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1. EXECUTIVE SUMMARY 

Abaloparatide is a 34 amino acid parathyroid analogue, an activator of the parathyroid hormone 
1 receptor to improve skeletal architecture, build bone, and increase bone strength.  
Abaloparatide is a new molecular entity that is being sought for the treatment of osteoporosis in 
postmenopausal women.  The Applicant conducted a Phase 2 dose finding study and a Phase 3 
study to support safety and efficacy of abaloparatide. 

1.1 Recommendations 

The Office of Clinical Pharmacology Divisions of Clinical Pharmacology-3 and 
Pharmacometrics have reviewed the information contained in NDA 208743 and recommend 
approval of this NDA.  The key review issues with specific recommendations/comments are 
summarized in the table below: 

Review Issue Recommendations and Comments 

Pivotal or supportive evidence 
of effectiveness 

Substantial evidence of effectiveness was demonstrated by the 
phase 3 trial as measured by vertebral and non-vertebral 
fracture, and bone mineral density (BMD) assessments. Dose-
response information for BMD and bone biomarkers provide 
supportive evidence.  A dose finding study showed a dose 
dependent increase in BMD for the intertrochanteric 
area/femoral shaft and total analyzable spine – two clinically 
relevant areas. 

General dosing instructions The recommended dose is 80 mcg (in 40 mcL) once daily for 
postmenopausal women with osteoporosis.   

Dosing in patient subgroups 
(intrinsic and extrinsic 
factors) 

Patients with severe renal impairment may experience 
exposure-related increase in adverse reactions.  Patients should 
be monitored for an increase in heart rate.   

Labeling The review team has specific content and formatting change 
recommendations. 

Bridge between the to-be-
marketed and clinical trial 
formulations 
 

The to-be-marketed pen injector (UnoPen) has been 
demonstrated to be bioequivalent to the clinical pen injector 
(BD II pen) based upon measured abaloparatide concentrations 
in a bioequivalence study.  

 

1.2 Post-Marketing Requirements and Commitments 
None 

Reference ID: 4028441



5 
 

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT 
 

2.1 Pharmacology and Clinical Pharmacokinetics 

Abaloparatide is a synthetic peptide consisting of 34 amino acids that resembles a portion of the 
human parathyroid hormone.  It has a 46% homology to the 34 N-terminal amino acids of the 
endogenous parathyroid hormone 1-34 (PTH 1-34) and was developed to treat postmenopausal 
women with osteoporosis.  

Absorption: The median (range) time to peak concentration of abaloparatide 80 mcg was 0.51 
hr (0.25 to 0.52 hr) following subcutaneous (SC) administration.  Absolute bioavailability of 
abaloparatide after subcutaneous administration of 80 mcg was 36%.  
 
Mean (SD) Pharmacokinetic Profile of Abaloparatide 80 mcg Administered Once Daily for 7 
Days in Postmenopausal Women (N=8).   

 
 
Distribution: The volume of distribution is approximately 50 L.  Plasma protein binding of 
abaloparatide is approximately 70%. 
 
Metabolism: Abaloparatide is not metabolized by CYP-mediated enzymes.  It is degraded into 
smaller peptide fragments by non-specific proteases, followed by renal excretion. 
 
Excretion: Animal studies suggest that abaloparatide is eliminated through renal excretion into 
the urine. 
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2.2 Dosing and Therapeutic Individualization 

2.2.1 General dosing 

The proposed abaloparatide dose is 80 mcg (40 mcL) with once daily SC administration in the 
periumbilical region of the abdomen.  The multi-dose cartridge contains approximately  mL 
of abaloparatide solution (2 mg/mL) sufficient for 30 days of treatment.  Patients in the phase 3 
study were given cartridges, pen, and needles for self-administration. The proposed dosing 
regimen is acceptable for  postmenopausal women with osteoporosis.   

2.2.2 Therapeutic individualization 

Renal Impairment: In a dedicated renal impairment study, the PK of a single 80 mcg SC dose 
of abaloparatide in subjects with mild (CLCr 60 to 89 mL/min), moderate (CLCr 30 to 59 
mL/min) and severe renal impairment (CLCr 15 to 29 mL/min) was compared with those in 
subjects with normal renal function (CLCr 90 or greater mL/min).  Cmax increased 1.3- and 1.4-
fold in patients with moderate and severe renal impairment, respectively, 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, compared to subjects with normal renal function.  Based 
on a population PK model of patients in the phase 3 study BA054-05-003, AUC increased 1.2-, 
1.4-, and 1.4-fold in female patients with mild, moderate, and severe renal impairment, compared 
to healthy control subjects.   No dose adjustment is recommended in patients with mild or 
moderate renal impairment.   

The sponsor’s proposed label  
  Patients with severe renal impairment will have increased AUC that range 

from 1.4- to 2.1-fold (based upon the renal impairment study and the aforementioned popPK 
model) and Cmax increase of 1.4-fold (based upon the dedicated renal impairment study).  These 
exposure changes are lower than those observed in patients enrolled in the thorough QT study in 
which significant heart rate increase (~15 bpm) was observed in the 240 mcg group (3 times the 
recommended dose).  Use of abaloparatide in patients with severe renal impairment may likely 
be accompanied with an increase in exposure and adverse reactions; therefore, patients should be 
monitored for adverse reactions    

2.3 Outstanding Issues 

None 

2.4 Summary of Labeling Recommendations 

The Office of Clinical Pharmacology recommends the following labeling elements be included 
in the final labeling insert: 
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For bone resorption, CTX peaked at Month 3 with 49% increase above baseline and then 
declined to 20% above baseline by Month 18 (figure 3.3.1-2).   
  
Figure 3.3.1-2. Geometric Mean Ratio (+/-SE) of Bone Resorption Marker Serum CTX up to 
Month 18 (Applicant’s study report BA058-05-003, figure 14). 

 
 
The bone marker data from the phase 3 study confirms the findings from the phase 2 study in 
which markers for both bone formation and resorption increased with abaloparatide treatment 
relative to placebo.  
 
Supportive evidence for the proposed dose and dosing regimen came from a phase 2 dose finding 
study BA058-05-002.  It was a randomized, parallel-group study to evaluate the effects of 
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abaloparatide in the treatment of postmenopausal women with osteoporosis for a treatment 
duration of 24 weeks with an extension period of 24 weeks.  Both a placebo arm and an active 
comparator arm (teriparatide) were included in the study design together with multiple doses of 
abaloparatide to assess the absolute and relative efficacy of abaloparatide.  A total of 211 patients 
were randomized into five treatment arms (placebo, abaloparatide-SC 20 mcg, 40 mcg, 80 mcg, 
and teriparatide 20 mcg.  Efficacy assessments included BMD (surrogates for clinical fracture) of 
the intertrochanteric area/femoral neck (representing total hip), femoral neck, and lumbar spine.  
Pharmacodynamic markers for bone formation and resorption (indirect and more distal measures 
of fracture) included:  P1NP, BSAP, osteocalcin, P1CP, and CTX.  
 
Efficacy results at Weeks 12 and 24 of Study BA058-05-002 indicate that abaloparatide induced 
a dose-dependent increase in bone mineral density in the hip region (figure 3.3.1-3, table 3.3.1-1) 
and spine bone density (figure 3.3.1-4, table 3.3.1-2). Abaloparatide also induced an increase in 
bone mineral density in the femoral neck (figure 3.3.1-5, table 3.3.1-3) but a dose dependency 
was not apparent (Note: BA058 denotes abaloparatide in these figures). 
 

Hip Intertrochanteric Area/Femoral Shaft BMD 

Figure 3.3.1-3. Mean (SEM) Percent Change From Baseline at Weeks 12 and 24 in Hip 
Intertrochanteric Area/Femoral Shaft BMD in the ITT Population (N=221) (Applicant’s study 
report, figure 11-12). 
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Table 3.3.1-1. Hip Intertrochanteric Area/Femoral Shaft BMD values at Baseline, at Week 24, 
and % Change from Baseline Following Abaloparatide Treatment in the ITT Population (N=221) 
(prepared using the Applicant’s data in table 11-23)   

Mean (SD) 
BMD values, 
g/cm2 

Placebo 
(N=37) 

Abaloparatide 
20 mcg (N=29) 

Abaloparatide 
40 mcg (N=29) 

Abaloparatide 
80 mcg (N=28) 

Teriparatide  
20 mcg (N=32) 

Baseline 0.896 0.905 0.875 0.882 0.913 

Week 24 0.901 0.917 0.895 0.916 0.913 

Change from 
Baseline 

0.005 0.012 0.020 0.034 0.001 

% Change from 
Baseline  

0.563 1.228 2.534 3.857 0.136 

 

Total Analyzable Spine 

Figure 3.3.1-4. Mean (SEM) Percent Change From Baseline at Weeks 12 and 24 in Total 
Analyzable Spine BMD in the ITT Population (N=221) (Applicant’s study report, figure 11-2). 
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Table 3.3.1-2. Spine BMD values at Baseline, at Week 24, and % Change From Baseline 
Following Abaloparatide Treatment in the ITT Population (N=221) (prepared using the 
Applicant’s data in table 11-13).   

Mean (SD) BMD 
values, g/cm2 

Placebo 
(N=37) 

Abaloparatide 
20 mcg (N=29) 

Abaloparatide 
40 mcg (N=29) 

Abaloparatide 
80 mcg (N=28) 

Teriparatide  
20 mcg (N=32) 

Baseline 0.783 (0.113) 0.766 (0.110) 0.753 (0.089) 0.749 (0.108) 0.763 (0.108) 

Week 24 0.795 (0.1117) 0.789 (0.110) 0.792 (0.091) 0.799 (0.114) 0.804 (0.111) 

% Change from 
Baseline 

1.57 (3.37) 2.28 (2.61) 5.24 (4.51) 6.66 (4.17) 5.51 (4.12) 

 

Femoral Neck BMD 

Figure 3.3.1-5. Mean (SEM) Percent Change From Baseline at Weeks 12 and 24 in Femoral 
Neck BMD in the ITT Population (N=221) (Applicant’s study report, figure 11-7). 

 

 

Table 3.3.1-3. Femoral Neck BMD values at Baseline, at Week 24, and % Change from Baseline 
Following Abaloparatide Treatment in the ITT Population (N=221) (prepared using the 
Applicant’s data in table 11-18).   
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Mean (SD) BMD 
values, g/cm2 

Placebo 
(N=37) 

Abaloparatide 
20 mcg (N=29) 

Abaloparatide 
40 mcg (N=29) 

Abaloparatide 
80 mcg (N=28) 

Teriparatide  
20 mcg (N=32) 

Baseline 0.653 (0.118) 0.654 (0.115) 0.655 (0.096) 0.628 (0.101) 0.669 (0.102) 

Week 24 0.659 (0.119) 0.671 (0.119) 0.668 (0.096) 0.647 (0.107) 0.676 (0.108) 

Change from 
Baseline 

0.0058 0.0179 0.0138 0.0190 0.0072 

% Change from 
Baseline  

0.79 (4.80) 2.69 (4.02) 2.20 (4.41) 3.07 (4.18) 1.07 (4.56) 

 
There is a linear and dose dependent response relationship for BMD of the hip intertrochanteric 
area/femoral shaft (representing total hip) and total analyzable spine.  Linear regression of the 
data resulted in a correlation coefficient of r 2 = 0.98 and 0.94, respectively, following 
subcutaneous abaloparatide 20, 40, and 80 mcg and placebo. The relationship between BMD of 
the femoral neck and abaloparatide dose was less robust with an r2=0.63.  
 

