value is missing at Month 6, the Month 6 value will be imputed by the last value 

observed at any time (could be a repeat or unscheduled value) between baseline and 
Month 6.

b. If a value is missing at Month 12, the Month 12 value will be imputed by the last 
value observed at any time (could be a repeat or unscheduled value) between 
baseline and Month 12.

c. If a value is missing at Month 18, the Month 18 value will be imputed by the last 
value observed at any time (could be a repeat or unscheduled value) between 
baseline and Month 18.

The Mixed-Effect Model Repeated Measure (MMRM) model will also be used for the 
sensitivity analysis to support the results of the ANCOVA model with LOCF as well as 
evaluating the impact of missing data. Imputation for individual missing data is not necessary 
for the MMRM model because the model uses a restricted maximum likelihood (REML) based 
on the repeated-measures approach.
According to the Charter For Independent Imaging Assessment (DXA, X-ray and CT), all BMD 
measurements will be centrally read by BioClinica-Synarc and corrected for:

longitudinal correction for variations (calibration of each DXA scanner);
site-related differences in BMD (cross-calibration of DXA scanners);
machine equivalence (DXA scanner hardware upgrades).

The Synarc corrected BMD will be used to derive percent (%) change from baseline in BMD.
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The % change from baseline in the Synarc-corrected BMD will be the dependent variable for 
the ANCOVA model with LOCF and the MMRM model. Each of the models will include fixed 
effects (including DXA instrument manufacturer [Hologic vs Lunar Prodigy], treatment, visit 
and treatment-by-visit interaction) and fixed covariate (including baseline BMD). For each 
treatment comparison, the ANCOVA model with LOCF and the MMRM model will be 
constructed and generated only based on the data from the two treatment groups that are to be 
compared. 
For the MMRM model, an unstructured variance-covariance matrix shared between the two
treatment groups will be used to model the within-patient errors over the visits. The Kenward-
Roger approximation will be used to estimate denominator degrees of freedom and adjust 
standard errors (Kenward, 1997). Analyses will be implemented using the SAS PROC MIXED
procedure. The treatment comparison will be derived by testing the contrast (difference in least 
squares mean) between the two treatment groups at each scheduled study visit (month 6, month 
12 and month 18).
The analysis of the additional secondary endpoints using the ANCOVA model with LOCF and 
the MMRM model will be repeated using the PP population to support the findings from the 
ITT population.
Percent (%) changes from baseline in spine, total hip and femoral neck BMD will be 
summarized using descriptive statistics by study visit for all the 3 treatment groups. P-values for 
the differences in BMD between treatment groups (pairwise comparison of Abaloparatide-SC
vs. placebo, Abaloparatide-SC vs. teriparatide and teriparatide vs. placebo) at each visit will be 
derived using the contrast statement from the statistical models. All BMD data will be presented 
in by-patient listings.
Mean (±SE) % changes from baseline in spine, total hip and femoral neck BMD will be plotted
by treatment group over time (month/Visit) using the ITT and the PP populations with all 
available data at each visit for each patient population.
All secondary efficacy endpoints will additionally be tabulated descriptively by patient 
subgroups described in Section 3.8.
BMD data were measured by two different DXA manufacturer instruments, Lunar Prodigy and 
Hologic. The primary analysis of BMD is performed using the % change from baseline in BMD
with the effect of machine included in the statistical modeling to account for both manufacture-
calibration and manufacture-specific differences. BMD data may be standardized as described 
in Appendix 7.4 to explore the underlying BMD data at each visit graphically in plots or 
descriptively in summary tables.
In addition, a “responder” analysis will be performed for exploratory purposes. This analysis 
will be based on the ITT population among those patients who have the baseline BMD and also 
the post-baseline BMD at the End of Treatment Visit (Month 18, Visit 9). A patient with a gain 
in BMD can be considered as having an increase in percent change (>0%) of BMD from 
baseline to Month 6 through Month 18 in either spine, femoral neck or total hip. Patients can be
categorized into “Gain at All Sites” for those who had BMD increase at all three sites or “Loss 
at All Sites” for those who had BMD decrease at all three sites. Those “Gain at All Sites” 
patients are considered as responders in this analysis. A patient has to have nonmissing BMD 
results at all three sites to be included in the “all sites” analysis. No imputation to missing data 
will be implemented.
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The following degrees of response will be used to explore the difference in the number (%) of
responders among the three treatment groups.

1. %BMD increase >0% at all three sites;
2. %BMD increase >3% at all three sites;
3. %BMD increase >6% at all three sites.

The Chi-square test will be used to explore the difference in the numbers (%) of responders 
between two treatment groups (Abaloparatide-SC vs. placebo, teriparatide vs. placebo and
Abaloparatide-SC vs. teriparatide) at each visit (month 6, 12, and 18) for each degree of 
response. If the number of responders is less than five in any of the three treatment groups, the 
Fisher’s exact test will be used. No multiplicity adjustment to the p-values for this responder
analysis will be implemented.
4.3.3. Other Efficacy Endpoints

Vertical Height
Vertical height will be measured in the standing position at the pre-treatment (Visit 2) and End-
of-Treatment (Visit 9) visits using a medical stadiometer and standardized procedures each time. 
Absolute and % change from Visit 2 (baseline) in height to Visit 9 will be summarized using 
descriptive statistics by treatment group. P-values for the difference in % change in height from 
Visit 2 to Visit 9 between treatment groups (Abaloparatide-SC vs. placebo, Abaloparatide-SC
vs. teriparatide and teriparatide vs. placebo) will be derived using the ANCOVA model with 
baseline height as the covariate and treatment group as the fixed effect.
The primary analysis of vertical height will be based on the ITT population and repeated using 
the PP population.

