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Benefit-Risk Summary and Assessment

Abaloparatide, tradename Tymlos, is a parathyroid hormone related protein (PTHrP) analog indicated for the treatment of osteoporosis in 
postmenopausal women at high risk of fracture, defined as a history of osteoporotic fracture, multiple risk factors for fracture, or patients who 
have failed or are intolerant to other available osteoporosis therapy. The dosing regimen is 80 mcg administered subcutaneously once daily. It is 
this reviewer’s recommendation that Tymlos be approved for this indication.  

Osteoporosis is a skeletal disorder characterized by low bone mass and microarchitectural deterioration of bone leading to an increase in fragility 
and fracture.  While osteoporosis can occur in both men and women, studies in postmenopausal women represent the majority of the data 
defining the disease and its sequelae. The risk of fracture increases with age and a history of a prior osteoporosis-related fracture. In older 
patients, fracture, predominantly hip fracture, is associated with increased morbidity and mortality.

The efficacy of Tymlos for the treatment of postmenopausal osteoporosis was evaluated in an 18-month, randomized, multicenter, double blind, 
placebo-controlled clinical trial in postmenopausal women aged 49 to 86 years (mean age of 69) who were randomized to receive Tymlos 80 mcg 
(N = 824) or placebo (N = 821) once daily. Patients also received daily supplemental calcium (500 to 1000 mg) and vitamin D (400 to 800 IU). 
80% of patients were Caucasian, 16% were Asian, and 3% were Black; 24% were Hispanic. At baseline, the mean T-score was -2.9 at the lumbar 
spine and 24% of patients had at least one prevalent vertebral fracture.  The efficacy study was extended as an open-label study where patients 
were no longer receiving Tymlos or placebo but were maintained in their original randomized treatment group and received 70 mg alendronate 
weekly, with calcium and vitamin D supplements. The cumulative 25-month efficacy dataset included 18 months of exposure to Tymlos or 
placebo in Study 003, 1 month of no treatment, followed by 6 months of alendronate therapy in Study 005.

The primary endpoint was the incidence of new vertebral fractures in patients treated with Tymlos compared to placebo. Tymlos resulted in a 
significant reduction in the incidence of new vertebral fractures compared to placebo at 18 months (0.6% Tymlos compared to 4.2% placebo, p 
<0.0001). The absolute risk reduction in new vertebral fracture was 3.6% at 18 months and the relative risk reduction was 86% for Tymlos 
compared to placebo. The incidence of new vertebral fractures at 25 months was 0.6% in patients treated with Tymlos then alendronate compared 
to 4.4% in patients treated with placebo then alendronate (p <0.0001). The relative risk reduction in new vertebral fracture at 25 months was 87% 
for patients treated with Tymlos then alendronate compared to patients treated with placebo then alendronate and the absolute risk reduction was 
3.9%. Tymlos significantly increased bone mineral density at all sites with a treatment difference of 8.7% at the lumbar spine, 3.5% at the total 
hip and 3.3% at the femoral neck after 18 months of therapy.

The safety profile of Tymlos, a PTHrP analog, is similar to that of the parathyroid hormone (PTH) analog, teriparatide (Forteo). In clinical 
studies, an increase in symptoms of orthostatic hypotension, palpitations, tachycardia, dizziness and nausea occur with Tymlos. Tymlos also 
caused an increase in serum and urine calcium levels.  In animal studies, Tymlos caused an increase in osteosarcoma formation similar to that 
seen with teriparatide. The risk of osteosarcoma formation in humans remains uncertain for PTH and PTHrP products and the rarity of the tumor 
will make postmarketing assessment challenging.
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Because of the potential risk of osteosarcoma, a boxed warning will be part of the Tymlos labeling and the indication will be restricted to those at 
high risk of fracture, where the potential benefit likely outweighs the risk. Because the osteosarcoma risk is similar with both PTH and PTHrP 
products, three will be a duration of exposure limitation, a cumulative lifetime use of 2 years for both PTH and PTHrP products. A Medication 
Guide will explain safety risks for patients. The potential risk of osteosarcoma involves a tumor type that is quite rare. Therefore, postmarketing 
surveillance will include enhanced pharmacovigilance. 

Dimension Evidence and Uncertainties Conclusions and Reasons 

Analysis of 
Condition

 Osteoporosis is a bone disease characterized by low bone mass and 
deterioration of bone tissue leading to an increased risk of fracture. 
Osteoporosis is a silent disease until a fracture occurs

 Postmenopausal women are the most common patient group to have 
osteoporosis. 50% of postmenopausal women over age 50 will break 
a bone due to osteoporosis

 The risk of fracture increases with age. The risk also increases with a 
history of a previous osteoporosis-related fracture

 In older patients, hip fracture is associated with increased loss of 
independence and increased mortality

Osteoporosis increases the risk of fracture in 
postmenopausal women. The risk of fracture 
increases with age and a history of a prior 
osteoporosis-related fracture. 

In older patients, fracture, predominantly hip 
fracture, is associated with increased morbidity 
and mortality 

Current 
Treatment 

Options

 Current treatment options for postmenopausal osteoporosis include 
medications that inhibit bone loss (bisphosphonates, RANKL 
inhibitors, estrogen agonists/antagonists, and calcitonin) and 
medications that stimulate bone formation (PTH analogs)

 Therapy can reduce the risk of vertebral fracture by up to 70%
 Bisphosphonates are the most widely prescribed medications. Rare but 

serious side effects with bisphosphonates and denosumab 
(osteonecrosis of the jaw and atypical femoral fractures) have 
influenced the use of these medications. 

 Teriparatide is associated with the potential risk of osteosarcoma, 
which was noted in animal studies.

Multiple therapies are available for treatment of 
osteoporosis in postmenopausal women. Rare 
but serious side effects have decreased the 
usage of currently available therapies and many 
patients with osteoporosis who would benefit 
from therapy remain untreated.

Additional therapies, such as abaloparatide will 
expand the treatment options and potentially 
enhance treatment for those in need.  

Benefit

 Abaloparatide was evaluated in a single randomized phase 3 study of 
2463 women with postmenopausal osteoporosis. Patients received 
abaloparatide 80 mcg daily, placebo daily, or open-label teriparatide 20 
mcg daily for 18 months. Patients who had received placebo or 

Treatment with abaloparatide 80 mcg daily 
significantly increases bone mineral density at 
the lumbar spine and hip with accompanying 
significant vertebral and nonvertebral fracture 
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Dimension Evidence and Uncertainties Conclusions and Reasons 

abaloparatide were then continued for an additional 6 months on 
alendronate 70 mg once weekly to provide the 24 month fracture data. 

 The primary endpoint was incidence of morphometric vertebral 
fracture, which is the accepted endpoint for these studies. Secondary 
endpoints include incidence of nonvertebral fracture and change in 
bone mineral density.

 Abaloparatide reduced the risk of vertebral fractures with a 3.6% 
absolute risk reduction and an 86% relative risk reduction compared to 
placebo treatment. 

 Abaloparatide reduced the risk of nonvertebral fractures with a 2.0% 
absolute risk reduction and an 43% relative risk reduction compared to 
placebo treatment.

 Abaloparatide significantly increased bone mineral density at the 
lumbar spine (8.7%), total hip (3.5%) and femoral neck (3.3%) after 18 
months of therapy

risk reduction in postmenopausal women at risk 
of fracture. 

Abaloparatide is the second anabolic agent for 
osteoporosis treatment and use will likely 
mimic that of teriparatide. 

Risk

 The safety data for abaloparatide includes 2732 postmenopausal 
women with osteoporosis of which 918 received 80 mcg 
abaloparatide. The median duration of abaloparatide exposure was 
18 months.

 The potential for osteosarcoma formation due to abaloparatide 
exposure, as noted in nonclinical studies, is the predominant safety 
concern. There were no cases of osteosarcoma reported in the 
clinical trials with abaloparatide.  A similar concern exists for 
teriparatide (Forteo), a drug with a similar mechanism of action. 

 Since approval in November 2002, an estimated  patients in 
the U.S. have received teriparatide.  Sixteen cases of potential 
osteosarcoma have been reported to U.S. FAERS. Most cases do not 
have sufficient information to allow classification but seven cases 
are classified as possible or likely. The two ongoing teriparatide 
observational studies  provide inconclusive 
results regarding the risk of osteosarcoma with teriparatide use. 

 Hypercalcemia, hypercalciuria, orthostatic hypotension, tachycardia, 
increases in serum uric acid, nausea, and dizziness are the safety 

The safety profile of abaloparatide is well 
characterized and consistent with other 
medications with a similar mechanism of 
action. 

Adverse reactions including hypercalcemia and 
orthostatic hypotension can occur with 
abaloparatide and may worsen in the 
postmarketing setting if product labeling is not 
followed. 

The risk of osteosarcoma formation remains 
uncertain for PTH and PTHrP products. The 
rarity of the tumor will make postmarketing 
assessment challenging.   
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Dimension Evidence and Uncertainties Conclusions and Reasons 

concerns with abaloparatide use. 
 The safety profile for abaloparatide is similar to teriparatide. 

Risk 
Management

 Because of the potential risk of osteosarcoma, a boxed warning will be 
used in labeling, the indication will be restricted to those at high risk of 
fracture, where the potential benefit likely outweighs the risk, and the 
duration of exposure will be limited to a cumulative 2 years for all 
PTH and PTHrP products

 A Medication Guide will be used to explain safety risks for patients
 The potential risk of osteosarcoma involves a tumor type that is quite 

rare, the most appropriate approach for surveillance is enhanced 
pharmacovigilance. 

 Prescriber knowledge of the osteosarcoma risk with Forteo 
(teriparatide) use is high, therefore a REMs communication plan will 
not be required.

Product labeling, including a medication guide 
for patients will be used to convey important 
safety concerns, including the potential 
osteosarcoma risk

A REMS communication plan could be helpful 
to inform patients and prescribers about the 
osteosarcoma risk. However, it was ultimately 
decided that the osteosarcoma risk was well 
understood for teriparatide, a product with a 
similar mechanism of action.

Because osteosarcoma is a rare tumor, 
postmarketing studies would not be a viable 
option to further evaluate the risk.
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In 2012, a decision was made within the Division that 24 month fracture data would be needed 
for all products seeking a osteoporosis indication. A Type A meeting was held with the 
Applicant to discuss the decision and reach agreement on the approach fulfilling the 24 month 
data requirement. After discussion, the Applicant opted to conduct an extension study. 
Subjects in the placebo and abaloparatide groups would be maintained in the same treatment 
group, and remain blinded to their original treatment group, but would be switched to 
alendronate 70 mg once weekly during the extension study. The extension protocol treatment 
duration is 24 months, but the Applicant proposed a 6-month interim analysis to meet the 24 
months fracture data requirement.  

A preNDA meeting was held in 2015 and agreement was reached regarding a complete 
application package. Additionally, the Applicant proposed to market the drug product in a 
device that was different from the one used in the Phase 3 fracture study. The Division advised 
the Applicant that comparative bioavailability data was needed. Additionally, the 
osteosarcoma signal with abaloparatide was similar to that of teriparatide. The Division 
advised the Applicant that an approach similar to teriparatide (boxed warning, restricted 
population for the indication, duration limitation, medication guide, and a plan to mitigate this 
risk) was likely.  The Applicant was encouraged to submit a pharmacovigilance plan.

3. Product Quality  
The review team from the Office of Pharmaceutical Quality recommends approval for this 
application. Please see the OPQ reviews for complete details. 

The Applicant is proposing a drug/device combination product, a single patient multi-use pen, 
for abaloparatide daily administration. Each pen contains 30 doses.  The pen is not packaged 
with the needles required for injection. 

Drug Substance: The drug substance, abaloparatide, is a 34 amino acid C-terminal amidated 
peptide. It is manufactured by  synthesis with a peptide sequence of 
H∙Ala∙Val∙Ser∙Glu∙His∙Gln∙Leu∙Leu∙His∙Asp∙Lys∙Gly∙Lys∙Ser∙Ile∙Gln∙Asp∙Leu∙Arg∙Arg∙Arg∙G
lu∙Leu∙ Leu∙Glu∙Lys∙Leu∙Leu∙Aib∙ys∙Leu∙His∙Thr∙Ala∙NH2. The molecular weight of 
abaloparatide is  Da, with a molecular formula of C174H300N56O49. Abaloparatide has 41% 
homology to human PTH (1-34) and 76% homology to human PTHrP (1-34).

The drug substance is an  The drug substance is 
manufactured by Lonza Braine, Braine-l’Alleud, Belgium. The manufacturing process is 
adequately described and consists . 
The proposed drug substance specification acceptance criteria are acceptable. 

Drug Product: Tymlos (abaloparatide) injection is a drug/device combination product 
consisting of a sterile, colorless, clear solution provided in a glass cartridge pre-assembled into 
a disposable multi-dose pen for single-patient use. Each glass cartridge contains 1.56mL of 
abaloparatide solution containing 3120 mcg abaloparatide with a pH  Each mL of 
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4. Nonclinical Pharmacology/Toxicology
The nonclinical pharmacology/toxicology team is recommending that this NDA can be 
approved; please see Dr. Gemma Kuijper’s review for complete details. 

Abaloparatide is a 34 amino acid analog of parathyroid hormone related peptide (PTHrP). The 
activity of abaloparatide is similar to the activity of teriparatide, the 34 amino acid analog of 
parathyroid hormone (PTH). Both of these agents exhibit anabolic activity on bone. 

The Applicant has conducted a complete pharmacology/toxicology program, which has been 
reviewed by Dr. Kuijpers.