Bone Formation Markers – P1NP 
 
Figure 3.3.1-6. Percent Change from Baseline to Weeks 1, 2, 4, 12, and 24 in PINP (ITT 
Population, N=221) 

 
Source: Figure 11-26 on page 150 of applicant’s clinical study report BA058-05-002 
 

In the phase 2 study, increases in bone formation marker P1NP peaked at Week 4 and declined 
following abaloparatide 80 mcg (figure 3.3.1-6); this is consistent with observations of P1NP in 
the phase 3 study where the peak was also observed after 4 weeks treatment, followed by a 
decline by Month 18.  The response to teriparatide was generally greater for all bone formation 
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markers. This pattern of response is consistent with published data and with the hypothesis that 
teriparatide elicits an initial response in BMD.  However, over a period of more prolonged 
exposure, this response may be gradually attenuated and associated with a continuing rise in 
markers of bone resorption. 
 
Bone Resorption Marker - CTX 

Figure 3.3.1-7. Percent Change from Baseline to Weeks 1, 2, 4, 12, and 24 in CTX (ITT 
Population, N=221) 

 

 

Consistent with known bone resorption effects of endogenous parathyroid hormone and synthetic 
parathyroid hormone analogue teriparatide, abaloparatide also induces bone resorption with 
effects higher at the 40 and 80 mcg doses vs the 20 mcg dose.  In the phase 3 study, CTX peaked 
at 49% above baseline by Month 3 and declined to 30% above baseline at Month 18 (figure 
3.3.1-7).  Due to the shorter treatment duration of 24 weeks, a decline of CTX was not observed 
in the phase 2 study.     
   

3.3.2 Is the proposed dosing regimen appropriate for the  for which 
the indication is being sought? 
 
Overall Efficacy 

Yes, the proposed dosing regimen was assessed in a phase 3 study BA 058-05-003.  The 
Applicant evaluated the effect of subcutaneous abaloparatide 80 mcg, placebo, and active 
comparator teriparatide 20 mcg (Forteo®) in an 18-month, randomized, multi-center study in 
2,463 postmenopausal women at risk of fracture.  The primary and secondary endpoints were the 
incidence of new vertebral fractures (table 3.3.2-1) and non-vertebral fractures (table 3.3.2-2), 
respectively, compared to placebo.   
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p-value vs. teriparatide**  0.4383  

* Cox proportional hazard model 
** log rank test 
Source: CSR Section 14, Table 14.2.4.1A 
  
The number of patients with a new nonvertebral fracture following 18 months of treatment with 
abaloparatide 80 mcg was 18 (2.2%), compared to 33 (4.0%) in the placebo group.  The 
incidence of new vertebral fractures between abaloparatide and placebo was statistically 
significant with a p-value <0.0489.  The number of patients with a new nonvertebral fracture was 
24 (2.9%) following 18 months of teriparatide treatment, but it was not statistically significant 
(p=0.2157), compared to placebo. 
   
Overall, once daily administration of subcutaneous abaloparatide 80 mcg showed numerical and 
statistically significant improvement in the incidence of new vertebral and nonvertebral fractures 
in postmenopausal women with osteoporosis. 
 
Applicability of Efficacy Finding Derived From International Patients to U.S. Patients: 

A total of 810 patients enrolled at 28 sites in 10 countries (Poland, Brazil, United States, 
Denmark, Czech Republic, Estonia, Lithuania, Romania, Hong Kong, and Argentina) were 
treated with abaloparatide SC 80 mcg for 18 months.  The Applicant is seeking approval to 
market abaloparatide SC injection in the U.S.; however, the majority of phase 3 efficacy and 
safety data were derived from phase 3 patients enrolled at 23 international sites.  The U.S. 
population treated with abaloparatide consisted of only 17 patients (~2% of those treated with 
abaloparatide) from 5 U.S. sites; therefore, assessing the applicability of non-U.S. efficacy 
findings to U.S. patients is critical. 
 
Eight patients were from 1 of the 5 U.S. clinical sites (#216), and those eight patients 
demonstrated lower BMD response with abaloparatide SC 80 mcg compared to the overall study 
population.  The mean % change from baseline in BMD of total hip, femoral neck, and lumbar 
spine in those 8 patients was 0.2 %, 0.2%, and 0.9%, respectively, compared to 3.4%, 2.9%, and 
9.2%, respectively, in the overall abaloparatide study population.  The reason for the lower 
response at site 216 compared to all the sites is unclear; however, the response to the active 
comparator teriparatide in patients enrolled at site 216 was substantially lower as well.  Of the 
four remaining U.S. sites (211-214), the mean % change from baseline in BMD of total hip, 
femoral neck, and lumbar spine was 1.6%, 2.3%, and 6.7%, respectively.  The BMD response in 
the other 9 U.S. patients was slightly lower, but appears to be comparable to the overall 
population despite the limited information in U.S. patients. 
 
Additional information that supports the applicability of the regimen to the U.S. population is the 
abaloparatide exposure data.  The mean abaloparatide exposure (AUC) was 1463, 1474, and 
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1463 pg.hr/mL in patients enrolled at U.S. site #216, at all five U.S. sites (#211-216), and at 
twenty-three international sites (#101-201), respectively.  This suggests that exposures were 
similar between U.S. patients and other study patients. 
 
Overall, based upon an established dose-BMD response relationship for abaloparatide, similarity 
in abaloparatide exposure following treatment of abaloparatide SC 80 mcg, and similarity in 
efficacy response between U.S. (excluding site 216) and non-U.S. patients, the clinical 
pharmacology review team considers efficacy findings from international patients applicable to 
the U.S. patient population.   
 
Safety 
Teriparatide, a PTH analog, has been shown to cause osteosarcoma, a malignant bone tumor, in 
rats.  While the relevance of this nonclinical finding to humans is unclear, it nonetheless has 
resulted in having this osteosarcoma concern included in a Boxed Warning for teriparatide, a 
Risk Evaluation and Mitigation Strategy (REMS) to continue post-approval monitoring of 
osteosarcoma in humans, and two post-marketing studies for collecting additional information on 
this safety concern.  The nonclinical program for abaloparatide has also shown that osteosarcoma 
developed in rats at all three doses evaluated; a no-effect dose for osteosarcoma was not 
identified for abaloparatide in the nonclinical program.  At the lowest dose (10 mcg/kg/day) 
administered to rats, the abaloparatide exposure (AUC) in male and female rats was 4-fold and 3-
fold, respectively, of that in humans administered abaloparatide SC 80 mcg.  Based upon the 
highest observed human AUC (2313 pg.hr/mL) in phase 3, the exposure (AUC) difference 
between the proposed human dose and lowest dose associated with osteosarcoma development in 
rats is 2.4-fold.  The dedicated renal impairment study showed that exposure (AUC) in patients 
with severe renal impairment was 2.1-fold higher, compared to subjects with normal renal 
function.  The risk of osteosarcoma is possible, particularly in scenarios where abaloparatide 
exposure may be higher than in a typical patient (i.e., with severe renal impairment); therefore, 
labeling of an osteosarcoma risk with abaloparatide use is recommended.           
 
Regarding other safety signals, the most frequently observed treatment-emergent adverse event 
(TEAE) in the phase 3 study in the abaloparatide group was hypercalciuria: 10.9% versus 12.5% 
in the teriparatide group and 8.9% in the placebo group. Other common (≥5% in the 
abaloparatide group) TEAEs included dizziness, nausea, upper respiratory tract infection, 
headache, hypertension, influenza, urinary tract infection, and palpitation. 
 
AEs leading to study drug discontinuation occurred more frequently in the abaloparatide group 
(81 patients [9.9%]) compared with placebo (50 patients [6.1%]) or teriparatide (56 patients 
[6.8%]). The most frequent AEs leading to study drug discontinuation in the abaloparatide 80 
mcg group were nausea (1.6%), dizziness (1.2%), headache (1.0%), and palpitations (0.9%). 
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Overall, the noted adverse events, as well as the osteosarcoma findings in rats, do not suggest 
that the abaloparatide SC 80 mcg regimen evaluated in the Phase 3 trial  

.  Labeling should be included to reflect those drug-related adverse 
events such as palpitations and hypercalciuria, and concerns regarding the potential for 
osteosarcoma should be included in labeling based on the nonclinical findings. 

3.3.3 Is an alternative dosing regimen and/or management strategy required for 
subpopulations based on intrinsic factors? 
 
Renal Impairment 
In a dedicated renal impairment study, the PK of a single 80 mcg SC dose of abaloparatide in 
subjects with mild (CLCr 60 to 89 mL/min), moderate (CLCr 30 to 59 mL/min) and severe renal 
impairment (CLCr 15 to 29 mL/min) was compared with those in subjects with normal renal 
function (CLCr 90 or greater mL/min).  Cmax increased 1.3- and 1.4-fold in patients with 
moderate and severe renal impairment, respectively, 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, compared to subjects with normal renal function.   
 
The following table of abaloparatide PK parameters was prepared using the Applicant’s data in 
study report BA058-0511, table 7.   

PK Parameter 
(%CV) 

Normal Function 
(N=8; 4M, 4W) 

Mild Impairment 
(N=8; 4M, 4W) 

Moderate Impairment 
(N=7; 4M, 3W) 

Severe Impairment 
(N=8; 5M, 3W) 

Cmax (pg/mL) 431 (33) 444 (35) 575 (24) 639 (42) 

AUC0-inf 
(pg.hr/mL) 

576 (37) 652 (31) 956 (32) 1241 (42) 

CL/f (L/hr) 170 (61) 137 (40) 92 (35) 78 (51) 

t1/2 1.1 (31) 1.2 (64) 1.5 (29) 1.9 (44) 

Tmax (hr)* 0.38 (0.25, 0.50) 0.36 (0.25, 0.55) 0.48 (0.25, 1.02) 0.34 (0.25, 0.50) 

*range 
 

Based on a population PK model of phase 3 study BA054-05-003, AUC increased 1.2-, 1.4-, and 
1.4-fold in male patients with mild, moderate, and severe renal impairment, compared to healthy 
control subjects.   These results are in agreement with those from the dedicated renal impairment 
study.  Taken together, the results support that no dose adjustment is recommended in patients 
with mild or moderate renal impairment.  
 
Patients with severe renal impairment were excluded from enrollment in the phase 3 study. The 
dedicated renal impairment study BA058-05-12 showed a 1.4-fold increase in Cmax and a 2.1-
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fold increase in AUC0-inf in this population.  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, we 
recommend prescribers to monitor for increases in adverse reactions  

 in patients with severe renal impairment.   
 
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 were analyzed and stratified 
based upon discrete age ranges.  Based upon this analysis, abaloparatide exposure was not 
affected by age and a dose-adjustment in postmenopausal women due to age is not 
recommended.  
 
The following table summarizes abaloparatide exposure in postmenopausal women stratified by 
age treated with abaloparatide SC 80 mcg for 18 months.  

 Abaloparatide AUC (pg.hr/mL) 

Age range (yrs) # of Patients (N) Mean Stdev Median 

49 to 59 84 1347 165 1321 

60 to 69 343 1429 155 1429 

70 to 79 260 1546 189 1516 

>79 284 1404 252 1378 

 
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 were 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.  
 
The following table summarizes abaloparatide exposure in Asian, Black, White, and Other 
postmenopausal women treated with abaloparatide SC 80 mcg for 18 months.  

 Abaloparatide AUC (pg.hr/mL) 

Age range (yrs) # of Patients (N) Mean Stdev Median 

Asian 126 1550 203 1514 

Black 25 1616 176 1614 

White 650 1451 165 1443 

Other 7 1485 193 1495 
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The following figures show the effect of abaloparatide, placebo, and teriparatide on spine BMD 
in Asian, Black, and White postmenopausal women with osteoporosis following 18 months of 
treatment.  

 
 
3.3.4 Are there clinically relevant food-drug or drug-drug interactions and what is the 
appropriate management strategy?  

No. Abaloparatide is a synthetic 34 amino acid peptide.  It is not metabolized by CYP enzymes, 
but rather is digested to smaller peptides by non-specific proteases and excreted in the urine.  
Abaloparatide will be administered subcutaneously in the periumbilical area of the abdomen and 
therefore not subject food-drug interaction.  