Severity of Incident Vertebral Fracture
The difference in severe vertebral fracture (an increase in SQ vs. <2) of incident (new 
or worsening) vertebral fractures in Abaloparatide-SC-treated patients by the end of 18 months 
of treatment when compared to placebo will be tested via the Cochran-Mantel-Haenszel row 
mean test using modified RIDIT scores. This analysis will be performed using the mITT 
population. P-values for the difference in severity (SQ grade) of new incident vertebral fractures 
over the 18 months of treatment between treatment groups (Abaloparatide-SC vs. teriparatide 
and teriparatide vs. placebo) will be derived to explore the strength of data findings.

Distal Radius BMD
Distal 1/3 radius BMD data will be analyzed in the same manner as the spine and hip BMD data 
in Section 4.3.2. Pairwise comparisons of treatment differences (Abaloparatide-SC vs. placebo, 
teriparatide vs. placebo and Abaloparatide-SC vs. teriparatide) in distal radius BMD at each 
study visit will be performed using the ANCOVA model with LOCF for the primary analysis 
and the MMRM approach for the sensitivity analysis. Mean (±SE) % changes from baseline in 
1/3 distal radius BMD will be plotted by treatment group over time (month/Visit).
In addition, ultra distal radius BMD and toal distal radius BMD will be explored in the same 
fashion.
The primary analysis of distal radius BMD will be based on the ITT population and repeated 
using the PP population.

Biochemical Markers of Bone Turnover
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The bone formation markers, including serum PINP, serum BSAP and serum osteocalcin, and 
the bone resorption marker, CTX, will be analyzed based on the ratio of the post-baseline value 
relative to the baseline at each visit (6, 12 and 18 month) using a loge transformation. These
analyses will be done using the Bone Metabolism Population for those patients (about 600 with 
approximately 200 per treatment group) who were randomly selected to have blood samples 
drawn for biochemical markers of bone turnover.
The transformation of loge ratio of post-baseline vs. baseline value at each visit (derived by 
dividing the post-baseline value by the baseline value and then applying the loge 
transformation) will be used to normalize the distribution of the biochemical marker parameters. 
Each of the biochemical markers will be analyzed using the MMRM approach as described in 
Section 4.3.2. The relative treatment effect defined as the exponential of the least square mean 
difference in loge ratio between two treatment groups at each visit will be presented along with 
its 95% confidence interval.
Geometric mean (±SE) values and mean (±SE) absolute and geometric value relative to baseline 
in each of the biochemical markers (serum PINP, BSAP, osteocalcin and CTX) will be tabulated 
using descriptive statistics and plotted by treatment group over time (month/visit) respectively.

Vertebral Fractures (teriparatide vs. placebo)
The number of teriparatide-treated patients showing one or more incidents of new vertebral 
fractures at post-baseline up to the end of 18 months of treatment period when compared to 
placebo will be analyzed in the same manner as the primary efficacy analysis via the Fisher’s 
Exact test for treatment comparison and the Wilson score method for the 95% CI using the 
mITT population.
No sensitivity analysis based on the MI method using the ITT population will be performed for 
this endpoint comparison between teriparatide vs. placebo.
4.3.4. Exploratory Analyses

Biochemical Markers of Cartilage Formation and Degradation
The aim of this exploratory biomarker analysis is to evaluate potentially additionally beneficial 
effects of Abaloparatide-SC on joint cartilage health, focusing on the balance between cartilage 
formation and cartilage degradation. The exploratory biomarker analysis will be described in a
separate document.
Biochemical markers quantifying joint and connective degradation have been found to be 
predictive markers of medical intervention efficacy and patient prognosis in arthritic diseases. 
Specifically, but not limited to, biomarkers of cartilage degradation (C2M, U-CTX-II), cartilage 
formation (ProC2), connective tissue inflammation (C1M, C3M), and bone turnover (CTx-I, 
osteocalcin) measured in serum from a subset of the patients retrieved at the different time 
points may be studied post-hoc in an exploratory manner for evaluation of indication of 
potential clinical benefit in arthritic diseases. In addition, markers of chondrocyte hypertrophy 
(MMP-13 and Collagen type X), and Wnt signaling markers may be explored.
The change in biomarkers will be expressed as percentage change over time, and the level of 
suppression/elevation will be evaluated for each treatment group. The levels of the chronic 
inflammation markers C1M and C3M will be evaluated at baseline to stratify patients with 
higher benefit, if any, on joint health for Abaloparatide-SC.

Trabecular Bone Score
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Trabecular Bone Score (TBS) is a novel grey-scale textural analysis applied to spine DXA 
images that has been shown to correlate with trabecular microarchitecture and bone strength as 
well as fragility fractures of the spine and hip in postmenopausal women independently of BMD 
and other major clinical risk factors. The effects of Abaloparatide-SC on bone quality and 
trabecular microarchitecture as indirectly assessed by TBS may be explored. The analysis of 
TBS will be described in a separate document.
4.4. Population PK and PK/PD Analyses
A population PK analysis will be performed on samples for measurement of serum levels of 
abaloparatide. A PK/PD analysis will also be performed. The analysis plans for the population 
PK and PK/PD modeling will be described in separate documents.
4.5. Safety Analyses
Unless otherwise specified, all safety analyses will be conducted using the Safety population.
Safety evaluations will be based on the incidence, severity, and type of AEs, analysis of vital 
signs, ECGs, and laboratory analysis of chemistry, hematology, coagulation, and urinalysis 
parameters. In addition, study drug exposure and usage of concomitant medications will be 
summarized.
4.5.1. Study Drug Exposure
All doses of study medication are to be self-administered or administered by an individual 
trained in giving the injection (eg, a family member).  Study personnel may administer the 
injection on days of clinic visits. Study drug exposure and study drug compliance to the 
administration will be calculated using the End-of-Study and the Drug Dispensing/Return Log 
and CRF pages as follows.