Pharmacology: The Applicant conducted in vitro studies evaluating the binding affinity and 
selectivity of abaloparatide to the PTH1 receptor (PTH1R) conformations. Abaloparatide 
appears to be more selective for the RG isoform compared to the R0 isoform of PTH1R. The 
receptor conformation may play a role in cyclic AMP (cAMP) signaling with the R0 isoform 
associated with prolonged cAMP signaling and the RG isoform associated with more transient 
cAMP signaling. The Applicant postulates that this difference in cAMP response suggests a 
difference in bone resorption responses when abaloparatide is compared to teriparatide. 
However, as elegantly outlined by Dr. Kuijpers, the relationship between receptor 
conformations, cAMP signaling, and in vivo bone tissue response has not been adequately 
established.  Bone quality studies in the ovariectomized rat demonstrated that abaloparatide 
has marked anabolic effects in bone tissue at doses ranging from 0.3x to 12x the human AUC 
of the 80 mcg/day proposed clinical dose. In biomechanical testing, abaloparatide increased 
strength of femur shaft, neck and vertebral bodies. Histomorphometry studies in the 
ovariectomized rat demonstrated increases in bone volume, trabecular thickness, and bone 
formation rate. Bone formation occurred at the periosteal surface more than the endosteal 
surface. 

In ovariectomized cynomolgus monkeys, abaloparatide doses equivalent to 0.1x, 0.13x and 
0.7x the human dose of 80 mcg/day were studied. Dual xray absorptiometry (DXA) bone 
mineral density (BMD) increased. Different effects on cortical bone thickness were seen 
depending on the modality used and the bone location. Histomorphometry studies at the end of 
16 months demonstrated increases in bone volume, trabecular thickness, and trabecular 
number. Bone formation rate did not increase at the trabecular location or femoral neck. Bone 
formation rates did increase at both the periosteal and endosteal surfaces of the femoral shaft. 

The studies provided in the NDA have clearly demonstrated that abaloparatide has an anabolic 
effect on bone.  The studies are not sufficient in establishing a different effect with 
abaloparatide when compared to teriparatide.

Toxicology:  Based on the nonclinical studies up to 9 months in duration, the following 
findings occurred in multiple animal species at doses less than 5 times the proposed human 
dose and are considered to be of potential clinical relevance: osteosarcoma and osteoblastoma 
in rats; hemodynamic effects (hypotension/tachycardia); hypercalcemia/hypercalciuria; 
mineralization of soft tissues; renal function impairment; and hematology changes. 
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Osteosarcoma and osteoblastoma in rats: Osteosarcoma formation has been a significant 
safety concern for PTH receptor ligands such as teriparatide (PTH 1-34, Forteo) and PTH 
(PTH 1-84,  Natpara). The carcinogenic potential of abaloparatide was evaluated in a 2-year 
carcinogenicity study in F344 rats. The 2 year study utilized doses of 10, 25 and 50 
mcg/kg/day and included a PTH1-34 (30 mcg/kg/day) positive control arm. The study was 
positive for carcinogenicity in males and females. Neoplastic findings included dose-
dependent statistically significant and drug-related increases in osteosarcoma (malignant 
osteoblast tumor) and osteoblastoma in all male and female dose groups. The tumors are 
considered treatment-related. Mortality was increased in a dose-related manner in all 
abaloparatide dose groups and in the 30 mcg/kg PTH1-34-treated males. The main cause of the 
dose-related mortality was the development of osteosarcoma. Percent osteosarcoma 
occurrences at 10, 25, 50mcg/kg/day abaloparatide were 52%, 78%, 87% in males, and 18%, 
36%, 62% in females. Incidences for 30mcg/kg/day PTH1-34 were 65% in males and 40% in 
females. 

Hemodynamic effects: PTH receptor ligands are known to cause vasodilation and hypotension. 
The Applicant conducted a hemodynamic study in anaesthetized Beagle dogs that 
demonstrated a dose dependent decrease in aortic blood pressure and total peripheral resistance 
with an increase in heart rate. Direct positive inotropic and chronotropic effects on the heart 
were also observed.

Hypercalcemia and hypercalciuria: Based on the pharmacodynamic effects of PTHrP, 
abaloparatide is predicted to have an effect on calcium and mineral metabolism. In rats, plasma 
calcium was slightly increased at 3h post-dose, and declined at time points after 3
hours post-dose, returning to baseline or below baseline at 24h post-dose (pre-dose time).
There was a parallel increase in urinary Ca excretion indicating that the serum Ca increase was 
at least partly due to increased bone resorption. Dr. Kuijpers points out that it is possible that 
renal calcium reabsorption may have been increased as well.  Plasma phosphorus levels were 
reduced at 3 hours post-dose, but were unaffected at later times. Urine phosphorus excretion 
was increased at higher doses of abaloparatide.

In monkeys, calcium increases were observed at 2 – 4 hours post dose. Blood calcium levels 
were generally comparable to pre-dose or vehicle control values when measured at >4h post-
dose, at any dose level. No effect on serum Ca was seen in the 39-week study since it was 
most likely measured pre-dose only. Higher urinary calcium excretion was detected only in the 
4-week study at 450 mcg/kg/day. Changes in plasma phosphorus levels were not consistent. 

Mineralization of soft tissues: In rat studies, renal pelvis mineralization was observed at the 70 
mcg/kg/day in the 26-week study.  Mortality was observed in the monkey studies at doses of 
1000 mcg/kg in the 14-day study, 200 mcg/kg in the 13-week study, and 10 and 70 mcg/kg in 
the 39-week study. The deaths or early sacrifices were attributed to myocardial degeneration/ 
necrosis and/or nephropathy/renal tubular necrosis, and were often associated with tissue 
mineralization in the heart and/or kidneys. Dr. Kuijpers notes a concerning finding was the 
early sacrifice of a 10 mcg/kg/day male in the 39-wk study on Day 144, at a low AUC multiple 
(2.7x). This animal had high serum calcium levels (14- 15 mg/dL) and kidney mineralization 
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Carcinogenicity: The carcinogenic potential of abaloparatide was evaluated in a 2-year 
carcinogenicity study in F344 rats. The study utilized doses of 10, 25 and 50 mcg/kg/day and 
included a PTH1-34 (30 mcg/kg/day) positive control arm. The osteosarcoma findings from 
this study have been previously discussed. There were no other statistically significant 
abaloparatide-related tumor findings.

Labeling: The Pharmacology/Toxicology team has recommended labeling changes in the 
osteosarcoma boxed warning and the proposed osteosarcoma Warning and Precaution 
language to accurately represent rat carcinogenicity study findings. Additionally, changes have 
been made to the proposed  Section 12.1: Mechanism of Action; Section 13.1 Carcinogenicity 
to accurately represent rat carcinogenicity findings; and Section 13.2: Animal Toxicology to 
include nonclinical toxicities with potential clinical relevance, and include animal bone 
pharmacology study findings.

5. Clinical Pharmacology
The clinical pharmacology team is recommending that this NDA can be approved; please see 
Dr. LaiMing Lee’s review for complete details.

General clinical pharmacology:  Abaloparatide is administered as a subcutaneous injection of  
80 mcg daily. Tmax is 0.51 hr (0.25 to 0.52 hr) following subcutaneous (SC) administration. 
After 7 daily subcutaneous injections, the mean (± SD) Cmax is 812 ± 118 pg/mL with an 
AUC 0-24h of 1622 ± 641 pg.hr/mL.  Absolute bioavailability of abaloparatide is 36%. The 
volume of distribution is approximately 50 L. Plasma protein binding of abaloparatide is 
approximately 70%. Abaloparatide is not metabolized by CYP-mediated enzymes. It is 
degraded into smaller peptide fragments by non-specific proteases, followed by renal 
excretion.

As demonstrated in study BA 058-05-010, the maximally tolerated dose is 240mg of 
abaloparatide based on the occurrence of orthostatic hypotension, tachycardia, palpitations, 
dizziness, and headaches that occurred at higher doses. Doses between 80 mcg and 240 mcg 
were found to be dose proportional.  

Intrinsic factors:
Renal Impairment: A dedicated renal impairment study was conducted to compare the PK of a 
single 80 mcg SC dose of abaloparatide in subjects with mild (CrCl 60 to 89 mL/min), 
moderate (CrCl 30 to 59 mL/min) and severe renal impairment (CrCl 15 to 29 mL/min) and 
normal renal function (CrCl 90 or greater mL/min). Cmax increased 1.3 and 1.4 fold in 
patients with moderate and severe renal impairment, respectively when compared to subjects 
with normal renal function. There was no increase in Cmax in patients with mild renal 
impairment. AUC0-inf increased 1.2, 1.7 and 2.1 fold in patients with mild, moderate, and 
severe renal impairment, respectively, when compared to subjects with normal renal function. 
Based on a population PK model from the  phase 3 fracture study BA054-05-003, AUC 
increased 1.2, 1.4, and 1.4 fold in  patients with mild, moderate, and severe renal impairment, 
compared to subjects with normal renal function. No dose adjustment is recommended in 
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patients with renal impairment. Data from the dedicated thorough QT study showed a 20 beat 
per minute (bpm) increase in heart rate in subjects on the 240 mcg dose (2.2 fold higher Cmax 
than the 80 mcg dose). Together with the lack of long-term safety data in the severe renal 
impairment population and known exposure related increase in heart rate, the clinical 
pharmacology team recommends product labeling to monitor for increases in adverse reactions 
in patients with severe renal impairment.

Hepatic impairment: The Applicant did not conduct a dedicated hepatic impairment study. 
Their rationale was that short chain peptides such as abaloparatide are consistent with a rapid 
proteolytic degradation into smaller peptide fragments and elimination by renal clearance. 
Therefore, abaloparatide is unlikely to be metabolized by liver cytochrome P450 enzymes and 
a hepatic impairment study is not needed. FDA agreed to this approach at a meeting in March 
21, 2012.

Drug-Drug interactions:   No formal drug-drug interaction studies have been performed. 
Abaloparatide is a synthetic 34 amino acid peptide, is not metabolized by CYP enzymes, and 
therefore, has a very low risk of drug-drug interactions. Additionally, as a drug administered 
by subcutaneous injection, abaloparatide is not subject food-drug interaction.

Demographic interactions:
Age: Abaloparatide exposure (AUC) in postmenopausal women age 49 to 86 years treated with 
once daily administration of abaloparatide SC 80 mcg for 18 months was analyzed and 
stratified based upon discrete age ranges. Based upon the population PK analysis, subjects ≥ 
65 years old have 15% higher AUC than those < 65 years old. Therefore, abaloparatide 
exposure was not meaningfully affected by age and a dose-adjustment in postmenopausal 
women due to age is not recommended.

Race:  Abaloparatide exposure (AUC) in postmenopausal women age 49 to 86 years treated 
with once daily administration of abaloparatide SC 80 mcg for 18 months was analyzed and 
stratified by race. Based upon this analysis, abaloparatide exposure was slightly higher in 
Asians and Blacks, compared to Whites. However, race did not affect spine BMD. The mean 
% change (SD) in spine BMD was 11.0 % (6.9), 9.2 % (9.3), and 11.2 % (7.2) for Asians, 
Blacks, and Whites, respectively. A dose adjustment in postmenopausal women due to race is 
not recommended.

Formulation bridging: The formulation of abaloparatide to-be-marketed is the same as the 
formulation used in the clinical efficacy trial. However, abaloparatide will be marketed as a 
combination drug/device product and the device has changed. The clinical fracture trial 
utilized BDPen II injectors while the to-be-marketed product will use an Ypsomed UnoPen 
injector. 

The Applicant conducted study BA058-05-002, a single-dose, two-center, two-way, crossover 
bioequivalence study in healthy postmenopausal women, comparing abaloparatide exposure 
following subcutaneous administration with the BDPen II injector and the UnoPen injector. 
Based upon results from an inspection of the bioanalytical site by the Office of Study Integrity
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and Surveillance (OSIS) where the QC samples for one sample analysis run did not meet the 
acceptance criteria per FDA’s bioanalytical method validation recommendations, the 
Applicant was requested to re-analyze their pharmacokinetic data and include a new statistical 
analysis of the pivotal BE study BA 058-05-002 without 2 subjects that were included in the 
affected run.

The geometric mean ratio (90% CI) of Cmax for the UnoPen injector versus the BDPen II 
injector was 104.4% (94.8%, 114.9%). The geometric mean ratio (90% CI) of AUC0-inf for 
the UnoPen injector versus the BD II pen injector was 109.1% (98.2%, 121.3%). BE limits of 
80- 125% were met for AUC0-inf, AUC0-t, and Cmax. Based upon these results, the 
Applicant demonstrated that the BDPen II injector and the UnoPen injector deliver 
abaloparatide doses that are bioequivalent.

TQT study:  A Thorough QT study (BA058-05-012) was conducted and reviewed by the 
interdisciplinary review team for QT studies. The study is a randomized, partially double-
blind, placebo- and positive-controlled, 4-period crossover study that enrolled 55 healthy 
subjects  who received abaloparatide 80 mcg (therapeutic dose), abaloparatide 240 mcg 
(maximally tolerated dose), moxifloxacin, and placebo. As outlined in the table below, the 
largest upper bound of the 2-sided 90% CI for the mean difference between abaloparatide 240 
mcg and placebo is 12.5 ms.  In the study, it was also noted that abaloparatide increases heart 
rate significantly, with a mean peak increase of 15 bpm and 20 bpm at 15 minutes after dosing 
with 80 mcg and 240 mcg, respectively. Therefore, the increases in QTc are likely due to the 
increased heart rate. Adequate assay sensitivity was demonstrated in the moxifloxacin arm.

The supratherapeutic abaloparatide dose (240 mcg) produces mean Cmax 2.2-fold higher than 
the therapeutic dose (80 mcg). Abaloparatide is a peptide and the likelihood of drug-drug 
interactions and hepatic impairment on PK is considered low. The concentrations achieved 
with the supratherapeutic dose in this TQT study are above those for the predicted worst case 
scenario (severe renal impairment). Based on the concentration-QTc analysis, no QT-interval 
prolongation of clinical concern is expected at the therapeutic concentration range.