3.3.5 Is the to-be-marketed formulation the same as the clinical trial formulation, and if not, 
are there bioequivalence data to support the to-be-marketed formulation? 

In the pivotal phase 3 trial, abaloparatide was administered subcutaneously using multi-dose 
cartridges inserted into Becton-Dickenson (BD) II pen injectors, while the to-be-marketed 
product is the same multi-dose cartridge inserted into an UnoPen pen injector.  In a single-dose, 
two-center, two-way, crossover study in healthy postmenopausal women, the Applicant assessed 
the bioequivalence of abaloparatide exposure following subcutaneous administration with either 
a BD II pen injector or an UnoPen injector.   
 
Based upon results from an inspection of the bioanalytical site by the Office of Study Integrity 
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. 
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Statistical Analysis of abaloparatide SC 80 mcg (excluding two patients noted above).  

PK Parameter 
BD II Pen 

(Reference) 
N=29 

UnoPen 
(Test) 
N=26 

GMR 
Test/Reference  

(%) 

90% CI of GMR 
Test/Reference  

(%) 

Cmax (pg/mL) 582.4 607.8 104.4 94.8, 114.9 

AUC0-t (pg.hr/mL) 804.7 880.2 109.4 98.4, 121.6 

AUC0-inf 

(pg hr/mL) 
857.3 935.5 109.1 98.2, 121.3 

 
The geometric mean ratio (90% CI) of Cmax for the UnoPen injector versus the BD II pen 
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 DB II pen injector and the UnoPen injector are bioequivalent. 

4. APPENDICES 

4.1 Summary of Bioanalytical Method Validation and Performance 
Three radioimmunoassay (RIA) bioanalytical methods were used to measure plasma 
concentrations of abaloparatide for determination of PK in the clinical studies. The assays were 
adequately validated.  

The RIA method initially developed at  was validated and was used in the first-in-
human study (Study 2-52-52127-001). The method was transferred to  

 where it was subsequently validated with a quantification range of 20 to 400 
pg/mL using 1.2 mL plasma. Two Phase 1 and one Phase 2 studies used this method (Studies 
BA058-05-001, BA058-05-001B, and BA058-05-002). The  RIA method was then 
transferred to  where it was validated for use with sample volumes 
of 1.2 mL and of 0.6 mL. The calibration ranges were 20 to 800 pg/mL and 20 to 1600 pg/ml, for 
plasma sample volumes of 1.2 mL and 0.6 mL, respectively.  conducted sample analysis in 
all remaining studies in the NDA. 

All abaloparatide RIA methods were validated using EDTA plasma samples with the addition of 
the protease inhibitor aprotinin at concentration of 0.1 mg/mL to stabilize the abaloparatide from 
nonspecific proteolytic degradation. The validation at  was based on acceptance criteria for 
accuracy and precision of ±25% at the lower and upper limit of quantification and ±20% at low, 
medium and high quality control samples (QCs). Summary of  method’s validation precision 
and accuracy results for the 3 QC levels (as reported in the Applicant’s Addendum 2 to the 
method validation report) is shown below.  
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Parameter/Methods  

Intra-run precision 2.4 – 8.6% 

Intra-run accuracy 1.3 – 18% 

Inter-run precision 6.3 – 16.1% 

Inter-run accuracy -2.8 – 8.3% 

 

The  RIA method was used to determine the long term stability for at least 3.5 years (1306 
days) of abaloparatide in plasma containing aprotinin when frozen at -70°C. 

 validation addendum #3 dated November 2014 assessed whether anti-abaloparatide 
antibodies interferes with the measurement of abaloparatide concentration using the RIA method. 
QC low, medium and high were spiked with anti-abaloparatide antibodies at final levels of 
1:45000, 1:90000, and 1:315000 or diluent. The results showed that recovery relative to diluent 
control appears to decrease in a concentration dependent manner and ranged from 64.7 to 83.7% 
for 1:45000 level, 75.0 to 88.2% for 1:90000 level, and 80.0 to 99.7% for 1:315000 level. These 
results suggest that the assay may underestimate abaloparatide concentration in samples from 
subjects that are positive for anti-abaloparatide antibodies. 

4.2 Population PK  

The applicant submitted one population PK analysis to characterize the pharmacokinetics of 
abaloparatide-SC in healthy and patients with osteoporosis. 

Objectives: The following are the objectives of the population PK analysis 

• To provide a comprehensive population PK analysis across several studies for 
abaloparatide, 

• To evaluate PK from different administration routes [intravenous (IV)] and estimate 
abaloparatide subcutaneous (SC) bioavailability (F), 

• To evaluate dose ranging and linearity 
• To identify and characterize patient factors which influence the variability in the PK of 

abaloparatide. 
• To identify and characterize factors associated with positive anti-drug antibodies (ADA) 

which influence the variability in the PK of abaloparatide, 
• To estimate the magnitude of unexplained variability in the PK of abaloparatide, 
• To evaluate the model performance of the PK model developed for abaloparatide, and 
• To generate individual PK values for use in future PK/pharmacodynamics (PD) analyses 

Data: Data from seven studies were pooled in the population PK analysis, including data from a 
Phase 3 study (BA 058-005-003), a dedicated study in patients with renal impairment (BA058-
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05-011), and PK data from a through QTc Study (BA058-05-012). Only the PK data from the 
abaloparatide-SC arm were included in the analysis. A total of 973 subjects with 5204 
observations were included in the final population PK dataset.  A summary of subject 
demographics is shown in Table 4.2.1. 

Table 4.2.1: Study Subject Demographics 

 

Source: Table 4 on page 22 of Applicant’s population PK report 

Population PK Models 

Base Model: The applicant tested the base model for the expanded abaloparatide data with the 
final model that was developed from prior abaloparatide population PK analysis. This included 
the influence of various covariates, such as creatinine clearance (CrCL) and anti-drug antibodies 
(ADA) on abaloparatide CL. A major difference from the previously developed one-
compartment model was that this analysis identified a two-compartment model as the best 
structural model. The parameter estimates for the base model are summarized in Table 4.2.2. 

Table 4.2.2: Abaloparatide Model Parameters for Base Model 
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Source: Table 6 on page 32 of Applicant’s Pop PK Report 

Full Model (Covariate evaluation) 

The Applicant’s full model included evaluation of covariate effects on structural parameters. 
Covariate tested included body weight (WT), baseline body weight (BWT), body mass index 
(BMI), age, the presence of ADA, antibody titer, laboratory values representative of liver and 
kidney function (AST, BILI, CrCL, respectively), parathyroid hormone (PTH) concentrations, 
and plasma calcium concentrations.   

ADA was modeled as time-varying covariate.  This covariate was changed based on the presence 
or absence of ADAs (and titer) from the most recent immunogenicity assessment.  The ADA titer 
was also tested in addition to testing whether the presence of ADA had an impact upon the PK 
model. Titer values <1:1 and 1:2 were grouped as low ADA titer; while those with titers > 1:1 
were grouped together as high ADA titer 

The effect of neutralizing antibodies (NAb) were also assessed for all eligible ADA positive 
subjects (n=308). The impact of NAb (n=187) were considered as either negative (0) or positive 
(1), and were assigned by subject. 

ADA low titer (<=1:1), ADA high titer (>1:1), and CrCL, were identified as influential 
covariates on CL. ADA low titer and ADA high titer were also found to impact upon V2. Patient 
status (healthy volunteers vs. patients) was found to be influential on bioavailability (F). The 
impact of NAb on the disposition of abaloparatide was also evaluated. Table 4.2.3 summarizes 
the model parameters and the covariate values for the full model.  

Table 4.2.3: Model Parameters of the Full (and Final) Model 

Reference ID: 4028441



25 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Table 8 on page 34 of Applicant’s Pop PK Report 

Final Model 

As a final step, retention of covariates was evaluated using backwards elimination.  In this step, 
covariates were retained if their removal from the full model resulted in an increase in the 
objective function (OBJ) > 10.8. No covariates were identified for removal, and thus, the full 
model is the final model. The typical parameter estimates for the final model are given in Table 
4.2.3. Estimates of Cmax and Tmax values were derived from the visual predictive check (VPC) 
simulations performed for the general population and for various subpopulations.  Summary of 
individual parameter estimates is provided in Table 4.2.4 

Table 4.2.4: Summary Statistics of Abaloparatide Individual Parameter Estimates 
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Source: Adapted from Table 9 on Page 36 of Applicant’s Pop PK Report 

Model Evaluation 

The final model was evaluated using goodness of fit plots and VPCs. The basic goodness-of-fit 
plots are provided in Figure 4.2.1, with no evident trends or bias identified.  

For the VPCs, 500 simulations were performed using the parameters defined in the final model 
with the 5th and 95th percentiles generated from these simulations. The observed data were then 
overlaid on the simulated range to see if the modelled simulation data were representative. The 
VPC of the final model for healthy subjects are shown in Figure 4.2.2. The VPC plots for 
patients enrolled in Study BA058-05-003, grouped by anti-drug-antibody (ADA) status, are 
shown in Figure 4.2.3. The VPC plots for patients, grouped by creatinine clearance, are shown in 
Figure 4.2.4. 

Figure 4.2.1: Basic Goodness of Fit Plots for the Final Model 
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Source: Figure 2 on page 55 of Applicant’s population PK report 

Figure 4.2.2: Visual Predictive Check of Final Model with Concentrations Plotted as a 
Function of Time after Dose for Healthy Subjects 

 

Source: Adapted from Figure 7 on page 60 of applicant’s population PK report 

Figure 4.2.3: Visual Predictive Check of Final Model with Concentrations Plotted as a 
Function of Time after Dose and ADA Status: Study BA058-05-003 
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Source: Figure 9 on page 62 of applicant’s population PK report 

Figure 4.2.4: Visual Predictive Check of Final Model with Concentrations Plotted as a 
Function of Time after Dose and Calculated Creatinine Clearance in Patients 
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Source: Figure 11 on Page 65 of Applicant’s Population PK report 

Effect of Influential Covariates on Abaloparatide Exposure 

Anti-drug antibody (ADA) and CrCL were identified as factors that significantly affect CL in the 
model.  ADA impacted both CL and V2. The presence of ADA was the most influential 
covariate in the model. While CL increased with increasing CrCL, the influence of CrCL on 
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abaloparatide PK was not as large. The effects of ADA and CrCL on abaloparatide PK were 
demonstrated on Figure 4.2.5 and Figure 4.2.6, and summarized in Table 4.2.5 to Table 4.2.7, 
respectively. 