Overall Duration of Study Drug Exposure (day)
= (Date of last dose – Date of first dose) + 1
Note: If date of last dose is missing, the date of final X-ray will be used.
Number of Doses Delivered (using End-of-Study page)
= Overall Duration of Study Drug Exposure - Number of Days Without Injection
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Total Dose Received (μg)
= Assigned Dose (μg) × Number of Doses Delivered
Percent Compliance (%) to Study Drug Administration
= Number of Doses Delivered / Overall Duration of Study Drug Exposure × 100%

To accurately report protocol violations according to the algorithm in Appendix 7.1, the study 
drug compliance according to the above method using the End-of-Study page for a patient with 
<80% compliance will be confirmed using the Drug Dispensing/Return log page. The number 
of doses delivered will be derived from the following formulae and then used to derive % 
compliance. If the below calculated drug compliance using the drug dispensing/return log 
confirms to be <80%, this patient will be considered as having a protocol violation and thus 
excluded from the Per-Protocol Population.

Number of doses delivered using the Drug Dispensing/Return Log page will be derived
according to the total length of the administered cartridge or pen. The total length of the
double-blind study drug in a cartridge is 45.5 mm, while the total length of the open-label 
teriparatide in a 2.4 mL pen is 37 mm.
o Number of Doses Delivered (using Drug Dispensing/Return Log for Abaloparatide

and placebo)
= (45.5 mm × Number of Cartridges dispensed - Sum of Returned Drug Length) /1.1 mm
o Number of Doses Delivered (using Drug Dispensing/Return Log for teriparatide)
= (37 mm × Number of Pens dispensed - Sum of Returned Drug Length) /1.1 mm

The duration of study medication exposure, total dose received, number of doses delivered and 
percent compliance will be summarized by treatment group. The histogram of the overall 
duration of study medication exposure (days) will also be plotted by treatment group.
4.5.2. Nutritional Supplements Exposure
Patient exposure to Vitamin D and calcium supplements will be tabulated in terms of total 
amount of IU and mg received (equal to total dispenses minus total returns and minus total loss)
and duration of exposure by treatment group.
Dosing information for Vitamin D and calcium supplements will be presented by-patient in a 
data listing.
4.5.3. Adverse Events
The AE analysis window for the BA058-05-003 study will start from the Pretreatment Visit 
(Visit 2) until the follow-up visit (Visit 10) or 33 days (= 30 days + 3 days visit window) after 
the last dose of study medication, whichever comes later. For those patients extended to the 
BA058-05-005 study, the AE analysis window will be up to 33 days post the last dose of the 
003 study drug but prior to the initiation of the 005 study drug. Missing AE dates will be 
handled according to the Missing Date Imputation Convention in Appendix 7.2.
All AEs will be coded into system organ class (SOC) and preferred term (PT) using the 
MedDRA coding system.  Analyses of AEs will be performed for those events that are 
considered to be treatment-emergent adverse events (TEAEs), where treatment-emergent is 
defined as any AE which occurs on or after the day of administration of the first dose of study 
drug, any event that is considered drug-related (the causality was either possible or probable) 
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regardless of the start date of the event, or any event that is present at baseline but worsens in 
severity or is subsequently considered drug-related by the Investigator.
Adverse events are summarized by patient incidence rates; therefore, in any tabulation, a patient 
contributes only once to the count for a given SOC or PT.  For summaries by severity, a patient 
with multiple occurrences will be represented under the most severe occurrence.  For summaries 
by relationship to study drug, a patient with multiple occurrences will be represented under the 
most related occurrence.
The incidence of TEAEs will be summarized by SOC, PT, and treatment group.  This analysis 

5%) TEAEs, severe 
TEAEs, serious AEs (SAEs), AEs leading to study withdrawal, drug-related AEs (with probable 
or possible relationship to study drug), AEs that are not treatment-emergent, and non-serious 
TEAEs.
The incidence of TEAEs by SOC and PT will also be tabulated by maximum severity (mild, 
moderate, or severe).  Patients with multiple occurrences of a single AE will be counted using 
the most severe AE. Similarly, TEAE incidence will be tabulated by relationship to study drug. 
To explore the relationship between AEs and the duration of drug exposure, the incidence of 
TEAEs by time at onset (Month 1, Months 2-5, Months 6-9, Months 10-13 and Months 14-18)
will be summarized by treatment group, SOC and PT.
Those TEAEs associated with the below AEs of special interest will be summarized by 
treatment group.

1. Hypercalcemia;
2. Hypercalciuria;
3. Hypophosphatemia; 
4. Hypersensitivity;
5. Orthostatic hypotension;
6. Renal impairment.

Patient listings will be provided for all AEs by SOC and PT.  Listings will also be produced for 
deaths, SAEs, AEs leading to withdrawal, and severe AEs.
4.5.4. Abaloparatide Antibody
The anti-abaloparatide antibody assessment in the serum level will be categorized by three (3) 
outcomes: 

1. negative
2. positive for anti-abaloparatide antibodies
3. positive for the presence of neutralizing antibodies 

The number (%) of patients in the above three categories of abaloparatide antibodies will be 
summarized at the end of 18-month treatment (Visit 9) for the Abaloparatide-SC group only
using the Antibody Population.
For those patients with a positive antibody presented at Visit 9, the following two subsequent 
analyses will be performed.
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The titer level at Visit 9 will be summarized descriptively.
The time course of the number (%) of patients in each of the above 3 categories for the 
baseline, 6, 12 and 18 month time points will be presented in a bar chart.