Table 1:  The Point Estimates and the 90% CIs Corresponding to the Largest Upper Bounds for 
Abaloparatide-SC ( 80 µg and 240 µg) and the Largest Lower Bound for Moxifloxacin 

(FDA Analysis)
Treatment Time 

(hour)
∆∆QTcF (ms) 90% CI (ms)

Abaloparatide 80 mcg 0.5 6.9 (4.1, 9.7)
Abaloparatide 240 mcg 0.5 9.7 (6.9, 12.5)
*Moxifloxacin 400 mg* 2 10.9 (8.8, 13.0)
Source: Table 1, page 2 IRT review
*Multiple endpoint adjustment was not applied. The largest lower bound after Bonferroni   
adjustment for 4 timepoints is 8.0 ms.

Immunogenicity: The N-terminal region of abaloparatide contains a 13 amino acid sequence 
with substitutions at 8 amino acids, resulting in a sequence that is not identical to known 
human PTHrP and may trigger an immune response. In Study 003, samples for anti-drug 
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antibody (ADA) evaluation were collected at Day 1 (baseline), and Months 1, 3, 6, 12, and 
Month 18 or end of treatment. However, not all samples were evaluated for anti-drug 
antibodies. End of treatment samples were tested and only in those subjects with positive ADA 
were additional samples evaluated to determine the earliest time points of antibody formation. 
Because of the limited immunogenicity data available, the immunogenicity review team in the 
Office of Biotechnology Products recommends the Applicant conduct further evaluation as a 
postmarketing commitment to verify the total incidence and establish the course of 
development of antidrug antibodies. 

The abaloparatide antibody assays and the available validation data have been reviewed by the 
Office of Biotechnology Products. The recommendation of the immunogenicity review team is 
that the sponsor has demonstrated acceptable validation of their various immunogenicity assay 
methods. Data arising from use of these methods may reliably be used to report the 
immunogenicity profile of abaloparatide. 

At Month 18 or end of treatment, 300 (49%) of abaloparatide-treated subjects were positive for 
antidrug antibody (ADA) formation. When evaluated in terms of titer, 197 subjects had titers 
less than 1:1, 78 subjects had titers of 1:10, 24 subjects had titers of 1:100, and one subject had 
a titer of 1:1000.  Subjects with positive ADA were further evaluated for the presence of 
neutralizing antibodies. Overall, 68% of the ADA positive population were also positive for 
neutralizing antibodies against abaloparatide. Antibodies cross reacting with endogenous 
PTHrP were found in 7 (2.4%) ADA positive subjects. Neutralizing antibody against PTHrP 
were found in 3 of the 7 subjects with antibody against PTHrP. No subjects were noted to have 
positive antibody cross reacting with native PTH.

Reviewer comment: In comparison to the currently available teriparatide, anti-drug 
antibody formation with abaloparatide occurs at a much higher incidence (49% with 
abaloparatide versus 3% with teriparatide). The difference is likely due to the amino 
acid substitutions in abaloparatide. Teriparatide is identical to the N-terminal region 
of native PTH. 

The finding of neutralizing antibody against native PTHrP is of concern. This occurred 
in approximately 1% of subjects who developed anti-drug antibody. The activity of 
PTHrP is not well described, and the clinical consequences of this finding are not 
clear.  

Anti-abaloparatide antibody formation correlated with a decrease in pharmacokinetic 
exposures as defined by AUC and a corresponding increase in clearance (CL/F), following 
analysis of ADA+ patients in a Pop-PK model (figure below). The presence of ADA was the 
most influential covariate in the population PK model. ADA positive subjects with low titer 
and high titer have 44% and 60% lower AUC than subjects with negative ADA. However, the 
clinical pharmacology review team believes that antibody interference may affect the 
bioanalytical PK method in human serum, and this may account for some of the changes seen. 
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Figure 1: Comparison of Median Curves for All ADA Responses to Abaloparatide

Source: page 30 clinical pharmacology review

Effects of anti-drug antibody development on efficacy parameters: As outlined in the table 
below, exploratory analyses demonstrated that subjects who developed antibodies experienced 
similar BMD increases and similar fracture incidence to patients without antibodies.

Table 2: Study 003: Efficacy Parameters Based on Anti-Drug Antibody Status
ADA

negative
ADA 

positive, 
all

ADA 
positive, 

NAb 
negative 

ADA 
positive, 

NAb 
positive

All

N 310 300 96 201 610
Fracture Incidence
new vertebral fracture, n (%) 3 (1.0) 1 (0.3) 1 (1.0) 0 4 (0.7)
first incident  nonvertebral fracture 10 (3.2) 6 (2.0) 3 (3.1) 3 (1.5) 16 (2.6)
Bone Mineral Density at 18 months
Total Hip, mean % (SD) 4.1 (3.5) 4.4 (3.5) 4.7 (3.8) 4.2 (3.4) 4.2 (3.5)
Femoral neck,  mean % (SD) 3.6 (4.2) 3.7 (4.5) 4.2 (5.2) 3.5 (4.1) 3.6 (4.4)
Lumbar Spine, mean % (SD) 11.1 (7.2) 11.3 (7.2) 11.9 (7.3) 11.1 (7.1) 11.2 (7.2)
Source: compiled by reviewer from immunogenicity testing summary

Effects of anti-drug antibody development on safety parameters: Overall, 92% of subjects in 
the antibody population experienced an adverse event.  Serious adverse events were reported 
in 9% of both ADA negative and ADA positive groups. There was no difference in subjects 
reporting at least one anaphylaxis-related adverse event. 

Labeling: The Office of Clinical Pharmacology recommends edits to the Special Populations 
and Clinical Pharmacology sections of the proposed product labeling based on the findings in 
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their review. The Applicant has accepted these changes. The Office of Biotechnology Products 
has recommends edits to the Immunogenicity section of the abaloparatide label based on their 
review. The Applicant has accepted these changes. 

Postmarketing Studies: The Applicant collected samples for antibody testing but only 
evaluated end of treatment samples with other samples evaluated if end of treatment samples 
were positive. The Office of Biotechnology Products believes that all samples should be 
evaluated so that patients and prescribers can understand the likelihood of antibody 
development during treatment. Because there was no evidence of a safety signal attributable to 
ADAs, further sample testing can be accomplished as a postmarketing commitment.  

Rationale for PMC1:
Subjects in your Phase 3 study BA058-05-003 were classified as ADA negative based 
on their ADA status at Visit 9 (18 months). Samples collected prior to Visit 9 from 
subjects scored as ADA negative at Visit 9 were not analyzed for abaloparatide ADA, 
resulting in an incomplete abaloparatide ADA profile and potential under reporting of 
ADA incidence. All available samples collected during the Phase 3 study BA058-05-
003 from subjects reported  

 Samples confirmed positive for abaloparatide binding ADA 
should be subsequently tested for ADA titer, and abaloparatide drug neutralization.

PMC1:
Analyze all collected serum samples from subjects enrolled in the BA058-05-003 study 
not previously tested for appearance of abaloparatide binding antibodies. Test the 
confirmed positive samples for abaloparatide binding ADA titer, and abaloparatide 
drug neutralization. 

Rationale for PMC2:
Analysis of the development of ADA cross-reactivity against endogenous PTH and 
PTHrP has only been performed on immunogenicity samples collected at the Visit 9 
(18 month) time point. Abaloparatide ADA positive samples prior to Visit 9 have not 
been assayed for endogenous peptide cross-reactivity or neutralization. These data are 
necessary to determine the progression of cross-reactive ADA development over the 
course of the Phase 3 study duration, in order to understand both the incidence and 
titers of cross-reactive ADA. All available ADA positive samples retained from the 
Phase 3 study BA058-05-003 should be assayed for PTH and PTHrP cross-reactivity, 
titer and neutralization.

PMC2:
Test all confirmed anti-abaloparatide positive serum samples from patients enrolled in 
the BA058-05-003 study for antibodies able to cross-react with or neutralize 
endogenous PTH or PTHrP. 
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6. Clinical Microbiology 
Abaloparatide is not an antimicrobial agent. Clinical microbiology studies are not applicable to 
this NDA. The microbiology product quality of the abaloparatide drug substance and 
combination drug/device product is discussed in Section 3 of this review.

7. Clinical/Statistical- Efficacy
The Applicant is seeking an indication for treatment of postmenopausal osteoporosis. This is 
the first osteoporosis indication for this product and fracture efficacy data is necessary. The 
Division has generally accepted a robust result (p value <0.01) from a single phase 3 fracture 
trial with supportive bone mineral density data from the dose finding study for approval of an 
initial osteoporosis indication. The Applicant conducted one key fracture efficacy trial, 
BA058-05-003 with extension study BA058-05-005, to support approval of abaloparatide for 
the indication of treatment of postmenopausal osteoporosis.  Trial BA058-05-003 is a 
multicenter, double-blind, randomized, placebo-controlled study with an open label active 
control teriparatide 20 mcg daily group evaluating the daily subcutaneous administration of 
abaloparatide 80 mcg for the treatment of postmenopausal osteoporosis (PMO).  The primary 
endpoint of the study was incidence of new morphometric (radiographic) vertebral fractures at 
month 18. After discussion with the Division regarding the requirement for 24 month data, the 
Applicant opted to extend trial 003 as trial 005. In trial 005, the teriparatide arm of the study 
was discontinued and subjects in the placebo and abaloparatide arms were maintained in their 
original treatment groups. All subjects received alendronate 70 mg once weekly. The transition 
from trial 003 to trial 005 resulted in a one month no treatment period. In this application, the 
interim 6 month study endpoint from trial 005 is submitted. Trial 005 remains ongoing for a 
total treatment period of 24 months. Supportive evidence is provided by the phase 2 dose-
finding trial BA058-05-002. In trial 002, bone mineral density is the primary endpoint. 

Because there is a large single fracture efficacy trial, an integrated summary of efficacy will 
not be the focus of this review. The dose-finding trial 002 is presented and discussed, followed 
by the efficacy findings of trials 003 and 005. 

Trial BA058-05-002: Please refer to the clinical review, pages 123 – 127 for complete details. 
This is a 24 week, randomized, double blind, dose-finding study with a planned 24 week 
extension.  Subjects were randomized into one of five treatment groups: placebo, 20 mcg 
abaloparatide, 40 mcg abaloparatide, 80 mcg abaloparatide, or 20 mcg teriparatide daily. The 
teriparatide treatment was open-label. All subjects also received 500-1000 mg calcium and 
400-800 IU Vitamin D daily. The coprimary endpoints were change in lumbar spine BMD, 
femoral neck BMD and ultradistal radius BMD at 12 and 24 weeks.  Efficacy evaluations also 
included change in serum levels of bone formation markers N-terminal Propeptide of Type 1 
Procollagen (P1NP), C-terminal Propeptide of Type 1 Procollagen (P1CP), bone-specific 
alkaline phosphatase, and osteocalcin, and bone resorption markers serum C-telopeptides of 
Type 1 Collagen Crosslinks (CTX) and  urine N-telopeptides of Type 1 Collagen Crosslinks 
(NTX). A central laboratory was used for the bone turnover markers and a central read facility 
was used for the DXA scans. This review focuses on the Week 24 data.
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Study Population: The population included women age 55 – 85 years, postmenopausal for at 
least 5 years, with the diagnosis of osteoporosis. As outlined in Table 58, page 125 of the 
primary clinical review, the mean age of the enrolled population was 65 years, 62% of the 
population was Caucasian, and the mean lumbar spine T score was -2.9. A total of 222 
subjects were enrolled in the study and 38 subjects discontinued during the first 6 months. One 
subject discontinued from the placebo group prior to receiving study drug.  The efficacy 
analysis dataset included patients who completed the study, met all entry criteria, were at least 
90% compliant with study medication and who had both lumbar spine DXA and P1NP 
measures at Week 24.  Only 55 subjects continued into the second 6 months of the study 
because not all centers participated. 

Table 3: Trial BA058-05-002: Patient Disposition
Placebo Abaloparatide Teriparatide Total

20 mcg 40 mcg 80 mcg 20 mcg
Randomized 46 43 43 45 45 222
D/C prior to study drug 1 0 0 0 0 1
D/C during first 6 months 3 10 7 11 6 37
Completed 6 months 42 33 36 34 39 184
ITT/safety 45 43 43 45 45 221
Efficacy analysis dataset 37 29 29 28 32 155
Continued beyond 6 months 11 13 10 7 14 55
Completed 12 months 10 11 8 6 13 48
Source: adapted from primary clinical review, table 57, page 124

Results:
Lumbar spine BMD: As outlined in the Table 4, all doses of abaloparatide studied increased 
lumbar spine BMD at Week 24 compared to placebo. In the efficacy analysis population, bone 
mineral density increased 1.4% in the placebo group, 3.5% in the 20 mcg abaloparatide group,  
4.9% in the 40 mcg abaloparatide group, 6.7% in the 80 mcg abaloparatide group, and 6.0% in 
the teriparatide group. Similar results were seen in the ITT population who had DXA readings 
available. The abaloparatide groups trended in a dose-dependent manner.
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Table 4: Trial BA058-05-002: Lumbar Spine BMD at Week 24
Placebo Abaloparatide Teriparatide

20 mcg 40 mcg 80 mcg 20 mcg
N, treated 45 43 43 45 45
n, efficacy analysis 37 29 29 28 32
Baseline BMD, gm/cm2 
mean (SD)

0.784
(0.1166)

0.772
(0.1044)

0.469
(0.0878)

0.765
(0.1009)

0.771
(0.1081)

Week 24 BMD, gm/cm2 
mean (SD)

0.795
(0.1205)

0.799
(0.1098)

0.807
(0.0908)

0.816
(0.1089)

0.813
(0.1098)

Week 24, % change, 
mean (SD)

1.4 (3.39) 3.5 
(1.74)

4.9
(4.05)

6.7
(4.34)

6.0
(4.22)

Week 24, adjusted change, 
mean, 95% CI*

0.0113
0.002,0.020

0.0272
0.017,0.037

0.0372
0.027,0.047

0.0509
0.041,0.061

0.0447
0.035,0.054

Week 24, adjusted difference, 
mean , 95% CI**
p-value

0.0159
0.002,0.029

0.022

0.0259
0.012,0.039

<0.001

0.0397
0.026,0.053

<0.001

0.0334
0.020,0.047

<0.001
n, ITT 42 32 37 36 40
*repeated measures analysis, fixed factors for treatment, visit and treatment by visit interaction
** adjusted mean treatment difference, active – placebo, p-value from repeated measures model compared to 
placebo
Source: compiled by reviewer  from ba058-05-002 report body, Tables 11-12, 11-13, and section 14.2

Femoral neck BMD: Femoral neck BMD also increased in all treatment groups. In the efficacy 
analysis population at Week 24, femoral neck bone mineral density increased 0.4% in the 
placebo group, 2.3% in the 20 mcg abaloparatide group, 1.4% in the 40 mcg abaloparatide 
group, 2.9% in the 80 mcg abaloparatide group, and 0.6% in the teriparatide group.