Figure 4.2.5: Comparison of Median Curves for All ADA Responses to Abaloparatide 

 

Source: Adapted from Figure 10 on page 63 of applicant’s population PK report 

Figure 4.2.6: Comparison of Abaloparatide Median Curves for All Creatinine Clearance 
Groups: Patients 

 

Source: Adapted from Figure 12 on page 66 of applicant’s population PK report 

Table 4.2.5: Summary Statistics of Abaloparatide Individual Parameter Estimates in 
Subjects with no ADA Production 
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Source: Table 10 on page 40 of Applicant’s Population PK Report 

Table 4.2.6: Summary Statistics of Abaloparatide Individual Parameter Estimates in 
Subjects with Low Titer ADA  

 

Source: Table 11 on page 41 of Applicant’s population PK report 

Table 4.2.7: Summary Statistics of Abaloparatide Individual Parameter Estimates in 
Subjects with High Titer ADA (Titer ≥ 1:10) 

 

Source: Table 12 on page 42 of Applicant’s population PK report  
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Table 4.2.8: Summary of Abaloparatide Individual Parameter Estimates: CrCL Values 30 
to <60 mL/min, Patients 

 

Source: Table 18 on page 48 of Applicant’s population PK report 

Table 4.2.9: Summary of Abaloparatide Individual Parameter Estimates: CrCL Values 60 
to <90 mL/min, Patients 

 

Source: Table 20 on page 50 of applicant’s population PK report 

Table 4.2.10: Summary of Abaloparatide Individual Parameter Estimates: CrCL Values 90 
to <120 mL/min, Patients 

 

Source: Table 22 on page 52 of Applicant’s Population PK report 
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Reviewer’s Comments:  

PK data from six phase 1 studies and one phase 3 study were pooled in the population PK 
analysis. The final population PK dataset included data from a Phase 3 study (BA 058-005-003), 
a dedicated study in patients with renal impairment (BA058-05-011), and PK data from a 
through QTc Study (BA058-05-012). Only PK data from the abaloparatide-SC arm were 
included in the analysis. A total of 973 subjects with 5204 observations were included in the 
population PK analysis.   
The population PK dataset did not include PK data collected in the dose-finding Phase 2 study 
BA058-05-002 that had multiple doses of abaloparatide SC treatment (20, 40 and 80 mcg). The 
applicant only collected peak (90 minutes post injection) and trough (4 hour post injection) 
concentrations of abaloparatide in this study, and most abaloparatide trough levels were below 
the lower limit of quantitation of the assay (~20 pg/mL). The PK linearity assessment was based 
on study BA058-05-010 which had multiple doses abaloparatide SC (80, 120, 240, 280, 320 
mcg) in healthy subjects. 
The Applicant’s population PK analysis is acceptable. The goodness-of-fit plots by the Applicant 
the reviewer and the final parameter estimates appear reasonable. The VPC plots indicate a 
good predictive performance of the final model. The PK of abaloparatide SC was adequately 
described by a two-compartment model. The model-estimated AUC after 80 mcg of 
abaloparatide SC ranged from 926 pg/mL to 2642 pg/mL; the 1st and 99th percentile of 
abaloparatide AUC was 1044 pg/mL and 2035 pg/mL, respectively. The PK of abaloparatide PK 
was linear over a range from 80 to 320 mcg. The reviewer agrees that the results of the 
population PK analysis can be used to support labeling claims of no substantial impact of either 
race or age on abaloparatide PK.  In addition, the reviewer agrees that the estimating individual 
PK parameters (AUCss, Cmax etc) can be used for subsequent exposure-response analysis for 
safety. Finally, the reviewer agrees that the following labeling claim summarizing abaloparatide 
Cmax, AUC, clearance, and half-life based on the Phase 3 experience is acceptable.    
 

Reviewer’s Analysis 

Additional analyses were conducted by the reviewer to evaluate the adequacy of Applicant’s 
final model in describing the observed data after the proposed dosing regimen and to assess the 
effect of covariates identified to have significant impact on abaloparatide PK and exposure. The 
reviewer was able to repeat the Applicant’s analyses. The goodness-of-fit plots by study (Figure 
4.2-7) or renal function (Figure 4.2-8) showing that the model described the observed PK data 
well. 

Figure 4.2-7: Goodness-of-fit Plots by Study 
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Figure 4.2-8: Goodness-of-fit Plots by Creatinine Clearance Group 

 

Effect of Covariates of on Abaloparatide Pharmacokinetics and Exposure 

Covariates of interest that may affect abaloparatide exposure include age, body weight, race, and 
creatinine clearance. Covariates identified in the final model to have significant effect on 
abaloparatide exposure were creatinine clearance and ADA. The effects of age, race, body 
weight, and some other laboratory parameters on abaloparatide-SC clearance (CL/F) are 
presented in Figure 4.2-9. 

Figure 4.2-9 Relationship of Abaloparatide PK and Covariates of Interest (Age, Body 
Weight, Race, and CrCL)  

Reference ID: 4028441



35 
 

   

   
 

Summary of post-hoc estimates of abaloparatide individual clearance and AUCss0_24 after 80 
mcg SC dose is summarized in Table 4.2-11. Subjects >=65 years old have 15% higher AUC 
than those < 65 years old. Subjects with severe renal impairment have 38% higher AUC than 
subjects with CrCL > 90 mL/min.  ADA positive subjects with low titer and high titer have 44% 
and 60% lower AUC than subjects with negative ADA. 

Table 4.2-11 Summary of Individual Empirical Bayes’ Estimates 

Parameters  N Mean SD 5th 

percentile 
95th 

percentile  

CL/F (L/hr) 

 

 

 

 

White 746 56.5 7.4 45.5 69.4 

Black 72 61.4 10.9 43.5 76.9 

Asian 127 52.6 6.8 41.9 62.5 

Other 8 56.8 8.8 44.2 71.4 

< 65 years 296 62.1 8.3 49.1 75.5 

≥ 65 years 675 53.9 6.3 43.5 64.0 

CrCL < 30 18 49.2 12.8 30.3 66.4 

CrCL 30 to 
60 

169 47.3 4.0 40.8 53.2 
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CrCL 60 to 
90 

446 54.3 3.5 48.4 60.3 

CrCL >90 338 64.3 6.0 55.9 75.3 

ADA 
negative 

728 56.3 8.6 43.4 71.8 

ADA low 
titer 

170 99.1 12.7 79.3 117.8 

ADA high 
titer 

75 138.7 16.8 108.3 168.7 

AUCss(0-24) 

(pg.hr/mL) 

 

 

 

 

 

White 746 1442 196 1153 1760 

Black 72 1346 251 1040 1839 

Asian  127 1547 205 1280 1907 

Other 8 1439 221 1120 1811 

< 65 years 296 1313 200 1060 1630 

≥ 65 years 675 1505 182 1249 1839 

CrCL < 30 18 1742 474 1205 2642 

CrCL 30 to 
60 

169 1705 151 1503 1963 

CrCL 60 to 
90 

446 1481 97 1328 1654 

CrCL >90 338 1255 112 1062 1432 

ADA 
negative 

728 1454 228 1114 1842 

ADA low 
titer 

170 820 107 679 1009 

ADA high 
titer 

75 586 74 474 738. 

 

4.3 Exposure-Response Analyses 
 

4.3.1 Exposure or Dose Response for Efficacy 
The objective of the exposure-response analysis for efficacy conducted by the reviewer was to 
provide supportive evidence of efficacy after abaloparatide SC treatment.  

Dose/Exposure and efficacy data from the Phase 2 study BA058-05-002 were used for these 
analyses. In this study, a total of 225 subjects were randomized to receive 5 group of treatment 
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(Table 4.3.1-1). BMD was used as a primary efficacy endpoint in this study. Serum and urine 
markers of bone formation and resorptions were measured for assessing the anabolic effect of 
abaloparatide on bone turnover. Peak and trough abaloparatide concentrations were measured at 
90 min or 4 hour post-injection. 

Table 4.3.1-1: Randomized Treatment Regimen in Phase 2 Study BA058-05-002 

Treatment Medication Daily Dose (SC) Calcium and Vitamin D Number of Patients 
Placebo -- 500 mg/ day and 400 IU/day 45 
Abaloparatide  20 mcg As above 45 
Abaloparatide 40 mcg As above 45 
Abaloparatide 80 mcg As above 45 
Teriparatide 20 mcg As above 45 
Total  225 

 

The mean peak abaloparatide concentrations after abaloparatide 20, 40, and 80 mcg treatment 
were 49.0, 93.6, and 184.3 pg/mL in the first week, and 67.6, 116.6, and 221.3 pg/mL at Week 
24 (Table 4.3.1-2). Over a range of daily dose from 20 to 80 mcg, abaloparatide-SC peak 
concentrations were linear with respect to dose (Figure 4.3.1-1). Due the linear relationship 
between dose and abaloparatide peak concentration, a dose relationship will correlate well with 
the exposure-response relationship with peak abaloparatide concentrations. 

Table 4.3.1-2 Peak Plasma Levels of Abaloparatide by Study Week (PK Population) 

Study Week Abaloparatide 20 mcg 
N=43 

Abaloparatide 40 mcg 
N=43 

Abaloparatide 80 mcg 
N=45 

Week 1, n 
  Mean (SD) 
  Min, Max 

33 
49.0 (29.1) 
20.0, 133.0) 

34 
93.6 (65.5) 
20.0, 310.0 

43 
184.3 (135.4) 
20.0, 663.0 

Week 4, n 
  Mean (SD) 
  Min, Max 

31 
60.4 (36.8) 
20.0, 164.0 

29 
110.5 (74.5) 
20.0, 302.0 

38 
231.3 (148.3) 
54.5, 670.0 

Week 24,n 
  Mean(SD) 
  Min, Max 

28 
67.7 (31.1) 
20.0, 121.0 

34 
116.6 (91.1) 
20.0, 355.0 

29 
221.3 (145.1) 
20.0, 536.0 

Source: Adapted from Table 11-57 of applicant’s clinical study report BA058-05-002 

Figure 4.3.1-1: Correlation between Abaloparatide Peak Concentrations and Administered SC 
Dose at Week 24 
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The dose-response relationship for abaloparatide SC efficacy was evaluated in the PK 
population.  There was a clear dose-response relationship for the change in spine BMD and hip 
BMD in the efficacy population (N=155). After 24-weeks of treatment, the mean change in spine 
BMD was 1.4%, 3.5%, 4.9%, and 6.7% percent for placebo, abaloparatide 20, 40, and 80 mcg, 
respectively. The dose-response for spine BMD  was linear (p<0.001). Total hip BMD also 
demonstrated a similar linear trend. At Week 24, mean percent changes in total analyzable hip 
BMD were 0.4%, 1.4%, 2.0%, and 2.6% in the placebo,abaloparatide 20, 40, and 80 mcg, 
respectively. 

Similarly, there was a clear dose-response relationship for total analyzable BMD (average BMD) 
and multiple bone formation markers (BSAP, PINP) (Figure 4.3.1-2 to Figure 4.3.1-3) . A 
greater rise in BASP and PINP was observed in teriparatide group compared to the abaloparatide 
80 mcg group, but this greater rise was accompanied by a concomitant greater increase of bone 
resorption markers in response to teriparatide (Figure 4.3.1-4). This pattern of bone formation 
and resorption responses is consistent with known information about endogenous parathyroid 
hormone. 

Figure 4.3.1-2: Dose-Dependent Change in Total Analyzable BMD in Phase 2 Study BA058-05-002 
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Figure 4.3.1-3: Dose-Dependent Change in Bone Formaton Markers in Phase 2 Study BA058-05-002 

 

Figure 4.3.1-4: Dose-Dependent Change in Bone Resorption Markers in Phase 2 Study BA058-05-002 
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4.3.2 Exposure or Dose Response for Safety 
Only a single dose of abaloparatide SC 80 mcg was tested in the pivotal phase 3 Study BA058-
05-003, and the exposure of abaloparatide is not highly variable. The 5th to 95th percentile of 
model-estimated abaloparatide AUC in Study BA058-05-003 was between 685 to 1806 
pg.hr/mL.  As such, the exposure-response relationship for safety can only be tested within a 
limited range of abaloparatide exposure. 

In the pivotal Phase 3 study (Study BA058-05-003, the ACTIVE trial), a total of 2463 
postmenopausal women were randomized to receive daily 80 mcg abaloparatide SC (n=824), 
placebo (n=821), or teriparatide 20 mcg (n=818) for 18 months.  

Exposure-Response for Most Frequently Observed AEs 

The most frequently observed TEAE in Study BA058-05-003 in the abaloparatide SC group was 
hypercalciuria: 10.9% versus 12.5% in the teriparatide group and 8.9% in the placebo group. 
Other common (≥5% in the abaloparatide-SC group) TEAEs included dizziness, nausea, upper 
respiratory tract infection, headache, hypertension, influenza, urinary tract infection, and 
palpitation. 