If warranted, the relationship between antibody status and safety (AEs) and the relationship 
between antibody status and pharmacodynamics (BMD) will be explored.
All antibody information collected for both the Abaloparatide-SC and placebo groups will be 
presented in a data listing.
The results of antibody analytical analyses will be included in a separate report, and also 
incorporated into the final CSR.
4.5.5. Local Tolerance
The assessment of local tolerance will consist of four (4) types of reaction/response, including 
redness, swelling, pain and tenderness, rated on scales ranging from 0-3. Each injection site will 
be graded twice, 1 hour and 24 hours after the injection was performed and information will be 
recorded by the patient into the patient diary. The assessment of local tolerance will be 
summarized by type of reaction/response, treatment group, month (Month 1 and Month 11) and 
hour (Hour 1 and Hour 24 post injection).  The assessment will consist of the number evaluated 
and the number and percent in each category.
Maximum severity of reactions at post-baseline will be summarized descriptively by treatment 
group. A figure will also be produced to display the maximum severity of each reaction during 
the entire study in a stacked bar chart. For this summary figure, patients that did not have a 
particular reaction will be included in the ‘None’ category.

Redness
0 = none
1 = minimal erythema, barely perceptible
2 = definite erythema, readily visible, less than 1 inch (2.54 cm) in diameter
3 = definite erythema, extensive, greater than 1 inch (2.54 cm) in diameter
Swelling
0 = none
1 = minimal swelling, without elevation
2 = definite swelling, readily visible; elevation less than 1 inch (2.54 cm) in diameter
3 = definite swelling, extensive, greater than 1 inch (2.54 cm) in diameter
Pain
0 = none
1 = minimal pain
2 = moderate pain similar to a paper cut
3 = severe pain, similar to a bee sting
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Tenderness
0 = none
1 = minimal tenderness to touch
2 = moderate tenderness, no withdrawal to touch
3 = severe tenderness, withdraws to touch

All local tolerance information from clinical visits and from patient diaries (month 0-1 and 
month 11-12) will be reported in data listings.
4.5.6. Laboratory Data
Normal values of laboratory parameters for hematology in this study were provided by different 
local laboratories with inconsistent units and normal ranges. Thus all numerical hematology 
values will be converted to the standard international (SI) units and normalized to a standard set 
of reference/normal ranges as described by Chuang-Stein (1992 and 2001). The normalization
process will be performed separately by each of the laboratory parameters as described in 
Appendix 7.5.
Clinical laboratory values will be provided in SI units with values for selected parameters
provided in the conventional units.
Summaries of laboratory data using descriptive statistics by treatment group and study visit will 
be performed, including absolute results and changes from baseline.  This includes chemistry, 
hematology, coagulation, and urinalysis (for quantitative urinalysis assays). In the event of
repeat assessments during a visit time point, the last non-missing value per study day/time will 
be used in the tabulations.  Results from unscheduled visits will not be included in this 
summary.
Shift analyses of laboratory data from baseline to the worst post-baseline value and from 
baseline to the end of study will be performed by treatment group, where the baseline category 
and post-baseline category will be tabulated. Chemistry and hematology parameters will be 
presented by protocol-specified grade, and coagulation, serum markers of bone metabolism, and 
urinalysis will be presented by category (above normal limit, within normal limit, and below 
normal limit). Some hematology and chemistry parameters do not have corresponding grades in 
the protocol; these parameters will not be summarized in the shift tables.  In shift tables, 
percentages will only be calculated based on the number of patients that have valid data for 
baseline and follow-up; no patients who are missing either assessment will be included in the 
percentage calculation (numerator or denominator). Results from unscheduled visits will be 
included in the shift analyses as applicable.
All laboratory data including repeated values and results from unscheduled visits will be 
provided in data listings with indication of higher or lower than the associated normal range of 
each laboratory test.
Clinically Notable Laboratory Values
Values of laboratory tests are considered clinically notable values if they meet the selected 
criteria listed in Table 3 in Appendix 7.3. The number (and percentage) of patients with post-
baseline clinically notable values who do not have clinically notable values at baseline will be 
analyzed using the Safety population. For calculation of the percentages for each lab parameter,
the denominator is based on the number of patients who had no clinically notable values at 
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baseline and had at least one post-baseline assessment for the laboratory parameter being 
1.analyzed. The numerator is based on patients from the denominator who had at least one 
clinically notable value post baseline for the laboratory parameter being analyzed. A supportive 
listing of patients with any clinically notable values will be provided.
Creatinine Clearance and Calcium Excretion
Creatinine clearance will be presented in two ways:

1. Creatinine clearance based on 24 hour urine.
2. The Cockcroft-Gault estimated creatinine clearance:

eCCr (mL/min) = (140 – age) × weight (kg) × constant# / serum creatinine (μmol/L)
constant # = 1.23 for men; 1.04 for women

The urine sample values will be adjusted for the time period for the sample collection to derive 
the urine result that is standardized for a 24-hour period. The 24-hours urine results will 
summarized descriptively by treatment group and study visit. The parameters to be summarized 
include:
1. Urine calcium:creatinine ratio;
2. 24-hour urine calcium excretion (calcium concentration × 24-hour urine volume);
3. 24-hour urine creatinine excretion (creatinine concentration × 24-hour urine volume);
4. Creatinine clearance based on 24 hour urine;
5. Calculated eCCr using the Cockcroft-Gault method.