Ultradistal radius BMD: The ultradistal radius BMD is almost entirely comprised of trabecular 
bone, as compared to the mid third radius, which is predominantly a cortical bone site. In the 
efficacy analysis population, ultradistal radius bone mineral density responses were variable. 
The mean BMD response was -2.5% in the placebo group, +0.4% in the 20 mcg abaloparatide 
group, +0.03% in the 40 mcg abaloparatide group, -1.8% in the 80 mcg abaloparatide group, 
and -1.3% in the teriparatide group. In the ITT analysis population, ultradistal BMD decreased 
in all dose groups.

Bone turnover markers: Bone turnover markers were also evaluated in this dose-finding study. 
Markers of bone formation include N-terminal Propeptide of Type 1 Procollagen (P1NP), bone 
specific alkaline phosphatase (BSAP), osteocalcin, and C-terminal Propeptide of Type 1 
Procollagen (P1CP). Bone resorption markers include C-telopeptides of Type 1 Collagen 
Crosslinks (CTX) and N-telopeptides of Type 1 Collagen Crosslinks (NTX). As one would 
expect with an anabolic agent, markers of bone formation increased with both abaloparatide 
and teriparatide therapy (Table 5 below). The abaloparatide groups trended in a dose-
dependent manner.  Bone formation and bone resorption are tightly coupled processes. It is 
anticipated that stimulation of bone formation would also result in stimulation of bone 
resorption. Both CTX and NTX increased with abaloparatide and teriparatide therapy, as one 
would expect. 
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Table 5: Trial BA058-05-002: Percent Change in Bone Turnover Markers at Week 24, Efficacy Analysis
Placebo Abaloparatide Teriparatide

20 mcg 40 mcg 80 mcg 20 mcg
N, treated 45 43 43 45 45
n, efficacy analysis 37 29 29 28 32
P1NP, mean (SD) 40 (19.6) 52 (27.0) 100 (78.5) 101 (68.9) 134 (104.9)
BSAP 23 (6.8) 24 (7.7) 30 (11.9) 29 (9.6) 34 (15.3)
Osteocalcin -14 (19.5) -10 (25.1) 60 (86) 61 (75) 103 (107)
P1CP -11 (22.0) -10 (27.2) 7 (41.4) 4 (49.6) 22 (71.0)
serum CTX 0 (38.3) -4 (26.5) 54 (101.2) 60 (84.5) 109 (122.7)
NTX 8 (39.3) 14 (39.8) 48 (89.3) 62 (91.0) 100 (137.4)
Source: compiled by reviewer  from bao58-05-002 report body, Tables 11-35, 11-38, 11-41, 11-44, 11-47, 11-
50, and section 14.2

Conclusions: The data from trial BA058-05-002 demonstrate dose-related increases in bone 
mineral density and bone turnover markers. The 20 mcg abaloparatide dose does not show a 
consistent pattern of effect at the various BMD sites and it is reasonable that the Applicant did 
not move forward with this dose. Both the 40 mcg and 80 mcg abaloparatide doses show a 
robust effect on BMD at the lumbar spine and have the potential for demonstrating fracture 
risk reduction. At the End-of Phase 2 meeting, the Applicant proposed the 80 mcg dose for 
further development. The Division recommended that both the 40 mcg and the 80 mcg dose be 
taken into Phase 3 as prior drug development history with Forteo showed that both the 20 mcg 
and the 40 mcg Forteo doses had comparable efficacy, but there were greater adverse reaction 
concerns with the 40 mcg Forteo dose. In this application, the Applicant chose to move 
forward with only the 80 mcg daily dose of abaloparatide. Therefore, it is unknown as to 
whether a lesser dose of the medication would achieve fracture efficacy results.  

Trial BA058-05-003 and Trial BA058-05-005: Please refer to the clinical review, pages 43 – 
127, and the statistical review for complete details. 

Data from trial BA058-05-003 combined with the interim 6 month data from trial BA058-05-
005 provide the key fracture efficacy data for abaloparatide 80 mcg daily. Trial BA058-05-003 
is a multicenter, double-blind, randomized, placebo-controlled study with an open label active 
control teriparatide 20 mcg daily arm evaluating the daily subcutaneous administration of 
abaloparatide 80 mcg for the treatment of postmenopausal osteoporosis (PMO).  The primary 
endpoint of the study is incidence of new morphometric (radiographic) vertebral fractures at 
month 18. To obtain the necessary 24 month fracture data, subjects in the placebo and 
abaloparatide arms of trial 003 were eligible to enroll into trial 005. In trial 005, participating 
subjects continued in their original randomized treatment arm, but were switched to 70 mg 
alendronate once weekly. The transition from trial 003 to trial 005 resulted in a one month no 
treatment period. In this application, the interim 6 month study endpoint from trial 005 is 
submitted. Trial 005 remains ongoing for a total alendronate treatment period of 24 months. 

Study population: Trial 003/005 enrolled postmenopausal women with osteoporosis age 50 to 
85 years and at least 5 years post menopause. Osteoporosis was defined as a BMD T-score ≤ -
2.5 and radiologic evidence of 2 or more mild or one moderate morphometric vertebral 
fracture, or a history of a low trauma nonvertebral fracture. Women over age 65 could be 
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enrolled based on fracture history with BMD measurement of ≤ -2.0. Women over age 65 
could also be enrolled based on a BMD T-score of ≤ -3.0 without a fracture history.

Study treatments: Enrolled subjects were randomized to receive abaloparatide 80 mcg daily via 
pen injector, matching placebo, or 20 mcg daily teriparatide via the approved product pen 
injector. Subjects in the abaloparatide or placebo treatment groups were blinded to treatment. 
Subjects in the teriparatide treatment group were open label and aware of their therapy. All 
subjects received daily calcium (500 – 1000 mg/day) and vitamin D (400 – 800  IU/day) 
supplementation

After 18 months of therapy, all subjects were maintained for 1 month on the calcium and 
vitamin D therapy. At the completion of Month 19, subjects receiving abaloparatide and 
placebo were maintained in their original treatment groups but switched to oral alendronate 70 
mg once weekly for 24 months. 

Efficacy measures: The primary endpoint of studies 003 and 005 is patients with one or more 
new vertebral fracture. Spine radiographs were obtained at screening, Month 18 (study 003), 
and Month 25 (study 005). Fractures were determined using the semiquantitative method of 
Genant. Secondary endpoints included nonvertebral fractures. Nonvertebral fractures were 
confirmed by the study site investigator. Secondary endpoints also included change in lumbar 
spine, total hip and femoral neck BMD. DXA readings of the spine, hip and forearm were 
performed 

A central radiologic facility was used for fracture assessment, DXA and CT readings. Positive 
vertebral fractures were confirmed by a second reader, with a third reader providing 
adjudication if there was disagreement. The central read facility managed DXA readings and 
DXA quality control including cross calibration with a central phantom and longitudinal 
quality control conducted by the study sites and reviewed by the central read facility.

To control the overall type I error, the primary and secondary efficacy endpoints were tested 
sequentially at the 2-sided 5% significance level, as listed: 

1. Incidence of vertebral fracture, abaloparatide vs. placebo at Month 18
2. Total hip BMD, abaloparatide vs. placebo at Month 18
3. Femoral neck BMD, abaloparatide vs. placebo at Month 18
4. Lumbar spine BMD, abaloparatide vs. placebo at Month 18
5. Nonvertebral fracture, abaloparatide vs. placebo at Month 19
6. Total hip BMD, abaloparatide vs. teriparatide at Month 6
7. Femoral neck BMD, abaloparatide vs. teriparatide at Month 6
8. Nonvertebral fracture, abaloparatide vs. teriparatide
9. Lumbar spine BMD, abaloparatide vs. teriparatide at Month 6

In trial 005, the Applicant retained the initial same hierarchy through outcome #5, but added 
additional endpoints related to other fracture terms and radius BMD:

1. Incidence of vertebral fracture, abaloparatide vs. placebo at Month 25
2. Total hip BMD, abaloparatide vs. placebo at Month 25
3. Femoral neck BMD, abaloparatide vs. placebo at Month 25
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4. Lumbar spine BMD, abaloparatide vs. placebo at Month 25
5. Nonvertebral fracture, abaloparatide vs. placebo at Month 25
6. Clinical fracture, abaloparatide vs. placebo at Month 25
7. Clinical major osteoporotic fracture, abaloparatide vs. placebo at Month 25
8. Ultradistal radius BMD, abaloparatide vs. placebo at Month 25
9. Clinical wrist fracture, abaloparatide vs. teriparatide at Month 25

Results:

Disposition: As outlined in the table below, 2463 subjects enrolled in Trial 003, and all but 
three subjects received treatment. Twenty three percent of the enrolled population withdrew 
from the trial. Adverse event, withdrew consent, and refused treatment were the most common 
reasons for study discontinuation. Subjects are classified in only one discontinuation category 
in the table below. The Applicant has specified withdrawal of consent and treatment refusal 
separately. Overall, 77% of subjects completed the 18 month trial. Subjects in the teriparatide 
arm of trial 003 did not continued into trial 005. Subjects in Trial 005 maintained their original 
treatment group from Trial 003. Of the 1139 subjects enrolled in trial 005, 1073 (94%) 
completed the interim 6 month visit. The most common reason for study discontinuation was 
adverse events, occurring in 38 (58%) subjects.

Table 6: Trial BA058-05-003/005: Subject Disposition
Placebo Abaloparatide Teriparatide Total

80 mcg 20 mcg
Trial 003
Randomized 821 824 818 2463
Treated 820 822 818 2460
Discontinued 184 (22) 218 (27) 160 (20) 562 (23)

Adverse Event 53 (29) 89 (41) 53 (33) 195 (35)
Death 5 (3) 3 (1) 2 (1) 10 (2)
Withdrew Consent 48 (26) 47 (22) 45 (28) 140 (25)
Refused Treatment 33 (18) 31 (14) 19 (12) 83 (15)
Bone Loss ≥ 7% 12 (7) 1 (<1) 1 (<1) 14 (3)
Other* 33 (18) 47 (22) 40 (25) 120 (21)

Safety population 820 822 818 2460
mITT population 711 (87) 690 (84) 717 (88) 2118 (86)
Completed Trial 003 637 (78) 606 (74) 658 (80) 1901 (77)
Trial 005
Treated 581 (71) 558 (68) 0 1139
Discontinued prior 6 months, Trial 005 37 29 66

Adverse Event 21 (57) 17 (59) 38 (58)
Death 1 (3) 1 (3) 2 (3)
Withdrew Consent 7 (19) 7 (24) 14 (21)
Refused Treatment 2 (5) 3 (10) 5 (8)
Other* 6 (16) 1 (3) 7 (11)

Safety population 580 553 1133
mITT population 568 544 1112
Completed 6 months, Trial 005 544 529 1073
Source: adapted from primary clinical review, Table 11, page 58 and Table 44, page 103.
*Other includes lost to follow-up, protocol violation, inability to complete study procedures, noncompliance, serious 
intercurrent illness, administrative reasons, hypercalcemia or hypercalciuria, treatment related SAE, hypersensitivity

Reference ID: 4087604



Cross Discipline Team Leader Review

26

Demographics: As outlined in Table 14, page 61 of the primary clinical review, the mean age 
of the enrolled population in Trial 003 was 69 years. By geographical region, Europe had the 
largest number of enrollees (56%) and North America accounted for less than 2% of the 
enrolled population. The population was predominantly white (80%) and not Hispanic in 
ethnicity (76%). Mean lumbar spine BMD T-score was -2.9. As discussed in the primary 
clinical review, there were discrepancies between what site investigators read as positive for 
prevalent vertebral fracture versus the readings from the central radiology readings. Prevalent 
vertebral fractures, by central radiology reading, were present in 24% of the enrolled 
population while 48% had a history of a prior nonvertebral fracture and 38% had a history of a 
major osteoporotic fracture. 

Reviewer Comment: I agree with Dr. Voss that the enrolled population is not strictly 
defined as having severe osteoporosis. The enrolled population does carry a definition 
of osteoporosis by BMD or prior fracture history. With osteoporosis agents available, 
it is not ethically possible to enroll a severe osteoporotic population in placebo-
controlled fracture trials. The enrolled population is consistent with the populations of 
recent fracture trials for other agents. Based on our prior knowledge of other approved 
agents, it is acceptable to extrapolate the efficacy findings to an osteoporosis  
population at high risk for fracture. 

Morphometric Vertebral Fracture: Morphometric vertebral fracture is the primary endpoint for 
both Trials 003 and 005. At Month 18, fracture risk reduction was significantly lower in the 
abaloparatide group (0.6%) when compared to placebo (4.2%). The absolute risk reduction 
was 3.6% and the relative risk reduction was 86% (p<0.0001). The Applicant did not propose 
assessment of abaloparatide to teriparatide for vertebral fracture risk reduction. The data for 
teriparatide are provided for reference and are consistent with the original teriparatide fracture 
study GHAC. The enrolled population in study GHAC was at higher risk of fracture and the 
absolute risk reduction was 9.3% with a relative risk reduction of 65%.