AEs leading to study drug discontinuation occurred more frequently in the abaloparatide SC 
group (81 patients [9.9%]) compared with placebo (50 patients [6.1%]) or teriparatide (56 
patients [6.8%]). The most frequent AEs leading to study drug discontinuation in the 
abaloparatide-SC 80 mcg group were nausea (1.6%), dizziness (1.2%), headache (1.0%), and 
palpitations (0.9%) (CSR 003 Table 14.3.1.6). 
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The time course of most frequently observed AEs that were observed with greater incidence than 
those observed in teriparatide group and the placebo group in Phase 3 study is shown in Figure 
4.3.2-1. 

Figure 4.3.2-1: Time course of Most Frequently Observed AE in Phase 3 Study BA058-05-003 with 
Incidence Greater than Observed in the Teriparatide and Placebo Groups 

  

  
 

The time courses of most frequently observed AEs that were observed with greater incidence 
than those observed in the placebo but less than the teriparatide group in Phase 3 study is shown 
in Figure 4.3.2-2. Abaloparatide SC demonstrated significantly less hypercalcemia (defined as an 
albumin-adjusted serum calcium level ≥10.7 mg/dL, or ≥2.67 mmol/L), as compared to 
teriparatide (3.4% versus 6.4%, p=0.0055). The overall incidence of hypercalcemia (based on 
laboratory values) in the placebo group was 0.37% 

Figure 4.3.2-2: Time course of Most Frequently Observed AE in Phase 3 Study BA058-05-
003 with Incidence Greater than Observed in the Placebo Group but less than the 
Teriparatide Group 
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Within the observed range of AUC after abaloparatide 80 mcg, no exposure-response 
relationship for dizziness, headache, or palpitations, or other AEs as shown in Figure 4.3.2-3 
were observed. As mentioned, this was much likely due to the narrow range after one dose in the 
pivotal Phase 3 study. 

Figure 4.4.2-3: Logistic Analysis of Relationship between Probability of Headache and 
Dizziness and Abaloparatide AUC. 

 
 

 

4.4.3 Exposure-Response for Change in Heart Rate 

One of the safety concerns by the review team was the dose-dependent increase in hear rate that 
was observed in the Phase 1 TQT study BA058-05-012.  

The Thorough QT study (BA058-05-012) assessed the effect of a single-dose administration of 
abaloparatide-SC on the total depolarization and repolarization (QT) interval corrected for heart 
rate (HR) using Fridericia’s formula (QTcF). The study included a therapeutic dose (80 mcg) and 
a supratherapeutic dose (240 mcg) of abaloparatide-SC in a four separate treatment periods with 
each treatment separated by a washout period of 5-days. The effect of abaloparatide on the other 
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ECG parameters (HR, RR interval, PR interval, QRS duration, QT interval, and waveform 
morphology) was also investigated.  

There was a dose-related increase in TEAEs on the study. The most common TEAEs (reported in 
>=5%) of subjects per treatment) that occurred in subjects who received abaloparatide SC 80 
mcg (N=52) during the study were injection site erythema (11 subjects, 21.2%) headache (10 
subjects, 19.2%), injection site pruritus (5 subjects, 9.6%), and nausea (3 subjects, 5.8%); in 
subjects who received abaloparatide 240 mcg (N=52) during the study were injection site 
erythema (18 subjects, 34.6%); headache (16 subjects, 30.8%); nausea (11 subjects, 21.2%), 
injection site pruritus (8 subjects, 15.4%), and dizziness (3 subjects, 5.8%). 

Increases in mean pulse rate from baseline to 1 hour post dose through 24 hours post dose were 
observed for subjects who received abaloparatide SC 80 mcg and 240 mcg. For subjects who 
received abaloparatide SC 80 mcg, the largest mean increase from baseline in pulse rate was 
observed at 12 hours post-dose (baseline mean of 64.6 bpm, 12 hours post dose mean of 72.7 
bpm, mean change of 8.2 bpm). For subjects who received abaloparatide SC 240 mcg, the largest 
mean increase from baseline in pulse rate was observed at 1 hour post dose (baseline mean of 
63.7 bpm, 1 hour post dose mean of 74.8 bpm, mean change of 11.1 bpm). 
 
In Study BA058-05-003, ECG evaluations revealed a mild increase in heart rate, and mild 
decreases in PR interval, QT, and QTcB. At treatment Visits 3, 4, 5, 6, 7, and 8, (study Days 1, 3, 
6, 9, and 12, respectively) ECGs were measured prior to injection and again 1 hour after 
injection.  The mean post-injection increase in heart rate were 7 to 8 bpm for abaloparatide SC 
(at Day 1 post injection), and 5 to 6 bpm for teriparatide (at 6 months post injection) (CSR 003 
Table 14.3.5.6).  The relationship between the maximum change in heart rate and abaloparatide 
concentrations appears flat (Figure 4.3.3-1).  In addition, there was no difference among degree 
of renal function in the maximum change of heart rate (Figure 4.3.3-2). 
 
Figure 4.4.3-1. Maximum Change in Heart Rate and Abaloparatide AUC in Phase 3 Study 
BA058-05-003 
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Figure 4.3.3-2: Maximum change in Heart Rate by Baseline Creatinine Clearance in Study 
BA058-05-003 

 
 

Effect of ADA on PK, Efficacy, and Safety 

In Study 003, following 18 months of treatment with abaloparatide SC 80 mcg, a total of 49% 
(300/610) of abaloparatide-treated patients had some evidence of ADA formation at 18 months, 
of which 197/300 were found to be <1:1 titer, 78 had titers of 1:10, 24 had titers of 1:100 and 
one patient had antibody titer of 1:1000. The frequency of NAb positive patients was found to be 
33% (201/610) of the total population, or 68% (201/297), of the ADA+ patients with evaluable 
NAb data.  

There were 4/308 (1.3%) new or worsening fractures in ADA negative patients, and 1/299 
(0.33%) in ADA positive patients. The incidence rate in ADA positive patients were not higher 
than in ADA negative patients.  The greatest difference in BMD between ADA positive or ADA 
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negative patients was with the total hip BMD.  At Month 18, the mean % (SD) change in total 
hip BMD was 4.3 % (0.21) and 3.9% (0.19) in ADA negative and ADA positive patients, 
respectively.  Overall, presence of ADA did not affect total hip, femoral neck or spine BMD, 
compared to ADA negative patients. 

Figure 4.3.3-3 Percent Change from Baseline in Spine BMD, Femoral Neck BMD and Total Hip BMD by 
ADA Status in Study BA058-05-003 

   

 
 

Overall, 91.6% of patients in the antibody population experienced one or more TEAE, with no 
apparent differences in incidence rate among the groups (Anti-Abaloparatide Antibody 
Immunogenicity Testing Summary - BA058-005-003 (ACTIVE) and BA058-05-005 
(ACTIVExtend) Interim Report (CSR 003 Section 16.1.15.1, Table 15)). There were no apparent 
differences among the antibody subgroups in terms of the frequency of treatment emergent 
serious adverse events.  

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.  However, antibody interference has previously been shown 
to affect the bioanalytical PK method in human serum, and this may account in part for these 
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apparent changes in exposures. Comparisons of safety and efficacy endpoints by ADA +/- and 
NAb +/- status including baseline characteristics, study drug compliance, BMD, and fracture also 
showed no clinically meaningful differences among these groups. In addition, no meaningful 
differences in TEAEs, serious TEAEs, or other safety measures were observed across these 
patient groups.  

These data indicate that the presence of anti-abaloparatide antibodies, including ADA+ and 
neutralizing antibodies NAb+, may affect pharmacokinetic (AUC and CL/F) exposures, but had 
no apparent effect on the efficacy or safety profile of abaloparatide following repeated daily 
treatment for 18 months.  
 

4.4 Individual Study Reports   

4.4.1 Study BA058-05-010  
 
Title: A Phase 1, Randomized, Double-Blind, Placebo-Controlled Study to Determine the 
Maximum Tolerated Dose of Abaloparatide and a Randomized, Open-Label Study to Determine 
the Absolute Bioavailability of Abaloparatide Following Subcutaneous and Intravenous 
Administration in Healthy Subjects. 
 
Objectives: (1) To determine the maximum tolerated dose (MTD) of a single subcutaneous 
abaloparatide administration and (2) to determine the PK of abaloparatide administered  
subcutaneously (SC) compared to abaloparatide administered intravenously (IV) over a 2-hr 
infusion.  
 
Methods: This study consisted of five cohorts: (1) Cohorts 1 (bioavailability arm) to assess 
abaloparatide absolute bioavailability in healthy male and female subjects (n=22, 18-55 yrs) 
following SC 80 mcg and IV 40 mcg administration and (2) Cohorts 2 to 5 MTD arm to assess 
the tolerability in healthy male and female subjects.  Each cohort 2 to 5 consisted of 8 subjected 
receiving abaloparatide and 2 receiving placebo. The planned doses for Cohorts 2-5 were 120, 
160, 240, 320, and 400 mcg with escalation to the next dose based upon the safety data derived 
from the prior cohort.  Based upon the tolerability data from Cohort 4 subjects who received 
abaloparatide SC 320 mcg, subjects in Cohort 5 received 280 mcg, not 400 mcg as originally 
planned. 
 
Bioavailability Arm– Abaloparatide SC 80 mcg vs Abaloparatide IV 40 mcg 
This was a randomized open-label, single-dose, standard 2-treatment, 2-period crossover design 
in healthy male and female subjects.  Cohort 1 subjects were randomly assigned to receive a 
single dose of 80 mcg abaloparatide administered SC or a single dose of 40 mcg abaloparatide 
administered IV, over a 2-hour continuous infusion via a programmed IV pump, each on 1 
occasion, separated by an in house 72-hour washout period. 
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An overview of the BA arm study design (Applicant’s figure 1). 

 
 
Maximum Tolerated Dose 
This was a double-blind, randomized, placebo-controlled, single ascending dose (SAD) study-
arm with 4 planned dose levels (120, 240, 320, and 400 mcg Abaloparatide SC) in healthy male 
and female subjects. The last planned dose of 400 mcg was changed to 280 mcg.  
 
Progression to the subsequent planned abaloparatide dose level(s) of 240 mcg (Cohort 3), 320 
mcg (Cohort 4), and 400 mcg (Cohort 5) was only to occur if the interim review of available 
safety data from the previous dose level indicated no safety or tolerability concerns, as 
determined by the Investigator and the Sponsor.  
 
Per the Applicant, doses for Cohorts 3 (240 mcg) and 4 (320 mcg) were administered as planned; 
however, the 320 mcg dose was not well tolerated by subjects in Cohort 4, the dose for subjects 
in Cohort 5 was reduced from the 400 mcg dose planned to 280 mcg.  
 