Hypercalciuria
The number (%) of patients with one or more incidence of the urine calcium:creatinine ratio 
>400mg/g (or >1.131 mmol/mmol) over the 18-month treatment by End-of-Treatment (Visit 9) 
will be summarized descriptively by treatment groups. This analysis will be repeated using the 
urine calcium:creatinine ratio >300mg/g (or >0.848 mmol/mmol).
Hypercalcemia
A key safety endpoint will be the assessment of hypercalcemia.  A hypercalcemic event 
(hypercalcemia) is defined as an elevated serum calcium (albumin-corrected) or 

) above the upper limit of the normal range (ULN). Because the ULN in this 
study is 10.4 mg/dL (or 2.60 mmol/L) so a hypercalcemic event (hypercalcemia) is also defined 
as serum calcium (albumin- 7 mmol/L with a conversion 
factor of 4.008).
The difference in the proportion of the patients with one or more incidence of hypercalcemia at 
any time from the initiation of the study drug administration through End-of-Treatment (Visit 9) 
between the Abaloparatide-SC and the teriparatide groups will be compared using the Chi-
square test. The test will be performed separately to compare Abaloparatide-SC to teriparatide 
and Abaloparatide-SC to placebo, but only the comparison to teriparatide will be considered as
the key safety comparison.
The following variables will be summarized descriptively by treatment group and by sampling
time relative to dosing (ie, pre-dose [ie, 24 hour post the prior injection] and 4 hour post the 
injection).
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Number (%) of patients with at least one hypercalcemic event at each visit and overall;
Number of hypercalcemic events per patient during the overall study period;
The ratio of the total number of hypercalcemic events versus the total number of blood 
samples per patient during the overall study period.

The timepoint of the laboratory sample will be derived by checking against the drug injection 
time to make sure that the lab sample was indeed pre- or post-injection. In case of missing drug 
injection time, the timing of laboratory sample will be determined by the sequence of the time to 
determine whether the sample was pre- or post-injection.
These descriptive summaries will be repeated for each of the following 3 different cutoff levels 
of serum calcium (albumin-corrected).

1. mmol/L);
2. mmol/L 7 mmol/L);
3. mmol/L 4 mmol/L).

Mean (±SE) serum calcium (albumin-adjusted) values will be plotted over study visit by 
treatment group. All serum calcium (albumin-corrected) results will be included in the plot, 
which will indicate the results at pre-dose and 4 hours post-injection at each visit.
The primary analysis of hypercalcemia will be based on the Safety population and repeated 
using the PP population.
The number (%) of patients who discontinued the study due to hypercalcemia or hypercalciuria
according to the rules outlines in Protocol Section 4.5.1 is presented in Patient Disposition
(Section 4.1).
4.5.7. Vital Signs and Physical Examination
The actual value, the change from baseline to the worst post-baseline value and the change from 
baseline to the end of study will be summarized for vital signs by treatment group.
Incidence of post-dose orthostatic hypotension will be summarized by treatment group and time 
point.  Orthostatic hypotension will be defined as a decrease in systolic blood pressure (SBP) of 

mmHg from supine to standing or in diastolic blood pressure (DBP) of mmHg from 
supine to standing.
Vital sign measurements will be presented for each patient in a data listing.
The number and percentage of patients who have clinically notable vital sign values after the
initiation of study drug will be presented by treatment. The criteria for clinically notable vital 
signs are listed in Table 2.

Table 2: Criteria for Clinically Notable Changes in Vital Sings

Variable Criterion
Pulse rate (bpm) >130

<45 
Systolic blood pressure (mmHg) >155 mmHg

<80 mmHg
Diastolic blood pressure (mmHg) >100 mmHg
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Variable Criterion
Body temperature or 

Physical examination results will be summarized by body system, treatment group and study 
visit. Physical examination results at baseline and end of treatment will be presented in a by-
patient data listing.
4.5.8. Electrocardiogram
Electrocardiogram parameters collected at study visits are rhythm, heart rate, PR interval, QRS
duration, QT and QTc (QT corrected by Bazett’s method).  The actual value and change from 
baseline will be summarized for quantitative ECG results descriptively by treatment group, time 
point (pre-dose and 1 hour post-dose) and study visit.  The overall ECG assessments will also be 
summarized categorically (normal, abnormal without clinical significance, and abnormal with 
clinical significance) as a shift table by treatment group for changes from baseline to worst 
value on study and from baseline to the end of study.
All ECG data for each patient will be provided in a data listing.

QT and QTc will be presented by treatment. Shift tables will be provided to compare a patient’s 
baseline QT and QTc using the categoriza
and >48 500 msec, and will be summarized by treatment group. 
Patient listings will also be provided to present each patient’s profile for those patients who have 
any QT or QTc measurement greater than 480 msec and those who have QTc change from 

.
4.5.9. Renal CT Scan
The analysis of renal CT scan will be based on the Renal CT Scan population. Phantom x-rays 
will be used for every scan to enable calibration across patients and sites for quantitative
analyses as necessary. Images will be read and scored centrally.  The number and percentage
(%) of patients with presence of calculi of any detectable size in the renal parenchyma and 
collecting system (eg, calyx, renal pelvis, ureter and bladder) will be summarized by treatment 
group and if data available at pre- and post-baseline. Study drug compliance will be 
summarized by treatment group for the Renal CT Scan population. All renal CT scan data for 
each patient will be provided in a data listing.
4.5.10. Bone Histomorphometry Assessment
About 100 patients in total from the Abaloparatide-SC, placebo and teriparatide groups will 
undergo a bone histomorphometry of the iliac crest as assessed by bone biopsy at end of 
treatment. Results will be supplied from the bone histomorphometry core laboratory.
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Osteoid Volume (OVBV, %)
Osteoid Srfc (OSBS, %)
Mineral apposition rate (MAR, μm/day) 
Bone volume (BVTV, %)
Trabecular Thickness (TbTh, μm)
Trabecular Separation (TbSp, .m)
Eroded (Resorption) Srfc (ESBS, %)
Mean Cortical Thickness (CrTh, %)
Cortical Porosity (CtPor, %)
Presence of Marrow Abnormalities (yes, no)
Presence of Woven Bone (yes, no)
Presence of osteoclasts (yes, no)
Presence of osteoblasts (yes, no)
Presence of Tetracycline Labels (yes, no)
Presence of Excess Unmineralized Osteoid (yes, no)