Approximately 70% of subjects from the placebo and abaloparatide treatment groups who 
began trial 003 continued in trial 005. All subjects who entered trial 005 were maintained in 
their original treatment groups and were switched to open label alendronate 70 mg once 
weekly.  Results for the subgroup of subjects who participated in both trial 003 and 005 were 
comparable to the overall group of subjects who only participated in trial 003. The Month 18 
fracture incidence for the subgroup of subjects who also participated in trial 005 was 3.4% in 
the placebo group and 0.6% in the abaloparatide group. The absolute risk reduction was 2.8% 
and the relative risk reduction was 84% (p<0.0001). In the 6 months of trial 005, there were 6 
new vertebral fractures in the placebo/alendronate group and no new vertebral fractures in the 
abaloparatide/alendronate group. The results again were comparable to the trial 003 results and 
are outlined in Table 7. 
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Table 7: Trial BA058-05-003/005: New Morphometric Vertebral Fracture
Placebo Abaloparatide Teriparatide

80 mcg 20 mcg
Trial 003, Month 18
N 821 824 818
n, mITT 711 690 717
Crude incidence, n (%) 30 (4.2) 4 (0.6) 6 (0.8)
Absolute Risk Reduction (95% CI) 3.6%

(5.42 , 2.10)
3.4%

(5.18 , 1.80)
Relative Risk Reduction (95% CI) 86%

(95 , 61)
80%

(92 , 53)
p-value <0.0001 <0.0001
Trial 005 Pla/Aln Abalo/Aln
N 581 558 0
n, mITT 568 544
Month 18, incidence 19 (3.4) 3 (0.6)
Absolute Risk Reduction (95% CI) 2.8%

(4.65 , 1.20)
Relative Risk Reduction (95% CI) 84%

(95 , 45)
p-value <0.0001
Month 25, incidence 25 (4.4) 3 (0.6)
Absolute Risk Reduction (95% CI) 3.9%

(5.90 , 2.09)
Relative Risk Reduction (95% CI) 88%

(96.2 , 59.8)
p-value
Source: adapted from primary statistical review, Table 6, page 11 and Table 9, page 13; and from the primary clinical 
review, table 19, page 68

Subgroup analyses were conducted based on age (< 65 years, ≥ 65 years, < 75 years, ≥ 75 
years), race, and geographic region. As displayed in the primary statistical review (page 15) 
and primary clinical review (pages 70, 71), the reduction in fracture risk showed similar trends 
in all subgroups evaluated. 

Nonvertebral Fracture: Nonvertebral fracture was a key secondary endpoint. While initially, 
the proposed protocol listed the incidence of nonvertebral fracture, this was later changed to 
time to first nonvertebral fracture using Kaplan Meier (KM) estimates. In Trial 003 at 18 
months, the crude incidence of subjects with nonvertebral fractures was 4.0% in the placebo 
group and 2.2% in the abaloparatide group. The KM estimated event rate was 4.7% in the 
placebo group and 2.7% in the abaloparatide group with a hazard ratio of 0.57 (0.32 , 1.00), p-
value 0.0489.  Although not prespecified, the data for teriparatide did not reach statistical 
significance compared to placebo (crude incidence 2.9%, KM estimated event rate 3.3%, 
hazard ratio 0.72). In the original Forteo fracture trial GHAC, nonvertebral fracture risk 
reduction was demonstrated with an absolute risk reduction of 2.9% and a relative risk 
reduction of 53%. In trial 003, the nonvertebral fracture risk reduction of abaloparatide was not 
statistically superior to teriparatide. 
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In the extension trial 005, all subjects from the placebo and abaloparatide groups received 
alendronate 70 mg once weekly. The 18 month BMD change from baseline in subjects who 
continued into study 005 were similar to the changes seen in the entire study 003 cohort. After 
6 months of alendronate, total hip, femoral neck and lumbar spine BMD increased in both the 
placebo/alendronate and the abaloparatide/alendronate groups. 

Table x: Trial BA058-05-005: Changes in Bone Mineral Density at Month 25, ITT, LOCF
Placebo/

Alendronate
Abaloparatide/

Alendronate
Teriparatide

80 mcg 20 mcg
N 581 558 818
Total Hip, n 581 558
Baseline BMD (gm/cm2), mean (SD) 0.77 (0.10) 0.77 (0.09)
Month 18, % change from baseline, mean (SD) -0.2 (2.8) 4.1 (3.5)
Month 25, % change from baseline, mean (SD) 1.4 (3.0) 5.4 (4.0)
Month 25, Treatment Difference, LS mean
 (95% CI)

4.1%
(3.7 , 4.5)
<0.0001)

Femoral Neck, n 581 558
Baseline BMD (gm/cm2), mean (SD) 0.73 (0.10) 0.73 (0.09)
Month 18, % change from baseline, mean (SD) -0.6 (3.7) 3.6 (4.4)
Month 25, % change from baseline, mean (SD) 0.5 (3.8) 4.5 (4.8)
Month 25, Treatment Difference, LS mean
 (95% CI)

4.1%
(3.6 , 4.6)
<0.0001)

Lumbar Spine, n 581 558
Baseline BMD (gm/cm2), mean (SD) 0.83 (0.10) 0.83 (0.11)
Month 18, % change from baseline, mean (SD) 0.5 (4.0) 11.1 (7.2)
Month 25, % change from baseline, mean (SD) 3.5 (4.3) 12.8 (8.0)
Month 25, Treatment Difference, LS mean
 (95% CI)

9.2%
(8.6 , 9.9)
<0.0001)

Source: adapted from primary statistical review, Table 10, page 13; primary clinical review, table 52, page 117, and study 
report tables 14.2.7.1A, 2A, and 3A.

When subgroups including age, years since menopause, race, prior fracture status, baseline 
BMD, and renal function were evaluated, changes in BMD were similar at both month 18 and 
Month 25. 

Applicability of Efficacy Findings to U.S. Patients and U.S. Medical Practice:  Of the 2463 
subjects enrolled in the fracture efficacy trial for abaloparatide, 39 (1.6%) were from the 
United States. No fractures occurred in the U.S. population. Given the very small U.S. 
population enrolled, the Applicant was asked to justify the applicability of the study findings 
to the U.S. population and U.S. medical practice. The Applicant provided an in-depth rationale 
which has been reviewed in detail by Dr. Voss (pages 86 – 95 of the primary clinical review). 
In addition, Dr. Lee has conducted analyses from the perspective of clinical pharmacology 
(pages 16 and 17 of the primary clinical pharmacology review), and Dr. Guo has conducted 
analyses from the statistical perspective (pages 15 and 16 of the primary statistical review).  
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The Applicant asserts that the World Health Organization diagnostic criteria for osteoporosis 
are recognized globally. While there are some nation specific treatment recommendations, 
they are generally similar to those in the U.S. The population enrolled in study 003 met the 
criteria for treatment recommended in the United States. Calcium and vitamin D nutrition is a 
potential concern for differences among populations.  The Applicant states that all patients did 
receive calcium and vitamin D during the trial. Baseline calcium level and 25 hydroxy vitamin 
D levels were analyzed by region. Calcium levels were consistent in all regions and were 
maintained throughout the trial. Based on a small numbers of subjects, baseline vitamin D 
levels were highest in the U.S. cohort. Alcohol use and tobacco use were comparable to that 
expected for the U.S. population. For intrinsic factors, subjects enrolled in the U.S. were 
younger (mean 63 vs. 69 years) with fewer years since menopause (mean 14 vs. 20 years) than 
the rest of the study cohorts. 

There were no fractures in the enrolled U.S. population. For the rest of the world, no regional 
differences between abaloparatide and placebo fracture rates were noted for either vertebral or 
nonvertebral fracture.  The applicant was asked to analyze bone mineral density response by 
geographic region. As outlined in Table 8, all regions showed increases in bone density at all 
sites. The changes observed in the U.S. population were below the changes seen for other 
regions. The cause of the lower BMD response in the small U.S. population is not clear. As 
outlined in the primary clinical review, one study site (site 216) in the U.S. appears to have a 
lower BMD response compared to the other U.S. study sites.  However, there are a small 
number of subjects and the comparative data are likely not reliable. As outlined in the clinical 
pharmacology review, the abaloparatide exposure at the U.S. study sites and site 216 compared 
to the rest of the world appears comparable.
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Table 8: Trial BA058-05-003: Percent Change in Bone Mineral Density at Month 18, ITT, LOCF
Placebo Abaloparatide Teriparatide

80 mcg
N 821 824
Total Hip n

-0.6 (1.9) 0.9 (2.8) -0.1 (2.7)United States,  mean (SD)
LSM difference (95% CI)

39
1.5 (-0.2 , 3.2)

0.4 (2.9) 3.5 (3.6) 3.2 (3.8)South America, mean (SD)
LSM difference (95% CI)

661
3.0 (2.4 , 2.5)

-0.2 (2.7) 3.6 (3.6) 2.7 (3.2)Europe, mean (SD)
LSM difference (95% CI)

1376
3.8 (3.4 , 4.1)

-0.4 (2.8) 3.2 (3.0) 2.6 (2.7)Asia, mean (SD)
LSM difference (95% CI)

387
3.8 (3.2 , 4.4)

Femoral Neck n
0.8 (4.5) 1.3 (4.4) -1.1 (3.4)United States,  mean (SD)

LSM difference (95% CI)
39

0.4 (-2.2 , 2.9)
-0.2 (3.3) 2.5 (3.9) 1.8 (3.3)South America, mean (SD)

LSM difference (95% CI)
661

2.7 (2.1 , 3.3)
-0.5 (3.7) 3.2 (4.3) 2.5 (3.7)Europe, mean (SD)

LSM difference (95% CI)
1376

3.8 (3.3 , 4.2)
-0.7 (3.6) 2.6 (4.4) 2.5 (3.3)Asia, mean (SD)

LSM difference (95% CI)
387

3.3 ( 2.5 , 4.1)
Asia, mean (SD)
LSM difference (95% CI)

387

Lumbar Spine n
-0.2 (4.8) 4.1 (6.7) 3.6 (5.5)United States,  mean (SD)

LSM difference (95% CI)
39

4.3 (0.9 , 7.7)
1.0 (4.0) 8.7 (7.7) 8.7 (6.5)South America, mean (SD)

LSM difference (95% CI)
661

7.8 (6.8 , 8.7)
0.3 (3.8) 9.5 (7.5) 9.1 (6.1)Europe, mean (SD)

LSM difference (95% CI)
1376

9.2 (8.5 , 9.9)
0.1 (3.6) 9.6 (7.2) 10.4 (6.4)Asia, mean (SD)

LSM difference (95% CI)
387

9.4 ( 8.2 , 10.7)
Source: adapted from primary statistical review, Table 13, page 16; primary clinical review tables 33 – 
36; and the Applicant’s response dated 8/15/16.

The Applicant also presented a statistical regression model to predict BMD response in the 
U.S. patients based on baseline covariates. The statistical model is based on the draft ICH E17: 
General Principles for Planning and Design of Multi-Regional Clinical Trials.  The model used 
DXA machine, baseline BMD of each site, age, race, ethnicity, years since menopause, body 
mass index, prevalent fracture at baseline, alcoholic drinks per week, number of cigarettes per 
day, baseline calcium, and baseline 25 hydroxyvitamin D level as covariates. Based on the 
model, the observed treatment effects in the U.S. were lower than predicted. As outlined in the 
statistical review, ICH E17 is for planning clinical trials, not for analyses of data from such a 
trial. The regression model has not been validated, and it is unknown whether the assumption 
holds true that all patients, regardless of geographic location, have a similar BMD change 
curve.

Reviewer Comment: I agree with Drs. Voss, Guo, and Lee that the data from the U.S. 
enrolled population in study 003/005 are of limited value. BMD increases with 
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abaloparatide occur in all regions. The PK analyses from study 003 suggest that 
abaloparatide exposure is comparable between U.S. and non-U.S. regions. 
Comparison of the data from the teriparatide active control arm to the original Forteo 
trials shows similarity in the response for fracture risk reduction and lumbar spine 
bone mineral density. For these reasons, the results from study 003 can be considered 
applicable to the U.S. population and U.S. medical practice. 

Conclusions on the Substantial Evidence of Effectiveness: The Applicant has provided 
substantial evidence for a treatment of osteoporosis indication. Fracture risk reduction with 
abaloparatide treatment at a dose of 80 mcg daily by subcutaneous injection is demonstrated in 
trials BA058-05-003/BA058-05-005. Morphometric vertebral fracture is the primary endpoint 
for both Trials 003 and 005. At 18 months, the new morphometric vertebral fracture absolute 
risk reduction was 3.6% and the relative risk reduction was 86% (p<0.0001) with 
abaloparatide compared to placebo. The KM estimated hazard ratio for nonvertebral fracture 
was 0.57 (0.32 , 1.00). Because of the requirement for 24 months of fracture data, the 
Applicant extended trial 003 into trial 005 where all subjects were switched to alendronate 70 
mg once weekly. Blinding to original study 003 treatment group was maintained in study 005.   
At 25 months the new morphometric vertebral fracture absolute risk reduction was 3.9% and 
the relative risk reduction was 88% (p<0.0001). The KM estimated hazard ratio for 
nonvertebral fracture was 0.48.

Supportive evidence is provided by the bone mineral density increases from trials BA058-05-
003 and BA058-05-002. In the 6 month dose-finding study 002, lumbar spine BMD increased 
1.5% in the placebo group and 6.7% in the abaloparatide 80 mcg group. In study 003, total hip 
BMD was the first BMD endpoint tested after the vertebral fracture endpoint. At month 18, the 
treatment difference compared to placebo was 4.1% at the total hip, 4.1% at the femoral neck 
and 9.2% at the lumbar spine.  