An overview of the MTD study design (Applicant’s figure 2). 
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Study Period: June 19, 2014 – August 29, 2014 
 
Inclusion Criteria (major):  
1. Nonsmoking, healthy male and female subjects age 18 to 55 years (both inclusive) 
2. Healthy status was defined by absence of evidence of any active or chronic disease following 

a detailed medical history, a complete physical examination, and safety assessments including 
vital signs, 12-lead ECG, hematology, blood chemistry, coagulation, serology, and urinalysis 

3. BMI 18 to 30 kg/m2, inclusive 
4. Abstinent and agreed to remain abstinent during the study and for 90 days after study drug 

administration. Otherwise, females of childbearing potential and males and their female 
partner(s) of childbearing potential must have agreed to use 2 acceptable forms of 
contraception, 1 of which had to be a barrier method, during the study and for 90 days after 
the study drug administration. Acceptable barrier forms of contraception were condom, non-
hormonal intrauterine device, and diaphragm. Acceptable non-barrier forms of contraception 
for this study included the following: hormonal birth control pills, hormonal birth control 
patches, hormonal birth control injections (eg, Depo Provera), hormonal birth control 
implants, NuvaRing, and/or spermicide 

 
Exclusion Criteria (major): 
1. Women who were pregnant, lactating, or planning to attempt to become pregnant during this 

study or within 90 days after dosing of study drug 
2. Males with female partners who were pregnant, lactating, or planning to attempt to become 

pregnant during this study or within 90 days after dosing of study drug 
3. Sustained sitting systolic blood pressure < 90 or > 139 mmHg or diastolic blood pressure < 45 

or > 89 mmHg at Screening or Day -1 
4. Sustained and reproducible orthostatic hypotension (supine-to-standing blood pressure 

decrease of > 20 mmHg systolic or > 10 mmHg diastolic or pulse increase of > 20 beats per 
minute (bpm) after standing for 3 minutes) or symptoms of lightheadedness, dizziness or 
fainting on standing attributed to volume depletion in the opinion of the Investigator 
(Screening only) 

5. Resting heart rate (HR) <40 bpm or >100 bpm at Screening or Day -1 
6. ECG at Screening or Day -1 showing QT corrected for heart rate (HR) using Fridericia’s 

formula (QTcF) ≥ 450 ms or a personal or family history of additional risk factors for torsades 
de pointes, (ie, heart failure, clinically significant hypokalemia, or a personal or family history 
of Long QT Interval Syndrome) or the use of concomitant medications that prolong the 
QT/QTcF interval 

7. Subjects suffering from any psychiatric (acute or chronic) illness that, in the opinion of the 
Investigator, would render the subject unsuitable for participation 
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Treatment Products: Abaloparatide-SC (2 mg/mL) in a multi-dose pre-filled 1.5 mL cartridge 
with a pen injector device (Benton Dickerson Pen II). Abaloparatide IV was prepared by dilution 
of 50 mcg of abaloparatide SC product with 0.9% normal saline to a final volume of 125 mL.  
Abaloparatide IV 40 mcg (in a volume of 100 mL) was infused over 2 hrs with a programmed IV 
pump.   
 
Pharmacokinetics Sampling: 
Blood samples were taken to determine plasma concentrations of abaloparatide at 0 (pre-dose) 
and up to 24 hrs after dosing.   
 
PK Sampling Schedule for relative BA Arm (Cohort 1) (Applicant’s table 3)  
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PK Sampling Schedule for MTD Arm (Cohorts 2, 3, 4, and 5) (Applicant’s table 4)  

 
 
Pharmacodynamic Monitoring 
The following pharmacodynamic assessments for abaloparatide were made using blood and 
urine samples: 

• Serum total calcium 
• Whole blood ionized calcium 
• Albumin corrected serum calcium 
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• Serum phosphorus and serum cAMP 
• Urine calcium 
• Urine phosphorus and urine cAMP 
• Urine calcium/urine ratio 

 
Results: 

Abaloparatide Plasma Concentrations (geometric mean) for BA Arm comparing IV and SC 
administration (Applicant’s study report, figure 4) 

 
 
Abaloparatide Pharmacokinetic Parameters for BA Arm comparing IV and SC administration 
(Applicant’s study report, table 17). 
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Reviewer’s Comment: Footnote C for the above table should state 80 mcg, not 40 mcg, for 
abaloparatide SC.  Half-life for all 17 male and female subjects enrolled in Cohort 1 following 
abaloparatide SC 80 mcg was 1.87 hrs; however, there was one subject (#1002) who appeared 
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to be an outlier.  Subject #1002 had measureable concentrations at the last PK sampling time 
point (t=24 hrs) and an individual t1/2 of 18.7 hrs, which is approximately 20-fold higher than the 
mean of all other subjects.  Without subject #1002, t1/2 for abaloparatide SC 80 mcg was 0.83 hr, 
which is consistent with the value derived from other PK studies.  
 
Geometric mean absolute bioavailability of abaloparatide SC 80 mcg was 38.9% in male and 
female subjects.   
 
Assessment of Absolute Bioavailability in Women (from study report individual PK data, listing 
16.2.6.2a) 
There were 8 women in Cohort 1 with a mean (SD) age 38 (13) yrs. The absolute bioavailability 
was assessed using dose normalized AUC0-inf.  One subject (#1002) of a total of 8 female 
subjects in Cohort 1 had an unusually long t1/2 ~19 hrs and measure concentrations at the last 
sampling point of t=24 hrs; therefore, absolute BA for this subject could not be determined.
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Reviewer’s Comment: Geometric mean of absolute bioavailability of abaloparatide SC 80 mcg 
was 36.3% based upon AUCD and assessment in female subjects.  Refer to the table above for 
individual values in the 7 female subjects (highlighted in yellow).  
 
Abaloparatide Plasma Concentrations (geometric mean) for MTD Arms following Abaloparatide 
SC at Various Doses (Applicant’s study report, figure 6). 
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Abaloparatide Pharmacokinetic Parameters for MTD Arms following Abaloparatide SC at 
Various Doses (Applicant’s study report, table 19). 
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Abaloparatide Pharmacokinetic Parameters Following Abaloparatide SC in Healthy Male and 
Female Subjects (prepared using the Applicant’s data in tables 17, 19 and 14.2.2a).   

 
Abaloparatide Dose 

PK Parameter 
(%CV) 

IV 40 mcg  
(N=19) 

SC 80 mcg 
(N=18;  

10 M, 8 F) 

SC 120 mcg 
(N=8) 

SC 240 mcg 
(N=8) 

SC 280 mcg 
(N=8) 

SC 320 mcg 
(N=8)  

Cmax (pg/mL) 360 (19) 467 (31) 749 (27) 1022 (28) 929 (37) 1062 (39) 

Tmax (hr)* 
2.0 

(0.75, 2.00) 
0.41 

(0.25, 0.75) 
0.25 

(0.25, 0.75) 
0.39 

(0.25, 1.00) 
0.50 

(0.27, 0.75) 
0.50 

(0.25, 1.50) 
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AUC0-inf 

(pg.hr/mL) 
654 (17) 546 (40) 806 (42) 1857 (35) 1741 (43) 1526 (35) 

t1/2 (hr) 0.87 (45) 1.88 (231) 0.96 (56) 0.99 (34) 0.98 (24) 1.07 (36) 

CL/F (L/hr) 65 (20) 168 (36) 175 (48) 144 (37) 245 (40) 205 (66) 

*median (range) 

 
Reviewer’s Comment: Cmax, AUC0-t, and AUC0-inf following single dose, SC administration 
from 80 to 240 mcg appears to be dose proportional.  However, higher doses of 280 and 320 
mcg did not result in higher Cmax or AUC.  For abaloparatide SC 80 mcg dose group, t1/2 was 
higher (1.88 hrs), compared than all other SC dose groups (~1 hr).  There was significant 
variability in t1/2 in the 80 mcg dose group as noted by the CV of 231%, which is attributed to 1 
female subject.  Female subject #1002 had a t1/2 of 18.7 hr, mean AUC0-inf of 1058 ng.hr/mL, and 
measureable abaloparatide concentration at t=24 hrs. Excluding subject #1002, the mean t1/2 for 
the 80 mcg dose group was 0.83 hrs. 
Abaloparatide Plasma Pharmacokinetic Parameters by Sex (prepared using data from Applicant’s 
study report, table 14.2.2b). 

 
Abaloparatide SC 80 mcg 

 

PK Parameter 
(%CV) 

 10 Males  8 Females 

Cmax (pg/mL) 452 (32) 487 (31) 

Tmax (hr)* 0.41 (0.25, 0.75) 0.375 (0.25, 0.75) 

AUC0-inf (pg.hr/mL) 544 (41) 549 (41) 

t1/2 (hr) 0.77 (67) 3.13 (201) 

CL/F (L/hr) 166 (32) 170 (43) 

*median (range) 

 
Reviewer’s Comment: There was no difference in exposure (Cmax, AUC0-inf) between healthy 
male and female subjects. However, the median half-life was longer in female subjects compared 
to males (3.13 vs. 0.77 hrs) due to subject #1002 who had an individual t1/2 of 18.7 hrs.  The 
other 7 female subjects had a mean t1/2 of 0.83 hrs (range 0.56 to 1.25 hr). 

 
Safety Findings: 
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Summary of TEAEs Following Single Dose of Abaloparatide SC 80 mcg and Abaloparatide 40 
mcg IV (Applicant’s study report, table 14.3.1.1a).   

 

 

 

Summary of TEAEs Following Single Dose of Abaloparatide SC 120 mcg to 320 mcg in MTD 
Cohort (Applicant’s study report, table 14.3.1b). 
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Reviewer’s Comments: 

1. The study design for both the BA and MTD cohorts is acceptable. 

2. The major inclusion and exclusion criteria confirm enrollment of healthy male and female 
subjects.  

3. Abaloparatide median (range) Tmax was 0.41 (0.25, 0.75) hr following abaloparatide SC 80 
mcg.  The mean (SD) Cmax was 467 (31) pg/mL and AUC0-inf was 546 (40) pg.hr/mL. 

4. By t= 6 hr, most subjects had abaloparatide concentrations below the level that is quantifiable 
(<20 pg/mL).   

5. There was no difference in exposure (Cmax, AUC0-inf) between healthy male and female 
subjects.   
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6. The Applicant determine the MTD to be 240 mcg based upon incidences of orthostatic 
tachycardia, palpitations, dizziness, headaches, and orthostatic hypotension associated with 
use of abaloparatide SC 280 and 320 mcg in both male and female subjects.  Based upon the 
subject reports, the onset of adverse events occurred 15 to 45 min after drug administration 
(coinciding with Tmax) and lasted up to 8 hrs after dosing.   

7. The Applicant determined their geometric mean absolute BA to be 39.4% based upon their 
analysis in male and female subjects (N=17); the review team does not concur to the 
Applicant’s assessment of absolute BA as 3 of 17 patients had missing data in either the SC 
80 mcg or IV 40 mcg group.  

8. Geometric mean absolute BA of abaloparatide SC 80 mcg was 38.9% in both male and 
female subjects with data from both SC 80 mcg or IV 40 mcg treatment (N=14) based upon 
dose normalized AUC (AUCD). 

9. Geometric mean absolute BA of abaloparatide SC 80 mcg was 36.3% in female subjects only 
(N=7) based upon AUCD.   
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4.4.2 Study BA058-05-001B  
 
Title: A Randomized, Double-Blind, Placebo-Controlled, Multiple Dose Safety, Tolerability, 
Pharmacokinetic, and Pharmacodynamic Study of BA058 Presented as a Pre-Filled Multi-Dose 
Cartridge in Healthy Postmenopausal Women   
 
Objectives: (1) To determine the safety and tolerability of multiple doses of BA058 presented as 
a pre-filed multi-dose cartridge liquid formulation when given by subcutaneous (SC) injection to 
healthy postmenopausal women and (2) to determine the PK and PD of multiple doses of SC 
abaloparatide. 
 
Methods: This was a randomized, double-blind, placebo-controlled, multiple-dose, dose-
escalation safety study using a multi-dose abaloparatide pen injector administered 
subcutaneously to healthy postmenopausal women.  The doses initially planned for the study 
were 80 mcg, 100 mcg, 120 mcg, and 160 mcg with a total of 10 subjects in each dose group (8 
subjects in abaloparatide group; 2 subjects in placebo group).   Escalation to higher doses in 
subsequent groups was based upon safety, tolerability, PK, and PD data obtained from subjects 
in the previous study group. Abaloparatide was administered once daily for 7 days.  The 
Applicant did not evaluate the 160 mcg dose based upon their assessment of AEs following the 
120 mcg dose.    
 