The measurements above will be summarized by treatment group using descriptive statistics.
Study drug compliance will be summarized by treatment group for the Bone Biopsy population.
Other bone biopsy parameters will be provided in a by-patient data listing.
4.5.11. Concomitant Medications
The concomitant medication analysis window for the BA058-05-003 study will start from the 
Pretreatment Visit (Visit 2) until 30 days after the last dose of study medication. For those 
patients extended to the BA058-05-005 study, the concomitant medication analysis window will 
be up to 33 days (= 30 days + 3 days visit window) post the last dose of the 003 study drug but 
prior to the initiation of the 005 study drug. Missing dates of concomitant medications will be 
handled according to the Missing Date Imputation Convention in Appendix 7.2.
Concomitant medications will be coded using the WHO Drug Dictionary. Results will be 
tabulated by anatomic therapeutic class (ATC), PT, and treatment group. Any medications that 
did not end prior to first dose of study drug will be included in the tabulation of concomitant 
medications.
All medications recorded on the concomitant medications log will be presented in a by-patient
data listing.
Prior medications (those used prior to the initiation of study drug) will also be summarized 
descriptively by ATC, PT and treatment group.
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5. CHANGES FROM THE PROTOCOL
The following clarifications and modifications to the planned analyses in the protocol will 
apply.
1. The ITT population will include all patients who were randomized into the study by 

assigning the randomization study medication kit on Day 1. This is to differentiate the ITT 
population from the Safety population for those patients who were assigned to a randomized 
medication kit but did not administer any of the study medication. The ITT population was 
defined interchangeably with the Safety population in Protocol Section 9.3.1.

2. In consistence with Cummings et al 2009 and Kreg and Wan 2012, the secondary endpoint 
of non-vertebral fractures is defined as clinical fractures that include (1) those of the hip, 
wrist, forearm, shoulder, collar bone, upper arm, ribs, upper leg (not hip), knee, lower leg 
(not knee or ankle), foot, ankle, hand, pelvis (not hip), tailbone and other, (2) those
associated with low trauma (defined as a fall from standing height or less, or a fall on stairs, 
steps or curbs) and (3) those associated with minimal or moderate trauma other than a fall, 
but exclude (1) those of the spine, (2) those of the breast bone, knee cap, toes, fingers, skull 
and facial bones, (3) pathologic fractures, (4) those associated with high trauma (defined as 
a fall from a height equal to or higher than the level of “a stool, chair or first rung of a 
ladder”) and (5) those associated with severe trauma other than a fall. This was not defined 
in Protocol Section 9.5.2.

3. In the population under study, NVF can occur and become clinically apparent at any time 
during the observational period in the study. It is expected that Abaloparatide-SC may 
reduce the incidence of NVF and also delay the onset of NVF. To properly evaluate the 
treatment difference in both the incidence and the time-to-event perspectives, the statistical 
method to analyze the secondary efficacy endpoint of NVF has been changed from the 
planned analysis in the protocol to using (a) the log-rank test for the inferential statistic and 
(b) the Kaplan-Meier method for estimates of event rates. To make full use of all collected 
data based on the intent-to-treat principle, the analysis of NVF will be using all data 
collection by the end of the Follow-Up visit (ie, Visit 10) in the study. This log-rank test will 
be utilized in the planned hierarchical approach. This was not stated in Protocol Section 
9.5.2.

4. Following the primary efficacy analysis, the hierarchical approach to the secondary efficacy 
analyses are provided in this SAP Section 3.7 with full details. The detailed description
fulfills Protocol Section 9.5.2 that states “full details of the inferential analyses and the
hierarchy will be provided in the Statistical Analysis Plan.”

5. The mITT population will be the primary study population to analyze the efficacy analyses 
of new vertebral fracture that is assessed by spine X-ray. Because other efficacy endpoints 
such as BMD were measured by different devices, the mITT population may not be 
applicable for these endpoints. So, the ITT population will be used as the primary study 
population for all other efficacy analyses, including the analyses of continuous variables (eg, 
change in BMD and height). It was stated in Protocol Section 9.5.2 that “analyses of 
continuous variables (eg, change in BMD and height) will be analyzed using the Safety 
Population with last observations carried forward as noted in Section 9.4.”

6. It was stated in Protocol Section 9.5.2 that “analyses of continuous variables (eg, change in 
BMD and height) will be analyzed using the Safety Population with last observations carried 
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forward as noted in Section 9.4.” The Mixed-Effect Model Repeated Measure (MMRM) 
approach will be performed as well for supportive reasons.