The one issue of concern is the generalizability of the predominantly non-U.S. results to the 
U.S. population. Only 1.6% (39 subjects) of the enrolled population was from the U.S. No 
fractures occurred among the U.S. patients. When BMD was evaluated to support conclusions 
of generalizability, it was noted that the BMD response while increased, was not as robust in 
the U.S. population when compared with other regions. However, the small sample size makes 
the interpretation of BMD data from the U.S. difficult. Pharmacokinetic data from trial 003 
suggest that abaloparatide exposure is comparable between U.S. and non-U.S. regions. When 
the evidence is evaluated in total, the review team agrees that the results from study 003 can be 
considered applicable to the U.S. population and U.S. medical practice.

10. Safety
This integrated review of safety primarily focuses on three trials BA058-05-002, the 24 week 
Phase 2 dose-finding study, BA058-05-003 the 18 month fracture efficacy study, and BA058-
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05-007, the 24 week comparative study of transdermal and injectable abaloparatide. Trial 003, 
the 18 month fracture efficacy trial comprises the largest part of the safety database. 

Known safety issues with PTH and PTHrP analog drugs include the potential for 
osteosarcoma, noted in the animal studies, as well as hypercalcemia and hypercalciuria, soft 
tissue mineralization, and orthostatic hypotension. 

Exposure: The pooled safety population includes 2732 postmenopausal women with 
osteoporosis. A total of 920 subjects were randomized to receive 80 mcg abaloparatide by 
subcutaneous injection (824 subjects from Trial 003, 45 subjects from Trial 002, and 51 
subjects from Trial 007). Of the 920 subjects randomized, 918 received at least one dose of 80 
mcg abaloparatide. The median duration of abaloparatide exposure was 17.8 months. This 
safety database exceeds the population exposure recommended in the ICH E1A guideline.

Specific Safety Assessments: The studies included in the integrated summary of safety utilized 
various version of MedDRA. The Applicant did upcode all older versions such that all safety 
data are presented using MedDRA version 17.1. Special safety for abaloparatide include 
assessment of immunogenicity (discussed in the clinical pharmacology/immunogenicity  
section of this review), local tolerance evaluations for injection site reactions, bone 
histomorphometry, and renal CT to evaluate for soft tissue mineralization. 

Safety Results: 

Table 9: Pooled Safety Population
Placebo Abaloparatide Teriparatide

80 mcg 20 mcg
Randomized 867 920 863
Treated 865 918 863
Death 5 (0.6) 3 (0.3) 3 (0.3)
Serious Adverse Event 92 (11) 88 (10) 83 (10)
Adverse Event leading to Withdrawal 50 (6) 92 (10) 58 (7)
Treatment Emergent Adverse Event 752 (87) 817 (89) 764 (88)
Source: ISS, table 10 

Death: There are 11 deaths reported in the safety database. All occurred in study 003 (5 (<1%) 
placebo-treated subjects, 3(<1%) abaloparatide-treated subjects and 3(<1%) teriparatide-
treated subjects). The narrative histories are outlined in table 63, pages 136 and 137 of the 
primary clinical review. None of the deaths appear to be related to study drug. 

Serious Adverse Event: Serious adverse events (SAE) were reported in 92 (11%) placebo-
treated subjects, 88(10%) abaloparatide-treated subjects and 83(10%) teriparatide-treated 
subjects. As outlined in Table 10, the most common system, organ, class for serious adverse 
events was injury with various fractures reported as the SAE. There were no imbalances noted 
between any of the treatment groups. 
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Table 10: Pooled Safety Population, Serious Adverse Events by SOC
Placebo Abaloparatide Teriparatide

80 mcg 20 mcg
Treated 865 918 863
Blood and Lymphatic 0 1 (<1) 0
Cardiac 7 (1) 10 (1) 8 (1)
Ear and labyrinth 0 1 (<1) 2 (<1)
Endocrine 1 (<1) 1 (<1) 3 (<1)
Eye 2 (<1) 2 (<1) 2 (<1)
Gastrointestinal 13 (2) 11 (1) 5 (1)
General and administration site 5 (1) 2 (<1) 3 (<1)
Hepatobiliary 3 (<1) 4 (<1) 2 (<1)
Infections and Infestations 9 (1) 10 (1) 9 (1)
Injury 20 (2) 11 (1) 10 (1)
Investigations 2 (<1) 1 (<1) 2 (<1)
Metabolism and nutrition 0 3 (<1) 2 (<1)
Musculoskeletal 8 (1) 10 (1) 8 (1)
Neoplasm 9 (1) 11 (1) 16 (2)
Nervous 10 (1) 9 (1) 7 (1)
Renal 1 (<1) 1 (<1) 0
Reproductive 3 (<1) 7 (1) 6 (1)
Respiratory 0 4 (<1) 5 (1)
Skin 2 (<1) 0 1 (<1)
Surgical 4 (<1) 4 (<1) 4 (<1)
Vascular 3 (<1) 1 (<1) 6 (1)
Source: ISS, table 5.2.2.1 

Adverse Event leading to Withdrawal: Adverse events leading to study withdrawal were 
reported in 50 (6%) placebo-treated subjects, 92 (10%) abaloparatide-treated subjects and 
58(7%) teriparatide-treated subjects. More abaloparatide subjects withdrew due to adverse 
events with imbalances seen for preferred terms palpitations, nausea, headache and dizziness. 
In the placebo group, an imbalance was noted for preferred term osteoporosis.
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Table 11: Pooled Safety Population, Withdrawal due to Adverse Events in ≥ 0.5%,  by SOC
Placebo Abaloparatide Teriparatide

80 mcg 20 mcg
Treated 865 918 863
At least 1 TEAE leading to withdrawal 50 (6) 92 (10) 58 (7)
Cardiac 3 (<1) 15 (2) 2 (<1)

palpitations 1 (<1) 7 (1) 0
Gastrointestinal 7 (1) 19 (2) 9 (1)

nausea 2 (<1) 13 (1) 3 (<1)
General and administration site 6 (1) 9 (1) 8 (1)
Investigations 5 (1) 9 (1) 4 (<1)
Metabolism and nutrition 0 1 (<1) 4 (<1)
Musculoskeletal 14 (2) 4 (<1) 3 (<1)

osteoporosis 8 (1) 0 1 (<1)
Neoplasm 4 (1) 5 (1) 8(2)
Nervous 7 (1) 22 (2) 14 (2)

headache 2 (<1) 11 (1) 5 (1)
dizziness 3 (<1) 10 (1) 8 (1)

Psychiatric 3 (<1) 4 (<1) 0
Skin 5 (1) 6 (1) 6 (1)
Vascular 2 (<1) 6 (1) 3 (<1)
Source: ISS, table 21 and table 5.2.7.1 

Common Adverse Events: As outlined in the table below, 88% of the pooled safety population 
had at least one treatment emergent adverse event. The most commonly reported events are 
listed in the table below. The events highlighted below could be considered adverse reactions 
related to hypercalcemia or orthostatic hypotension and should appear in product labeling. 

Table 12: Pooled Safety Population, Common Treatment Emergent Adverse Events by PT
Placebo Abaloparatide Teriparatide

80 mcg 20 mcg
Treated 865 918 863
At least 1 TEAE 752 (87) 817 (89) 764 (88)
Hypercalciuria 78 (9) 100 (11) 108 (12)
Dizziness 52 (6) 95 (10) 62 (7)
Arthralgia 86 (10) 75 (8) 73 (8)
Back pain 87 (10) 74 (8) 60 7)
Headache 52 (6) 73 (8) 57 (7)
Nausea 25 (3) 73 (8) 44 (5)
Upper respiratory tract infections 64 (7) 71 (8) 76 (9)
Nasopharyngitis 68 (8) 63 (7) 59 (7)
Influenza 46 (5) 62 (7) 40 (5)
Palpitations 3 (<1) 48 (5) 14 (2)
Abdominal Pain Upper 19 (2) 24 (3) 21 (2)
Dyspepsia 21 (2) 23 (2) 19 (2)
Fatigue 13 (2) 22 (2) 18 (2)
Muscle Spasm 18 (2) 22 (2) 25 (3)
Vertigo 15 (2) 18 (2) 20 (2)
Source: ISS, table 12 
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Adverse Events of Interest: For the adverse events of interest discussed below, the pooled 
safety database was used. The percentages may differ from the primary clinical review which 
used study 003 for data presentation. 

Hypercalcemia: Hypercalcemia is a known effect from PTH and PTHrP products given 
the mechanism of action. In the analysis of hypercalcemia adverse events, the 
Applicant prespecified the following terms: blood calcium abnormal, blood calcium 
increased, calcium ionized abnormal, calcium ionized increased, hypercalcemia, 
hypercalcemia of malignancy, and hypercalcemic nephropathy. Hypercalcemia adverse 
events were reported in 6 (1%) placebo-treated subjects, 17 (2%) abaloparatide-treated 
subjects, and 39 (4%) teriparatide-treated subjects. In study 003, one serious adverse 
event of hypercalcemia was reported in a teriparatide-treated subject.  Two subjects in 
the abaloparatide group and 4 subjects in the teriparatide group discontinued from the 
study due to hypercalcemia. 

In this application, hypercalemia was defined as an albumin-adjusted serum calcium 
value ≥ 10.7 mg/dL. Calcium levels were evaluated pre dose and 4 hours post dose at 
every study visit in trial 003. The overall incidence of serum calcium ≥ 10.7 mg/dL 
was 0.4% in the placebo group, 3% in the abaloparatide group and 6% in the 
teriparatide group.  As outlined in table 76, page 154 of the primary clinical review, 
most calcium excursions occurred at the 4 hour post dose evaluation. Calcium 
elevations greater than 1mg/dL above the upper limit of normal (≥ 11.4 mg/dL) 
occurred in no placebo-treated  subjects, 4 (0.5%) abaloparatide-treated subjects and 4 
(0.5%) teriparatide-treated subjects. 

Trial 003 had an algorithm for management of hypercalcemia. Based on predose serum 
calcium, if serum calcium was ≥ 0.3 to 1 mg/dL above the upper limit of normal and 
confirmed by repeat testing, calcium and vitamin D supplements were discontinued for 
7 days and levels were rechecked. If levels normalized, supplements were restarted, if 
the calcium level remained elevated, the dose of abaloparatide was reduced to 40 mcg 
and the calcium and vitamin D were also stopped. If the subject had normalized 
calcium after the first hypercalcemia episode and had a repeat confirmed episode, 
calcium and vitamin D were again withheld. If calcium returned to normal, the subject 
was continued in the study without calcium and vitamin D supplementation. If the 
calcium level did not normalize, the subject continued in the study with a reduced dose 
of abaloparatide to 40 mcg and without calcium and vitamin D supplementation. No 
subject required abaloparatide dose reduction. Overall, changes to calcium supplements 
occurred in 1 (0.1%) of placebo-treated subjects, 14 (2%) abaloparatide-treated 
subjects and 26 (3%) of teriparatide-treated subjects. 

Hypercalciuria: Hypercalciuria was also prespecified as a safety endpoint and assessed 
by 24-hr urine collection at each study visit. In the analysis of hypercalciuria adverse 
events, the Applicant prespecified the following preferred terms: hypercalciuria, urine 
calcium increased, and hypercalcemia. It is not clear why the Applicant included 
hypercalcemia as a preferred term for hypercalciuria events. The preferred term 
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“hypercalciuria” was reported as an adverse event in 78 (9%) placebo-treated subjects, 
100 (11%) abaloparatide-treated subjects and 108 (12%) teriparatide-treated subjects.

In the pooled safety database, the overall incidence of urine calcium/creatinine ratio > 
400 mg/g was 18% in the placebo group, 21% in the abaloparatide group and 26% in 
the teriparatide group. The overall incidence of urine calcium/creatinine ratio > 300 
mg/g was 36% in the placebo group, 46% in the abaloparatide group and 54% in the 
teriparatide group.

Hypophosphatemia: In the analysis of hypophosphatemia adverse events, the Applicant 
prespecified the preferred term hypophosphatemia. No adverse events related to 
hypophosphatemia were reported. Laboratory values for phosphate did not change 
from baseline. No patient developed serum phosphorus levels below normal. 

Orthostatic hypotension: Orthostatic hypotension was noted in prior trials with the 
PTH analog, teriparatide. In the analysis of orthostatic hypotension adverse events, the 
Applicant prespecified 29 preferred terms, including orthostatic hypotension, balance 
disorder, dizziness, nausea, palpitations, presyncope, and vertigo. The overall incidence 
of orthostatic hypotension events were higher in the abaloparatide group, occurring in 
120 (14%) placebo-treated subjects, 246 (27%) abaloparatide-treated subjects and 167 
(19%) teriparatide-treated subjects. The incidence of palpitations, nausea, and dizziness 
was higher in the abaloparatide group compared to placebo and teriparatide. Serious 
adverse events related to orthostatic hypotension were reported in 1 patient in the 
placebo group, 3 patients in the abaloparatide group, and 4 patients in the teriparatide 
group. 

Based on vital signs, orthostatic hypotension was defined as a decrease of ≥ 20 mmHg 
in systolic BP or  ≥ 10mm Hg in diastolic BP from supine to standing position. The 
definition of orthostatic hypotension did not include heart rate.  Based on these criteria, 
orthostatic hypotension was reported in 251 (29%) placebo-treated subjects, 295 (32%) 
abaloparatide-treated subjects and 246 (29%) teriparatide-treated subjects. Standing 
systolic blood pressure < 80 mmHg was reported in 7 placebo-treated subjects, 2 
abaloparatide-treated subjects, and 4 teriparatide-treated subjects.  