Study Center:  
 
Study Period: July 14, 2008 – September 4, 2008 
 
Inclusion Criteria (major):  
1. Adult postmenopausal subjects age 50 to 80 years (both inclusive) 
2. Postmenopausal was defined as ≥ 24 months of spontaneous amenorrhea (not relating to 

eating disorders or other causes) or ≥ 6 months of spontaneous amenorrhea with serum 
follicle-stimulating hormone (FSH) levels ≥ 40 mIU/mL or 6 weeks postsurgical bilateral 
oophorectomy with or without hysterectomy 

3. Subject was in good general health as determined by medical history and physical examination 
(including vital signs) and without evidence of clinically significant abnormality 

4. Subject’s seated systolic blood pressure (BP) was ≥ 100 mmHg and ≤ 155 mmHg, diastolic 
BP was ≥ 40 mmHg and ≤ 95 mmHg, and heart rate was ≥ 45 bpm and ≤ 90 bpm during 
screening 

5. Subject weighed at least 120 pounds (54.5 kg) and was within -25% and +30% of her ideal 
body weight 

 
Exclusion Criteria (major): 
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1. Subject had a history of clinically significant chronic or recurrent renal, hepatic, pulmonary, 
allergic, cardiovascular, gastrointestinal, endocrine, central nervous system, hematologic or 
metabolic diseases, or immunologic, emotional, and/or psychiatric disturbances 

2. Subject was diagnosed with osteoporosis, Paget’s disease, or other metabolic bone diseases 
(e.g., vitamin D deficiency or osteomalacia) or had a non-traumatic fracture that occurred 
within 1 year prior to the initial screening visit 

3. Subject had a history of urolithiasis within the past 5 years 
4. Subject had a history of gout or a uric acid value > 7.5 mg/dL during screening  
5. Subject had a decrease of 25 mmHg or more in systolic blood pressure from supine to standing 

(3 minutes lying and 1 minute standing) and/or any symptomatic hypotension during 
screening 

6. Subject had an acute illness which, in the opinion of the Investigator, posed a threat or harm to 
the subject or obscure laboratory test results or interpretation of study data 

 
Treatment Products: Abaloparatide-SC (80 mcg/40 mcL) in a multi-dose pre-filled mL 
cartridge with a pen injector device (Benton Dickerson Pen II).  
 
Pharmacokinetics Sampling: 
Blood samples were taken to determine plasma concentrations of abaloparatide at pre-dose, 0.25, 
0.5, 1, 1.5, 2, 3, 4, 6, 8, and 12 hrs post-dose.  Pre-dose trough samples were taken for trough 
concentrations on Days 2 and 6.   
 
Pharmacodynamic Monitoring 
The following plasma and urine pharmacodynamic assessments for abaloparatide were made: 

• Total plasma calcium and phosphorus:  
• Plasma ionized calcium 
• Parathyroid Hormone (PTH) (1-84) and 1, 25-hydroxyvitamin D 
• Bone markers PINP, PICP, Osteocalcin, BSAP, and CTX  
• Urine calcium, phosphorus, c-AMP, and creatinine 

 

Results: 

Abaloparatide Plasma Concentrations (geometric mean) on Days 1 and 7 Following 
Abaloparatide SC 80 mcg, 100 mcg, and 120 mcg in Postmenopausal Women (Applicant’s study 
report, figure 14.4.1.1:1) 
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Mean (SD) Pharmacokinetic Profile of Abaloparatide 80 mcg Administered Once Daily for 7 
Days in Postmenopausal Women (N=8) (prepared using Applicant’s data).   

 
Abaloparatide PK Parameters Following 80 mcg (Treatment A), 100 mcg (Treatment B) and 120 
mcg (Treatment C) Abaloparatide SC in Postmenopausal Women on Day 1 (Applicant’s study 
report, Table 11.4.1.1:1). 
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Abaloparatide PK Parameters Following 80 mcg (Treatment A), 100 mcg (Treatment B) and 120 
mcg (Treatment C) Abaloparatide SC in Postmenopausal Women on Day 7 (Applicant’s study 
report, Table 11.4.1.1:2). 
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Safety Findings: 
Summary of TEAEs in Postmenopausal Women Following Once Daily Administration of 
Abaloparatide SC 80 mcg, 100 mcg, and 120 mcg for 7 Days (Applicant’s study report, table 
14.3.1.1).   
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Reviewer’s Comments: 

• Median (range) time to peak concentration of abaloparatide 80 mcg was 0.51 hr (0.25 to 0.52 
hr) following subcutaneous (SC) administration.   

• Mean ± SD abaloparatide Cmax and AUC0-24 following 7 daily dose of 80 mcg abaloparatide 
were 812 ± 118 pg/mL and 1622 ± 641 pg.hr/mL, respectively.  Coefficient of variation (CV) 
for Cmax, AUC0-24 were 15% and 40%, respectively.  

• Mean + SD terminal half-life was 1.7 ± 0.7 hours following 7 daily dose of 80 mcg 
abaloparatide. 

• Comparing exposure on Day 1 to Day 7 for abaloparatide SC 80 mcg, accumulation for 
Cmax was 1.2 and for AUC0-24 was 1.2; therefore, suggesting no significant accumulation 
with multiple dosing.  

• There appears to be no demonstration of dose proportionality for abaloparatide SC 80 mcg to 
120 mcg.  

• Dizziness, hypotension, palpitations and headaches were the most common adverse events 
and occurred most frequently in the 120 mcg dose group.  

• The highest dose planned for this study was 160 mcg but it was not evaluated based upon the 
safety findings from the 120 mcg group.  
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4.4.3 Study BA058-05-002 
 
Title: A Randomized, Parallel-Group, Phase 2 Dose-Finding Study to Evaluate the Effects of 
BA058 in the Treatment of Postmenopausal Women with Osteoporosis.   
 
Objectives (initial 24-week treatment period): To determine the effects of abaloparatide on serum 
bone formation and resorption markers; to determine the effects of abaloparatide on lumbar spine 
bone mineral density (BMD); to determine the effects of abaloparatide on hip and forearm BMD; 
and to determine the safety and tolerability of abaloparatide following 6 months of treatment in 
postmenopausal women with osteoporosis, compared to placebo 
 
Objective (24-week extension period): To determine the longer term safety and tolerability of 
abaloparatide over an additional 24 weeks of exposure in postmenopausal women with 
osteoporosis.  
 
Methods: This was a randomized, multi-center, placebo- and comparator-controlled 
(teriparatide), parallel-group, dose-finding study of abaloparatide for the treatment of 
osteoporosis in postmenopausal women.  Abaloparatide doses evaluated in this study were 20 
mcg, 40 mcg, and 80 mcg, and were selected based upon phase 1 study results.  The other 
treatment groups included placebo and teriparatide (Forteo®) 20 mcg.  Patients self-administered 
the product once daily into the using the BD Pen II (manufactured by Becton Dickinson, NJ).  
For the initial treatment period, there were 10 centers in US, 10 centers in Argentina, 4 centers in 
UK, and 6 centers in India.  The extension period did not include centers in the UK. 
 
This study included 24 weeks of abaloparatide treatment, followed by another 24-week of 
abaloparatide treatment (extension period) in a subset of patients.  Calcium (500 -1000 mg/day) 
and vitamin D (400 -800 IU/day) supplementation was part of the 4 week pre-treatment period, 
24- week treatment period, and 4- week follow-up period.  
 
Efficacy Endpoints: 
BMD of the intertrochanteric area/femoral neck (representing total hip), femoral neck, and 
lumbar spine 
Bone markers: PINP, PICP, BSAP, serum osteocalcin, and CTX  
 
Study Period: April 26, 2007 – May 25, 2009 
 
Inclusion Criteria (major):  
1. Healthy ambulatory postmenopausal women with osteoporosis age 55 to 85 yrs old 

(inclusive).  Postmenopausal women younger than 55 yrs old with known osteoporosis who 
met all other entry criteria were also considered for enrollment, except in Argentina 
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2. Patient had been postmenopausal for at least 5 years. Postmenopausal status was established 
by a history of amenorrhea for at least 5 years and by an elevated serum follicle stimulating 
hormone (FSH) value based on the postmenopausal range of the assay.  In Argentina, the 
definition of an elevated FSH value was ≥ 30 IU/L 

3. Patient had a BMD T-score ≤ -2.5 at the lumbar spine or hip (femoral neck) by DXA. Women 
with a BMD T-score of ≤ -2.0 and a prior low-trauma forearm, humerus, vertebral, sacral, 
pelvic, hip, femoral, or tibial fracture within the past 5 years, or who had an additional risk 
factor such as age 65 or greater or a strong maternal history of osteoporosis defined as a 
fracture related to osteoporosis or osteoporosis itself as determined by BMD criteria, were 
also study candidates 

4. Patient was in good general health as determined by medical history and physical examination 
(including vital signs), had a body mass index (BMI) of 18.5 to 33, inclusive, and was without 
evidence of clinically significant abnormality in the opinion of the Investigator 

5. Any required concomitant medications which were not excluded in the protocol may have 
been continued through the study.  Patient maintained the medication at a stable dose 
throughout the study, subject to the Investigator’s medical judgment 

6. Patient had serum total calcium, PTH(1-84), serum 25-hydroxy Vitamin D, serum phosphorus, 
and alkaline phosphatase values all within the normal range during the Screening Period. 

7. The patient’s resting 12-lead electrocardiogram obtained during screening showed no 
clinically significant abnormality and a QTc ≤ 470 msec (Bazett’s correction) 

8. Patient’s systolic blood pressure was ≥ 100 and ≤ 155 mmHg, diastolic blood pressure was ≥ 
40 and ≤ 95 mmHg, and heart rate was ≥ 45 and ≤ 100 bpm 

9. Patient had no clinically significant abnormality of serum hemoglobin, hematocrit, white 
blood cells, and platelets, or usual serum biochemistry: electrolytes, renal function, liver 
function and serum proteins 

 
Exclusion Criteria (major): 
1. History of bone disorders (e.g., Paget’s disease) other than postmenopausal osteoporosis 
2. Unexplained elevation of serum alkaline phosphatase 
3. History of radiation therapy 
4. History of chronic or recurrent renal, hepatic, pulmonary, allergic, cardiovascular, 

gastrointestinal, endocrine, central nervous system, hematologic or metabolic diseases, or 
immunologic, emotional and/or psychiatric disturbances to a degree that would interfere with 
the interpretation of study data or compromise the safety of the patient 

5. History of malabsorption or of significantly impaired renal function (serum creatinine > 177 
μmol/L or > 1.5 mg/dL) 

6. History of carcinoma, nephrolithiasis or urolithiasis within the past five years or osteosarcoma 
at any time 

7. Vitamin D deficiency, defined as a serum 25-hydroxy Vitamin D level of < 15 ng/mL. Patients 
with a normal serum 25-hydroxy Vitamin D level but < 15 ng/mL were considered for 
enrollment on a case by case basis, except in Argentina 

Reference ID: 4028441



71 
 

8. Decrease of 20 mmHg or more in systolic blood pressure or 10 mmHg or more in diastolic 
blood pressure from supine to standing (5 min lying and 3 min standing) and/or any 
symptomatic hypotension  

9. Patients known to be positive for Hepatitis B, Hepatitis C, HIV-1 or HIV-2. Testing was not 
required in the absence of clinical signs and symptoms suggestive of HIV infection or acute or 
chronic hepatitis 

10. Presence of abnormalities of the lumbar spine that would prohibit assessment of spinal bone 
mineral density, defined as having at least 2 radiologically evaluable vertebrae within L1-4 

11. Patients who had undergone bilateral hip replacement (unilateral hip replacement was 
acceptable) 

12. Previously randomized and dosed in this study; patients could not be entered into the study a 
second time 

13. Known history of hypersensitivity to any of the test materials or related compounds. 
14. Prior treatment with bisphosphonates or strontium in the past five years, or prior treatment 

with parathyroid hormone or its analogs, with fluoride, or with gallium nitrate, or with as yet 
unapproved bone-acting investigational agents such as denosumab at any time 

15. Prior treatment with calcitonin, estrogens, estrogen derivatives, SERMs (such as raloxifene 
or tamoxifen), tibolone, progestins or anabolic steroids in the past 6 months or current 
treatment with thiazide diuretics. 