7. A responder analysis is added to the analyses of BMD in Section 4.3.2 for exploratory 
purposes.
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7. APPENDICES
7.1. Algorithm to Identify Protocol Violations and to Exclude Patients 

with Protocol Violation(s) from the Per-Protocol (PP) Patient 
Population

A protocol violation is defined in the protocol as a deviation from basic requirements of the 
study protocol, including inclusion and exclusion criteria, concomitant medication restrictions, 
or any protocol requirements that result in a significant added risk to the study subject or has an 
impact on the quality of the data collected or the outcome of the study.
The below algorithm outlines all the criteria of protocol violations that are unacceptable to allow 
a patient to be included in the PP population. A statistical program will be developed to 
implement the algorithm and create a list of protocol violations. This list will be reviewed by the 
Sponsor as a quality assurance process prior to the lock of the clinical database. Patients with 
one or more protocol violations identified in the list will be excluded from the PP population.
1. Violation of patient selection (Inclusion/Exclusion criteria) that are UNACCEPTABLE:

Inclusion #2: Postmenopausal for <5yrs. If menopausal age is 60.
Any exception to Inclusion Criterion #3: Bone Mineral Density (BMD). A BMD T-score 
above the required level.
Any exception to Exclusion Criterion # 1 (History of more than 4 spine fractures, mild 
or moderate, or any severe fractures )
Any exception to Exclusion Criterion # 2 or #3 at baseline (unmeasurable spine and hip 
BMD)
Any exception to Exclusion Criterion # 4, #6 and # 8 or Inclusion Criterion #6 (diseases 
and treatments affecting the bone strength)
Any exception to Exclusion Criterion #16, #17 or #18 (prior treatment with bone active 
agents except for estrogen)
If within 6 months prior to the Screening Period, then more than 5 years of treatment (in 
the preceding 5 years) with phenobarbital, phenytoin, carbamazepine or primidone or 
with chronic heparin.  (Exclusion Criterion #19)
If within 12 months prior to the Screening Period, then more than 1 month of systemic 
corticosteroids. Occasional use of corticosteroids (for seasonal allergies or asthma) is not 
exclusionary (Exclusion Criterion #20)
Any exception to Exclusion Criterion #23

2. Violation of study drug administrations that are UNACCEPTABLE:
The blinding of the study drug was broken
Study drug treatment period is shorter than 3 months (90 days)
Compliance (Section 4.5.1 of this SAP) of study drug administration <80%
Concomitant forbidden medications exclude patients from the Per Protocol population:

o More than 5 years of treatment with phenobarbital, phenytoin, carbamazepine,
primidone or heparin
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o More than 1 month of systemic corticosteroids  
3. Violation of efficacy measurements (X-ray and DXA Scans) that are UNACCEPTABLE:

Spine X-ray is missing at baseline and/or no post baseline scan
Spine BMD is missing at baseline and/or no post baseline scan 

4. Other Major Protocol Violations
Any protocol violation with potential major impact on the efficacy endpoint as found 
during the review of PV reports will exclude patient from the PP population.

Note:
Exclusion from the PP population is based on post-hoc assessment of whether patient’s data 
can determine if study objectives can be met. Therefore, many aspects of the protocol required 
for patient safety are NOT required for defining the PP population. Key safety concern on renal 
calcifications is NOT included because protocol stated “a subset of patients” and did imply use 
renal CT as a requirement for the Per Protocol population (Section 9.3.3). Similarly, bone 
biopsy is NOT included due to the “subset of patients” phrasing of the protocol. Patient Diaries 
are NOT required for the PP population because that data will not be analyzed.
7.2. Missing Date Imputation Convention
1. Adverse event (AE) start (onset) date imputation
AE start (onset) date is separated into 3 different data fields, including day, month and year.
Completely missing AE start date (ie, missing day, missing month and missing year) will not be 
imputed. Partial AE start date will be imputed according to treatment start date as follows in a 
sequential fashion.

If AE year is missing then no imputation
If AE month and day are missing and
o if AE year < Treatment year then AE month/day = ‘01JUL’
o if AE year = Treatment year then AE month/day = treatment start date+1
o if AE year > Treatment year then AE month/day = ’01JAN’
If AE day is missing and
o if AE year < Treatment year then AE day = ‘15’ 
o if AE year = Treatment year and

if AE month < Treatment month then AE day = ‘15’
if AE month = Treatment month then AE date = treatment start date+1
if AE month > Treatment month then AE day = ‘01’

o If AE year > Treatment year then AE day = ‘01’
If AE start date is still missing after imputation and AE end date is non-missing then AE 
start date = AE end date.
If AE start date is still missing then count this AE as a treatment-emergent AE.
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2. Concomitant medication (CM) start date imputation
The CM date is separated into 3 different data fields, including day, month and year. 
Completely missing CM start date (ie, missing day, missing month and missing year) will not be 
imputed. Partial CE start date will be imputed according to treatment start date as follows in a 
sequential fashion.

If CM year is missing then no imputation
If CM month and day are missing and
o if CM year < Treatment year then CM month/day = ‘01JUL’
o if CM year = Treatment year then no imputation
o if CM year > Treatment year then CM month/day = ‘01JAN’
If CM day is missing and
o if CM year < Treatment year then DM day = ‘15’
o if CM year = Treatment year and

if CM month < Treatment month then CM day = ‘15’
if CM month = Treatment month then no imputation
if CM month > Treatment month then CM day = ‘01’

o if CM year > Treatment year then CM day = ‘01’
If CM start date is still missing after imputation and CM end date is non-missing then CM 
start date = CM end date.
If CM start date is still missing then count these CMs as concomitant medications 
on/after treatment.

3. Other date imputations 
Any event with a partial date that requires imputation but has no specific imputation rule will be
imputed as follows:

If the day is missing then impute the day as ‘01’
If the month is missing then impute the month as ‘01JUL’
If the imputation of a start date causes the start date to be post the non-missing end date, 
then the start date will be imputed as the end date.
If the imputation of a start date causes the start date to be prior to the start of treatment 
(but the event should happen post-baseline), then the start date will be imputed as
“treatment start date + 1.”
Any date cannot be imputed post the date of death.  When this happens, the date will be 
imputed as the date of death.
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7.3. Criteria for Clinically Notable Values for Labs and Vital Signs

Table 3: Criteria for Clinically Notable Laboratory Values

Lab Parameter Low High
Hematology

Absolute Eosinophils >5000 cells/mm3

Absolute Lymphocytes 499 cells/mm3

Absolute Neutrophils 999 cells/mm3

Eosinophils (%) >50%
Lymphocytes (%)
Neutrophils (%)
Hemoglobin 9.4 gm/dL (female) 2.1 gm/dL (female)