Palpitations: Palpitations were reported at a higher rate in the abaloparatide group 
when compared to placebo or teriparatide. In the analysis of palpitation adverse events, 
the Applicant prespecified the following preferred terms: palpitation, tachycardia, atrial 
fibrillation, ventricular extrasystoles, extrasystoles, supraventricular extrasystoles, 
supraventricular tachycardia, sinus tachycardia, arrhythmia, atrial flutter, arrhythmia 
supraventricular, and sinus arrhythmia. In the pooled safety database, palpitation 
adverse events were reported in 24 (3%) placebo-treated subjects, 72 (8%) 
abaloparatide-treated subjects and 32 (4%) teriparatide-treated subjects. There were no 
serious adverse events for palpitation reported. 
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The highest percentage of palpitation events occurred with an onset of ≥14 months in 
the placebo group (22%), and an onset between 0 to 3 days in the abaloparatide group 
(33%).

In study 003, the post-baseline maximal increase in heart rate was 9.4 bpm in the 
placebo group, 9.4 bpm in the abaloparatide group, and 9.5 bpm in the teriparatide 
group. When measured by ECG, one hour post injection heart increased, on average, 
by 7.9 bpm on day 1, 7.6 bpm at the 3 month visit and 7.3 bpm at the 9 month visit in 
the abaloparatide group. There were no notable changes in the placebo group. 

In the thorough QT study BA058-05-012, which enrolled healthy young adults, heart 
rate peaked approximately 15 minutes post dose with  median increases of 0.3 bpm in 
the placebo group, 15 bpm in the abaloparatide 80 mcg group and 20 bpm in the 
supratherapeutic abaloparatide 240 mcg group. 

Nausea: Nausea was reported at a higher rate in the abaloparatide group when 
compared to placebo or teriparatide. The Applicant utilized the preferred terms nausea 
and vomiting to analyze the events. In the pooled safety database, nausea adverse 
events were reported in 28 (3%) placebo-treated subjects, 79 (9%) abaloparatide-
treated subjects and 52 (6%) teriparatide-treated subjects. Serious adverse events of 
nausea were reported in no placebo-treated subjects, one abaloparatide-treated subject, 
and no teriparatide-treated subject. Nausea adverse events leading to discontinuation 
were reported by 2 (0.2%) placebo-treated subjects, 13 (1%) abaloparatide-treated 
subjects and 4 (0.5%) teriparatide-treated subjects.

The largest percentage of nausea events had an onset of 0 to 3 days in the abaloparatide 
and teriparatide groups (29% and 36%, respectively), and an onset of 2 to ˂6 months in 
the placebo group (25%). Nausea events lasting for greater than 30 days occurred in 
30% of the placebo group, 51% of the abaloparatide group, and 44% of the teriparatide 
group.  

Dizziness: Dizziness was reported at a higher rate in the abaloparatide group when 
compared to placebo or teriparatide. The Applicant utilized the preferred terms 
dizziness and vertebrobasilar insufficiency to analyze the events. In the pooled safety 
database, dizziness adverse events were reported in 52 (6%) placebo-treated subjects, 
95 (10%) abaloparatide-treated subjects and 63 (7%) teriparatide-treated subjects. 
Serious adverse events of dizziness were reported in one placebo treated subject, no 
abaloparatide-treated subjects, and one teriparatide treated subject. Dizziness adverse 
events leading to discontinuation were reported by 3 (0.3%) placebo-treated subjects, 
10 (1%) abaloparatide-treated subjects and 8 (1%) teriparatide-treated subjects.

The largest percentage of dizziness events occurred with an onset of 0 to 3 days for all 
treatment groups (26%, 43% and 36%) in the placebo, abaloparatide and teriparatide 
groups, respectively.
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Injection Site Reactions: Local tolerance was self-assessed by subjects via daily diary 
entries during Months 1 and 12. In Study 003, subjects were to assess local tolerance 
(redness, swelling, pain and tenderness) daily using a scale ranging from 0 to 3, at 1 
hour and 24 hours after the injection during Month 1 and Month 12 of the treatment 
period.

As outlined in Table 13, redness was the most common local site reaction. The highest 
proportion of subjects reported redness one hour after injection during Month 1. 

Table 13: Trial 003: Incidence of Injection Reactions Reported in Patient Diary (%)
Placebo Abaloparatide Teriparatide

80 mcg 20 mcg
N 820 822 818
Redness
Month 1, 1 hour post dose 28 58 64
Month 1, 24 hour post dose 23 30 27
Month 12, 1 hour post dose 17 34 36
Month 12, 24 hour post dose 12 20 14
Swelling
Month 1, 1 hour post dose 3 10 10
Month 1, 24 hour post dose 3 4 5
Month 12, 1 hour post dose 4 10 5
Month 12, 24 hour post dose 2 5 2
Pain
Month 1, 1 hour post dose 7 10 8
Month 1, 24 hour post dose 3 4 4
Month 12, 1 hour post dose 6 10 6
Month 12, 24 hour post dose 3 3 2
Tenderness
Month 1, 1 hour post dose 7 12 11
Month 1, 24 hour post dose 4 6 5
Month 12, 1 hour post dose 8 13 11
Month 12, 24 hour post dose 4 5 5
Source: BA058-005-003 CSR, table 14.3.6.2

Hypersensitivity: In the analysis of hypersensitivity adverse events, the Applicant 
prespecified using standardized MedDRA queries (SMQ) for anaphylactic reaction and 
angioedema, and additional preferred terms drug eruption, drug eruption with 
eosinophilia and systemic symptoms, erythema multiforme, generalized erythema, 
injection site pruritus/rash/vesicles, mucocutaneous rash, rash macular/maculo-
papular/papular/maculovesicular, and Stevens-Johnson syndrome. There were no 
reports of anaphylaxis in any treatment group. The incidence of hypersensitivity 
reactions was 10% in the placebo group, 12% in the abaloparatide group and 12% in 
the teriparatide group. Cough (preferred term in the anaphylactic reaction SMQ) was 
the most common preferred term, reported in 3% of all treatment groups. Serious 
adverse events related to hypersensitivity reactions occurred in one subject in the 
placebo group, 2 subjects in the abaloparatide group and 4 subjects in the teriparatide 
group. Discontinuation from the trial due to hypersensitivity reactions occurred in 3 
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subjects in the placebo group, 8 subjects in the abaloparatide group, and 4 subjects in 
the teriparatide group.

Laboratories: Routine chemistry and hematology laboratories were evaluated during the 
abaloparatide trials. Other than the laboratories discussed, there were no concerning 
differences noted. 

Uric acid: Increases in uric acid levels were seen in the clinical trials for teriparatide. In 
trial 003, uric acid levels were evaluated. In trial 003, uric acid levels increased in both 
the abaloparatide and teriparatide treatment groups, as outlined in table 68, page 144 of 
the primary clinical review. At least one elevated uric acid levels occurred in 6% of 
placebo-treated subjects, 25% abaloparatide-treated subjects and 30 % of teriparatide 
treated subjects who had normal baseline values. One subject in each treatment group 
developed a gout episode during the trial. 

Liver Function: In trial 003, no mean changes in liver transaminases were noted during 
the trial. Alkaline phosphatase levels did increase in the abaloparatide and teriparatide 
treatment groups, likely related to the anabolic actions of the drug. As discussed in the 
primary clinical review, page 145, 10 subjects had transaminase elevations ≥3x the 
upper limit of normal during the trial. In 8 of the 10 subjects, the transaminase 
elevation was at a single time point. None of the subjects met the criteria for Hy’s law. 

Special Studies: Special studies in the application include renal CT scans for evaluation of soft 
tissue mineralization and bone biopsies for evaluation of bone histomorphometry. 

Renal CT: Renal calcification was noted in chronic toxicity studies in rats and 
monkeys.  In trial 003, a subset of 376 subjects underwent renal CT scans to assess for 
calcification of the renal parenchyma and collecting system. Overall, 208 subjects (71 
placebo, 71 abaloparatide, 66 teriparatide) had end of treatment scans performed. 
Baseline and end of treatment scans occurred in 133 subjects (45 placebo, 42 
abaloparatide, 46 teriparatide).

Results for the renal CT scans are only reported for renal calculi. In the end of 
treatment group, the presence of calculi in any location was detected in 8% of placebo-
treated subjects, 10% of abaloparatide-treated subjects, and 14% of teriparatide-treated 
subjects. In placebo-treated subjects with baseline and end of treatment scans, 18% had 
baseline  renal calculi and 11% had renal calculi evident at end of treatment. For 
abaloparatide-treated subjects renal calculi were present in 14% of subjects at baseline 
and 17% of subjects at end of treatment. For teriparatide-treated subjects, 4% had 
baseline renal calculi and 11% had renal calculi evident at end of treatment.   

Bone Histomorphometry: Bone biopsies using double tetracycline label were obtained 
from 105 subjects (35 placebo, 36 abaloparatide and 34 teriparatide).  Of the 105 
biopsies obtained, 78 (74%) were acceptable for histomorphometry evaluation. The 
remaining 26% were not evaluable due to significant damage and fragmentation.  Of 
the 78 biopsies processed, 66 exhibited double tetracycline labels, and 12 contained 
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single tetracycline labels. In all the biopsies containing double labels, dynamic 
measurements were performed. Qualitatively, there were no marrow abnormalities, no 
woven bone, and no excessive unmineralized osteoid. As outlined in the table below, 
there are no differences between the treatment groups. It is surprising that there is no 
evidence of increased bone remodeling or anabolism with abaloparatide or teriparatide. 
There is no evidence of safety concerns from these bone biopsy data. 

Table 14: Trial 003: Bone Histomorphometry
Parameter Placebo Abaloparatide Teriparatide

mean (SD) mean (SD) mean (SD)
N 35 36 34
Osteoid Thickness (μm) 5.8 ± 1.6 5.1 ± 1.0 5.4 ± 1.0
Osteoid Volume (%) 1.2 ± 1.0 0.8 ± 0.7 0.9 ± 0.6
Osteoid Surface (%) 9.5 ± 6.9 8.7 ± 7.3 9.8 ± 5.5
Mineral Apposition Rate (μm/d) 0.4 ± 0.1 0.5 ± 0.1 0.5 ± 0.1
Mineralizing Surface (%) 5.8 ± 4.7 4.8 ± 5.3 5.5 ± 5.5
Adjusted Apposition Rate (μm/d) 0.3 (0.1) 0.3 (0.2) 0.3 (0.2)
Mineralization Lag Time (days) 26 (14) 35(46) 31 (31)
Formation Period (days) 114 (64) 188 (226) 153 (158)
Bone Volume (%) 18.0 (5.8) 19.9 (6.1) 20.9 (6.3)
Trabecular Thickness (μm) 135 (32) 143  (35) 145 (30)
Eroded Surface (%) 2.4 (1.4) 1.7 (1.3) 1.9 (1.2)
Activation Frequency (per yr) 0.40 (0.28) 0.37 (0.38) 0.46 (0.39)
Cortical Thickness (μm) 632 (232) 711 (251) 644 (219)
Cortical Porosity %) 5.1 (2.3) 6.8 (3.2) 6.8 (3.0)
Source: BA058-05-03, bone biopsy expert report, table 14.3.5.11A

Human Factors: Tymlos is a drug/device combination product that is presented in a prefilled 
pen that contains 30 doses. Upon review of the initial instructions for use (IFU) and human 
factors validation study, the Division of Medication Errors and Prevention (DMEPA) noted 
that study participants either failed to prime the pen or primed the pen too often, and some 
subjects sustained needlestick injuries. At the midcycle communication, these concerns were 
conveyed to the Applicant. The Applicant revised the IFU and conducted an additional human 
factors validation study.  The Applicant submitted the revised IFU and validation study shortly 
before the late cycle meeting.  DMEPA noted that the priming failures continued and subjects 
had difficulty removing the needle from the pen causing needlestick injury.  These issues were 
discussed with the Applicant at the late cycle meeting. Based on the discussion, the Applicant 
again revised the IFU to address the failures.   The revised IFU and an updated Use Related 
Risk Analysis (URRA) were submitted for review. 

The revisions to the IFU are acceptable from a medication error perspective.  The revisions are 
supported by the updated use related risk analysis and additional validation testing is not 
required and the IFU is acceptable.  
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11. Advisory Committee Meeting 
An advisory committee meeting was not held for this product.  

12. Pediatrics
The Applicant submitted an agreed initial Pediatric Study Plan iPSP on 10/2/2015 requesting a 
full waiver of the requirement to conduct pediatric studies, given that postmenopausal 
osteoporosis does not exist in the pediatric population and that abaloparatide is likely to be 
unsafe in patients with open epiphyses.  The iPSP was reviewed by the Pediatric Review 
Committee (PeRC) on 10/21/15. PeRC concurred with the Applicant’s plan for a full waiver.

In this application, the Applicant requested a full waiver from pediatric studies because the 
studies would be impossible given the lack of the condition postmenopausal osteoporosis in 
the pediatric population.   The request was reviewed by PeRC December 7, 2016 and PeRC 
agreed the request was appropriate and acceptable. 

13. Other Relevant Regulatory Issues 
Financial disclosures: The Applicant has provided financial disclosure information on 89 of 91 
principal investigators and 308 of 319 subinvestigators that participated in trials BA058-05-
002, BA058-05-003, and BA058-05-007. Disclosure information for BA058-05-005 was not 
provided for the following reasons: the study is an extension of trial 003, the study is ongoing, 
and investigational product is not administered during the study. Dr. Voss has reviewed the 
provided financial disclosure information and found it acceptable.

Office of Scientific Investigations (OSI) audits:  The Applicant, Radius Health, and four 
clinical sites participating in study BA058-05-003 were inspected by the Office of Scientific 
Investigations.  

Radius Health, the Applicant for this NDA was inspected by OSI. The inspection audited 
protocols BA058-05-003 and BA058-05-005 and focused on the clinical investigators: Drs. 
Alexandersen, Russo, Lau, and Hala that were also inspected. A Form FDA 483, Inspectional 
Observations, was issued and noted that the transfer of obligations to a contract research 
organization was not described in writing for Protocol BA058-05-003. The observations were 
satisfactorily addressed by the Applicant. The inspection was classified as VAI.

Site 103 (Dr. Peter Alexandersen, Vejle, Denmark) was inspected because of a high percentage 
of screened to enrolled subjects, a low reporting rate for adverse events, and no history of 
inspections. The inspection occurred in September 2016 and was classified as NAI.

Site 121 (Dr. Luis Russo, Rio de Janeiro, Brazil) was inspected because of the large number of 
subjects enrolled, a low reporting rate for adverse events, a high rate of discontinuations, the 
inexperience of the investigator and no history of inspections. This site was also noted to have 
a large number of records with missing times  related to study disposition and end times 
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related to adverse events, concomitant medication, and medical history, such that it is unclear 
when disposition (e.g., study discontinuation) occurred or when this information was collected. 
The inspection occurred in October 2016 and was classified as NAI.

Site 181 (Dr. Edith Lau, Hong Kong) was inspected because of the large number of subjects 
enrolled, the inexperience of the investigator and a history of complaints. The inspection 
occurred in September 2016 and was classified as NAI.

Site 131 (Dr. Tomas Hala, Pardubice, Czech Republic). was inspected because of specific 
complaints raised by Contract Research Organizations. The inspection occurred in November 
2016 and was classified as NAI.

. Although the FDA 
inspection was NAI, OSI recommended a sensitivity analysis excluding site 131.  A sensitivity 
analysis excluding site 131 was conducted by Dr. Guo. As outlined in the table below, the 
statistical significance of the primary endpoint remains unchanged. Similar findings are seen 
with other efficacy endpoints (see Appendix 1 for complete details). 

Table 15: Trial BA058-05-003/005: Primary Endpoint Sensitivity Analysis excluding site 131
Placebo Abaloparatide Teriparatide

80 mcg 20 mcg
N 821 824 818
Trial 003, Month 18, ALL sites
n, mITT 711 690 717
Crude incidence, n (%) 30 (4.2) 4 (0.6) 6 (0.8)
Absolute Risk Reduction (95% CI) 3.6%

(5.42 , 2.10)
3.4%

(5.18 , 1.80)
Relative Risk Reduction (95% CI) 86%

(95 , 61)
80%

(92 , 53)
Trial 003, Month 18, Excluding site 131
n, mITT 625 608 633
Crude incidence, n (%) 26 (4.2) 3 (0.5) 5 (0.8)
Absolute Risk Reduction (95% CI) 3.7%

(5.56 , 2.05)
3.4%

(5.29 , 1.70)
Relative Risk Reduction (95% CI) 88%

(96 , 61)
80%

(93 , 51)
Source: statistical reviewer

14. Labeling 
Prescribing Information: The review team made significant changes to the proposed 
prescribing information.  Major issues that were discussed at the late cycle meeting include:
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a full length PTH product approved for the treatment of hypoparathyroidism in January, 2015. 
Natpara carries the same osteosarcoma risk. However, because hypoparathyroidism is a 
chronic lifetime condition, Natpara was approved with a REMS consisting of elements to 
ensure safe use, an implementation system and timetable for assessments. Natpara is only 
distributed by certified pharmacies and certified physicians.

This reviewer believes an approach similar to teriparatide is warranted.  A REMS consisting of 
a medication guide and communication plan to inform prescribers of the risk of osteosarcoma 
with abaloparatide should be implemented. Abaloparatide is not a duplicate of teriparatide. 
Teriparatide is a PTH 1-34 analog and abaloparatide is a PTHrP 1-34 analog. These are two 
different peptide products, although the mechanism of action is similar.  To not take the same 
approach regarding safety could send an erroneous message to patients and prescribers that the 
concern regarding osteosarcoma is not as important with abaloparatide. 

The Applicant submitted a proposed REMS consisting of a communication plan and timetable 
for assessments to address the risk of osteosarcoma.

The Office of Surveillance and Epidemiology believes differently from this reviewer. As 
outlined in the Division of Risk Management (DRISK) review, DRISK believes that a REMS 
is not needed to ensure the benefits of abaloparatide outweigh the risk of osteosarcoma. This 
assessment is based on the findings from the Forteo (teriparatide) REMS assessment report, 
which indicated that prescribers are familiar with the risk of osteosarcoma.

After several internal meetings and discussion, this reviewer recognizes that the predominant 
opinion of the review team, including DRISK and DBRUP management, is that labeling is 
sufficient to ensure the benefits of abaloparatide outweigh the risks. Therefore, the approach 
will be more aggressive labeling in the boxed warning for abaloparatide, including moving the 
lifetime duration of use to the boxed warning. Because the activity of teriparatide and 
abaloparatide occur through the same receptor, the lifetime limitation of exposure is expanded 
to include use of abaloparatide, teriparatide and other PTH products for the osteoporosis 
indication.   

Postmarketing Requirements (PMRs) and Commitments (PMCs)

As previously noted, the safety concern regarding osteosarcoma resulted in postmarketing 
required studies for teriparatide. The first, in 2002, was a case control study – identifying 
patients diagnosed with osteosarcoma who were then queried regarding use of Forteo.  

 a voluntary registry was begun in 2009. Careful consideration 
for postmarketing studies evaluating for osteosarcoma was done.  Osteosarcoma is a rare 
cancer with an unknown latency period and an incidence of 1.7-4.4 per million, depending on 
age. The number of patients with osteoporosis potentially exposed to abaloparatide is low and 
it is unlikely that an observational study would be able to provide risk estimates that would 
allow for revision of the osteosarcoma boxed warning.  For the same reasons, the ARIA 
programs in Sentinel are unlikely to provide useful data. 
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To date, 16 potential cases of osteosarcoma have been reported to FAERS. However, most 
cases have insufficient information to allow classification as probable/likely or possible. 
Therefore, FAERS has captured more osteosarcoma cases than the postmarketing surveillance 
studies for teriparatide. For these reasons, the Division of Epidemiology and Division of 
Pharmacovigilance believe that enhanced pharmacovigilance is the best method available to 
capture important data for any osteosarcoma case reported. The clinical team agrees with this 
approach and the Applicant has agreed to the osteosarcoma enhanced pharmacovigilance 
questionnaire. No other postmarketing required studies have been considered for this 
application.

As previously discussed, further evaluation of immunogenicity samples is needed. The study 
can be conducted as a postmarketing commitment:
 
To provide a more accurate description of the immune response to abaloparatide, we are 
requesting that you test additional serum samples from patients enrolled in Study BA058-05-
003 as a Postmarketing Commitment (PMC). Based on results from this testing, revisions to 
the prescribing information may be needed.

We recommend that this PMC study be conducted in two parts:

Part 1:
 Test for abaloparatide binding antibodies in all collected serum samples not previously 

tested for abaloparatide binding antibodies. Test the confirmed positive samples for 
abaloparatide binding anti-drug antibody (ADA) titer, and abaloparatide drug 
neutralization.

Part 2
 Test all confirmed anti-abaloparatide positive serum samples for antibodies able to cross-

react with or neutralize endogenous PTH or PTHrP.

Timeline:
July, 2017: Protocol finalization for Protocol: Enhanced Assessment of Immunogenicity in 

Patients Treated with Abaloparatide-SC

November, 2017:  Completion of testing for abaloparatide binding antibodies in all collected 
serum samples not previously tested for abaloparatide binding antibodies

January 2018:  Completion of testing the confirmed positive samples for abaloparatide binding 
anti-drug antibody titer, and abaloparatide neutralization.

March, 2018:  Completion of testing of all confirmed anti-abaloparatide positive serum 
samples for antibodies able to cross-react with or neutralize endogenous PTH or 
PTHrP.

July 2018: Final Immunogenicity Testing Report providing complete testing results, time 
course of antibody formation and disappearance and an evaluation of the 
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potential clinical effects of the antibodies on clinical safety and efficacy 
endpoints.

16. Recommended Comments to the Applicant
None
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Appendix 1: Sensitivity Analyses, removing site 131
Table 1: Summary of Incidence of New VF – Study 003 (MITT population excluding Site 131)

Incidence of New VF
Parameter

Abaloparatide-SC
(N=608)

Teraparatide
(N=633)

Placebo
(N=625)

n/N (%)
95% CI
P-value

3/608 (0.49%)
0.17%, 1.44%

<0.0001

5/633 (0.79%)
0.34%, 1.84%

<0.0001

26/625 (4.16%)
2.85%, 6.03%

Risk reduction vs. placebo
95% CI

-3.67%
(-5.56%, -2.05%)

-3.37%
(-5.29%, -1.70%)

Relative risk reduction vs. placebo
95% CI

-88%
(-96%, -61%)

-80%
(-93%, -51%)

          Source: Reviewer’s analysis. 

Table 2 Incidence of New Vertebral Fracture for subjects in both Study 03 and 05 (mITT population excluding site 
131)

Study 03 Study 03 + Study 05

Parameter Abaloparatide-SC
(N=476)

Placebo
(N=506)

Abaloparatide-SC
(N=476)

Placebo
(N=506)

n/N (%)
95% CI
P-value

2/476 (0.42%)
(0.12%, 1.52%)

0.0007

17/506 (3.36%)
(2.11%, 5.31%)

2/476 (0.42%)
(0.12%, 1.52%)

<0.0001

23/506 (4.55%)
(3.05%, 6.73%)

Risk reduction vs. placebo
95% CI

-2.94%
(-4.92%, -1.27%)

-4.13%
(-6.33%, -2.27%)

Relative risk reduction vs. placebo
95% CI

-87%
(-97%, -46%)

-91%
(-98%, -61%)

Source: Table 11 in Study 005 report.

Table 3: Summary of BMD at Month 18 – Study 003 (ITT population excluding site 131)
Location Statistic

Placebo
(N = 722)

Abaloparatide- 
SC

(N = 726)

Teriparatide
(N = 722)

Baseline (SD)
% Change from baseline  (SD) 

0.76 (0.10)
-0.0 (2.8)

0.76 (0.09)
3.3 (3.4)

0.77 (0.10)
2.9 (3.3)

Total Hip

LS mean diff vs. placebo (SE)
95% CI

P-value vs. placebo
P-value vs. Teriparatide

3.3 (0.1)
(3.0, 3.6)
<0.0001
0.0139

3.0 (0.1)
(2.7, 3.3)
<0.0001

Baseline (SD)
 % Change from baseline (SD)

0.72 (0.10)
-0.4 (3.6)

0.73 (0.09)
2.7 (4.0)

0.73 (0.10)
2.3 (3.6)

Femoral neck

LS mean diff vs. placebo
95% CI

P-value vs. placebo
P-value vs. teriparatide

3.1 (0.2)
(2.8, 3.5)
<0.0001
0.0289

2.8 (0.2)
(2.4, 3.1)
<0.0001

    Baseline (SD)
% Change from baseline (SD)

0.81 (0.10)
0.5 (4.0)

0.82 (0.11)
9.1 (7.6)

0.83 (0.11)
9.2 (6.4)

Lumbar Spine

LS mean diff vs. placebo
95% CI

P-value vs. placebo
P-value vs. teriparatide

8.6 (0.3)
(8.1, 9.2)
<0.0001
0.6202

8.8 (0.3)
(8.2, 9.3)
<0.0001

Source: Reviewer’s analysis.
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Table 4 Summary of BMD at Month 25 – Study 005 (ITT population)

Location Statistic
Placebo

(N = 514)
Abaloparatide- SC

(N = 489)
Baseline (SD)

% Change from baseline  (SD) 
0.76 (0.10)
1.4 (3.0)

0.77 (0.09)
5.3 (3.8)

Total Hip

LS mean diff vs. placebo (SE)
95% CI

P-value vs. placebo

4.0 (0.2)
(3.6, 4.3)
<0.0001

Baseline (SD)
 % Change from baseline (SD)

0.72 (0.10)
0.5 (3.9)

0.73 (0.09)
4.3 (4.6)

Femoral neck

LS mean diff vs. placebo
95% CI

P-value vs. placebo

3.9 (0.2)
(3.4, 4.3)
<0.0001

    Baseline (SD)
% Change from baseline (SD)

0.82 (0.10)
3.7 (4.5)

0.82 (0.10)
12.8 (8.0)

Lumbar Spine

LS mean diff vs. placebo
95% CI

P-value vs. placebo

9.2 (0.3)
(8.5, 9.9)
<0.0001

                   Source: Reviewer’s analysis.

Table 5: Time to first NVF (ITT population excluding site 131)

Time-to-First NVF                                            
Parameter

Placebo
(N = 700)

         
  Abaloparatide- SC
        (N = 708)

  Teriparatide
    (N = 818)

K-M Estimated Event Rate at 19 
M t

3.7% 2.3% 2.2%
Number of Patients with Event  

                                    n (%) 23 (3.2%) 16 (2.2%) 14 (2.0%)
Hazard Ratio vs Placebo [1]

   Hazard ratio  (95% CI)
-

0.72 (0.38, 1.37) 0.60 (0.31, 1.16)
Hazard Ratio vs Teriparatide [1] 

Hazard ratio  (95% CI)
-

1.21 (0.59, 2.48)
-

P-value vs Placebo [2] - 0.4523 0.2065
P-value vs Teriparatide [2] - 0.8334 -

Source: Reviewer’s analysis. 

Table 6: Time to first NVF from study 003 Baseline through the first 25 months (005 ITT population excluding site 
131)

Time-to-First NVF                                            
Parameter

Placebo
(N = 514)

Abaloparatide- SC
(N =489)

K-M Estimated Event Rate at 25 
Months

5.0% 2.2%

Number of Patients with Event  
                                    n (%) 25 (4.9%) 12 (2.5%)
Hazard Ratio vs Placebo [1]

    Hazard ratio  (95% CI) 0.50 (0.25, 0.99)

P-value vs Placebo [2] 0.0439
Source: Reviewer’s analysis.
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