Platelets 99000 cells/mm3

White Blood Cells 1499 cells/mm3 20001 cells/mm3

Activated Partial Thromboplastin Time 1.41*ULN
Prothrombin Time 1.21*ULN

Serum Chemistry
Alanine Aminotransferase 5.1*ULN
Albumin <2.5 g/dL
Alkaline Phosphatase IFCC 3.1*ULN
Aspartate Aminotransferase 5.1*ULN
Bilirubin 1.51*ULN (with any increase in liver function 

tests ALT AST)
2.0*ULN (with normal liver function tests)

Bone Specific Alkaline Phosphatase (IDS)
Calcium 7.4 mg/dL 11.6 mg/dL
Cholesterol Total >226 mg/dL
Creatine Kinase
Creatinine 2.1 mg/dL
Glucose 54 mg/dL >125 mg/dL (fasting)

>200 mg/dL (random)
Potassium 3.2 mEq/L 5.5 mEq/L
Protein Total <5 g/dL
Sodium 129 mEq/L 148 mEq/L

Urine
Glucose 2+
Protein 2+
Blood >50 rbc/hpf

Source: FDA Guidance for Industry 2007, Toxicity Grading Scale for Health Adult and Adolescent Volunteers 
Enrolled in Preventive Vaccine Clinical Trials
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7.4. BMD Standardization
BMD data were measured by two different DXA instruments manufactured by, Lunar Prodigy 
and Hologic, which differs in their calibration to give different BMD (g/cm2) results. Thus the 
Eligibility Quick Reference Guide for DXA in Protocol Section 14.5 was used to instruct study 
investigators on how to standardize the conversion from BMD to T-Score according to specific 
machine and specific bone area. The T-Score was then used by study investigators to evaluate 
patient eligibility (Inclusion Criterion #3).
Four (4) linear equations can be derived using the data from the Eligibility Quick Reference
Guide for DXA in Protocol Section 14.5.

1) T-score = (Hologic Lumbar Spine BMD - 1.047)/0.110
2) T-score = (Hologic Femoral Neck BMD - 0.858)/0.120
3) T-score = (Lunar Lumbar Spine BMD - 1.180)/0.120
4) T-score = (Lunar Femoral Neck BMD - 1.039)/0.139

Because a greater number of BMD were measured by Lunar than by Hologic in this study, 
Hologic BMD can be converted to Lunar by the following two steps.

First: Convert all Hologic BMD to T-score using the above formulae 1) and 2).
Second: Convert the above T-score to Lunar BMD by inverting formulae 3) and 4) as 
follows.

a. Lunar Lumbar Spine BMD = 1.180 + 0.120 × T-score
b. Lunar Femoral Neck BMD = 1.039 + 0.139 × T-score

After correcting the machine difference, the standardized BMD (from Hologic to Lunar) can be 
used to display the pooled BMD data from the two machines.

7.5. Clinical Laboratory Normalization
Because normal values of laboratory parameters for hematology in this study were provided 
from different local laboratories with inconsistent units and normal ranges, all numerical 
hematology values will be converted to the conventional units and normalized to a standard set 
of reference/normal ranges as described by Chuang-Stein (1992 and 2001). The normalization
process will be performed separately by each of the laboratory parameters.

For numerical laboratory values, the normalized values will be proportional to the ratio of the 
widths of reference ranges and aligned with the corresponding lower limits. For example, let 
(LS, US) denote the standard reference range and let (LA, UA) represents the reference range from 
a local Laboratory A. Let denote the laboratory value provided from Laboratory A, which is 
needed to be normalized. The normalized value, S, can be derived from the formula,

S = LS + × ( - LA),

where = (US – LS) / (UA - LA) equals the ratio of the widths of the reference ranges.

If the normalized value, S, becomes negative, the value will be replaced by zero. If one, say the 
lower, of the limits of a reference range is missing then the missing limit will be imputed 
according to the ratio of the limits from one of the closest reference ranges provided in this 
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study. For example, let LM denote the missing lower limits from Laboratory M. Its 
corresponding higher limit, UM, is found to be closest to the upper limit, UC from Laboratory C
among all the reference upper limits in the study.  Then, LM will be imputed by the formula,

LM = LC × (UM / UC),

where LC denotes the lower limit from Laboratory C. For cases where only the upper limits are 
missing (i.e., the lower ones are non-missing), same imputation process will be performed. For 
cases where both limits of a reference range are missing, the missing upper and lower limits will 
be imputed by the largest upper and lowest lower limit among all the observed reference ranges, 
respectively.

Because WBC differentials consist of five different types (neutrophils, lymphocytes, monocytes, 
eosinophils, and basophils), the normalized differentials in percentages need to be adjusted so 
they add up to 100%. Let the five-part differentials be denoted by WDk (k = 1, 2, 3, 4 5), 
respectively. The adjusted differential, WDk

* in percentages, will be derived by the formula

WDk
* = {WDk / (WD1 + WD2 + WD3 + WD4 + WD5)} × 100%,

where k = 1, 2, 3, 4, 5.

Similarly, the normalized differentials in absolute counts need to be adjusted to the total WBC 
count.  Let the five-part differentials in absolute counts be denoted by aWDk (k = 1, 2, 3, 4 5), 
respectively. The adjusted differential, aWDk

* in absolute counts, will be derived by the formula

aWDk
* = {aWDk / (aWD1 + aWD2 + aWD3 + aWD4 + aWD5)} × WBC,

where k = 1, 2, 3, 4, 5 and WBC denotes the total WBC count.