16. Daily treatment with oral, intranasal or inhaled corticosteroids within the 6 months prior to 
the Screening Period. 

 
Pharmacokinetics Sampling: 
Blood samples were taken to determine trough and peak plasma concentrations of abaloparatide 
during the treatment period from Days 1 through 169 (after last dose of Week 24).  Blood 
samples for trough concentrations were taken prior to abaloparatide administration on Days 8, 
29, 57, 85, 113, 141, and 169. Samples to measure peak levels were to be obtained 90 minutes 
after injection of study medication on Days 1, 8, 29, 57, 85, 113, and 141. 
 
Biomarkers Assessment: 
Blood samples were taken pre-treatment (~ 6 weeks before start of study) and after Weeks 1, 2, 
4, 12, and 24 after abaloparatide treatment to assess markers of bone metabolism    
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Table Summarizing the Schedule of Assessments during the 24-Week Treatment Period 
(Applicant’s table 9-5). 
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Table Summarizing the Schedule of Assessments during the 24-Week Extension Period 
(Applicant’s table 9-6). 

 

 
 

BMD Results: 

Hip Intertrochanteric Area/Femoral Shaft  

Mean (SEM) Percent Change From Baseline at Weeks 12 and 24 in Hip Intertrochanteric 
Area/Femoral Shaft BMD in the ITT Population (N=221) (Applicant’s study report, figure 11-
12). 
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Summary of BMD values and % Change from Baseline of Hip Intertrochanteric Area/Femoral Shaft 
BMD at Week 12 (g/cm2) (ITT Population, N=221) (Applicant’s study report section 14.2, table 3.3.2). 
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The following figure shows the relationship between the mean % change in Hip Intertrochanteric 
Area/Femoral Shaft BMD from Baseline to Week 24 and abaloparatide dose.  

 

Femoral Neck 

Mean (SEM) Percent Change From Baseline at Weeks 12 and 24 in Femoral Neck BMD in the 
ITT Population (N=221) (Applicant’s study report, figure 11-7). 
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Summary of BMD values, Change from Baseline, and Statistical Analysis of Femoral Neck BMD at 
Weeks 12 and 24 (g/cm2) (ITT Population, N=221) (Applicant’s study report, table 11-18). 

 

 
Femoral Neck BMD values at Baseline, at Week 24, and % Change from Baseline Following 
Abaloparatide Treatment in the ITT Population (N=221) (prepared using the Applicant’s data in 
table 11-18).   

Mean (SD) 
BMD values,  
g/cm2 

Placebo 
(N=37) 

Abaloparatide 
20 mcg (N=29) 

Abaloparatide 
40 mcg (N=29) 

Abaloparatide 
80 mcg (N=28) 

Teriparatide 
20 mcg (N=32) 

Baseline 0.653 (0.118) 0.654 (0.115) 0.655 (0.096) 0.628 (0.101) 0.669 (0.102) 

Week 24 0.659 (0.119) 0.671 (0.119) 0.668 (0.096) 0.647 (0.107) 0.676 (0.108) 

Change from 
Baseline 

0.0058 0.0179 0.0138 0.0190 0.0072 

% Change 
From Baseline 
to Week 24 

0.79 (4.80) 2.69 (4.02) 2.20 (4.41) 3.07 (4.18) 1.07 (4.56) 

 
The following figure shows the relationship between the mean % change in Femoral Neck BMD 
from Baseline to Week 24 and abaloparatide dose.  
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Total Analyzable Spine 

Mean (SEM) Percent Change From Baseline at Weeks 12 and 24 in Total Analyzable Spine 
BMD in the ITT Population (N=221) (Applicant’s study report, figure 11-2). 
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Summary of BMD values, Change from Baseline, and Statistical Analysis of Spine BMD at Weeks 12 
and 24 (g/cm2) (ITT Population, N=221) (Applicant’s study report, table 11-13). 

 

 
 
Spine BMD values at Baseline, at Week 24, and % Change From Baseline Following 
Abaloparatide Treatment in the ITT Population (N=221) (prepared using the Applicant’s data in 
table 11-13).   

Mean (SD) 
BMD values,  
g/cm2 

Placebo 
(N=37) 

Abaloparatide 
20 mcg (N=29) 

Abaloparatide 
40 mcg (N=29) 

Abaloparatide 
80 mcg (N=28) 

Teriparatide 
20 mcg (N=32) 

Baseline 0.783 (0.113) 0.766 (0.110) 0.753 (0.089) 0.749 (0.108) 0.763 (0.108) 

Week 24 0.795 (0.1117) 0.789 (0.110) 0.792 (0.091) 0.799 (0.114) 0.804 (0.111) 

% Change 
(Baseline to 
Week 24) 

1.57 (3.37) 2.28 (2.61) 5.24 (4.51) 6.66 (4.17) 5.51 (4.12) 

 
The following figure shows the relationship between the mean % change in Spine BMD from 
Baseline to Week 24 and abaloparatide dose.  
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*0 represents placebo 

 
Reviewer’s Comments: There is a linear dose-response relationship for BMD of the hip 
intertrochanteric area/femoral shaft (representing total hip) and total analyzable spine with R2 = 
0.98 and 0.94, respectively, following subcutaneous abaloparatide 20, 40, and 80 mcg.  
 
Bone Formation Marker - PINP 
Percent Change From Baseline to Weeks 1, 2, 4, 12, and 24 in PINP in the ITT Population 
(n=221) (Applicant’s study report, table 11-26). 
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Percent Change From Baseline to Weeks 1, 2, 4, 12, 24, and 48 in PINP in the Extension 
Population (n=55) (Applicant’s study report, table 11-27). 

 
 
Bone Formation Marker - PICP 
Percent Change From Baseline to Weeks 1, 2, 4, 12, and 24 in PICP in the ITT Population 
(n=221) (Applicant’s study report, table 11-35). 
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Percent Change From Baseline to Weeks 1, 2, 4, 12, 24, and 48 in PICP in the Extension 
Population (n=55) (Applicant’s study report, table 11-36). 

 
 
Bone Formation Marker - BSAP 
Percent Change From Baseline to Weeks 1, 2, 4, 12, and 24 in BSAP in the ITT Population 
(n=221) (Applicant’s study report, table 11-29). 
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Percent Change From Baseline to Weeks 1, 2, 4, 12, 24, and 48 in BSAP in the Extension 
Population (n=55) (Applicant’s study report, table 11-30). 

 
 
Bone Formation Marker – Osteocalcin 
Percent Change From Baseline to Weeks 1, 2, 4, 12, and 24 in Osteocalcin in the ITT Population 
(n=221) (Applicant’s study report, table 11-32). 
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Percent Change From Baseline to Weeks 1, 2, 4, 12, 24, and 48 in Osteocalcin in the Extension 
Population (n=55) (Applicant’s study report, table 11-33). 

 
 
Bone Resorption Marker – CTX 
Percent Change From Baseline to Weeks 1, 2, 4, 12, and 24 in CTX in the ITT Population 
(n=221) (Applicant’s study report, table 11-38). 
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Percent Change From Baseline to Weeks 1, 2, 4, 12, 24, and 48 in CTX in the Extension 
Population (n=55) (Applicant’s study report, table 11-39). 

 
 
Bone Resorption Marker – NTX 
Percent Change From Baseline to Weeks 1, 2, 4, 12, and 24 in NTX in the ITT Population 
(n=221) (Applicant’s study report, table 11-41). 
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Percent Change From Baseline to Weeks 1, 2, 4, 12, 24, and 48 in NTX in the Extension 
Population (n=55) (Applicant’s study report, table 11-42). 

 
 
Plasma Abaloparatide Concentrations 90 min After Subcutaneous Injection by Week (table 11-
57) 
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Reviewer’s Comment: In the table above (Applicant’s table 11-57), peak abaloparatide 
concentrations at Weeks 0, 1, 4, 8, 12, 16, 16, and 20 refer to abaloparatide concentrations 90 
min after injection on Days 1, 8, 29, 57, 85, 113, and 141. These single points do not necessarily 
reflect Cmax as prior phase 1 studies showed that the median (min, max) Tmax is approximately 
0.5 (0.25, 0.50) hr, not 1.5 hrs, for once daily abaloparatide 80 mcg.   
 
Safety Findings: 
Most Common TEAS through 28 Weeks in the Safety Population (N=221) (table 12-5) 
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Headache 3 (6.7) 2 (4.7) 6 (14.0) 6 (13.3) 6 (13.3) 

Hypercalcemia  1 (2.2) 1 (2.3) 3 (7.0) 2 (4.4) 4 (8.9) 

Hypercalciuria 4 (8.9) 3 (7.0) 2 (4.7) 4 (8.9) 5 (11.1) 

 
Most Common TEAS through 28 Weeks in the Extension Population (N=55) (table 12-6) 

 

Reference ID: 4028441



91 
 

 
 
Discontinuations due to AEs (table 12-10) 

 
 
Chemistries (Applicant’s table 12-13) 
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Serum Calcium (Applicant’s table 12-2) in Safety Pop (week 24) 
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Serum Calcium (Applicant’s table 12-3) in Extension Pop (up to week 40) 

 
 
Supine BP in Safety Population (N=221) (table 12-26) 

  
 
AEs related to vital signs abnormalities in safety population (N=221) (table 12-27) 
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AEs related to vital signs abnormalities in extension population (N=55) (table 12-29) 

 
 
Reviewer’s Comments: 

• The Applicant states that the abaloparatide doses selected for this study was based upon the 
safety and bone markers found in phase 1 study BA058-05-001.  Specifically, factors 
considered to be important in the doses to be included in the dose-finding study included 
tolerability, lack of hypercalcemia (serum calcium > 11.2 mg/dL), and evidence of bone 
marker response.   

• Supportive evidence for the proposed dose and dosing regimen came from this phase 2 dose 
finding study.  It was a randomized, parallel-group study to evaluate the effects of 
abaloparatide in the treatment of postmenopausal women with osteoporosis for a treatment 
duration of 24 weeks with an extension period of 24 weeks.  Both a placebo arm and an 
active comparator arm (teriparatide) were included in the study design together with multiple 
doses of abaloparatide to assess the absolute and relative efficacy of abaloparatide.   

• A total of 211 patients were randomized into five treatment arms (placebo, abaloparatide-SC 
20 mcg, 40 mcg, 80 mcg, and teriparatide 20 mcg.  Efficacy assessments included BMD 
(surrogates for clinical fracture) of the intertrochanteric area/femoral neck (representing total 
hip), femoral neck, and lumbar spine.  Pharmacodynamic markers for bone formation and 
resorption (indirect and more distal measures of fracture) included:  P1NP, BSAP, 
osteocalcin, P1CP, and CTX.  

• Efficacy results at Weeks 12 and 24 indicate that abaloparatide induced a dose-dependent 
increase in bone mineral density in the hip region and spine bone density.  Abaloparatide also 
induced an increase in bone mineral density in the femoral neck but a dose dependency was 
not apparent. 
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• The median abaloparatide trough concentrations were approximately 20 pg/mL, equivalent to 
the lower limit of quantitation, in all dose groups and, thus, suggesting that there was no 
accumulation with repeated daily administration.  Additionally, it was not feasible to conduct 
exposure BMD and biomarker response analysis from this study due to the low trough 
concentrations.   

• There was a linear and dose dependent response relationship for BMD of the hip 
intertrochanteric area/femoral shaft (representing total hip) and total analyzable spine.  Linear 
regression of the data resulted in a correlation coefficient of r2 = 0.98 and 0.94, respectively, 
following subcutaneous abaloparatide 20, 40, and 80 mcg and placebo. The relationship 
between BMD of the femoral neck and abaloparatide dose was less robust with an r2=0.63. 

• In this phase 2 study, increases in bone formation marker P1NP peaked at Week 4 and 
declined following abaloparatide 80 mcg; this is consistent with observations of P1NP in the 
phase 3 study where the peak was also observed after 4 weeks treatment, followed by a 
decline by Month 18.  The response to teriparatide was generally greater for all bone 
formation markers. This pattern of response is consistent with published data and with the 
hypothesis that teriparatide elicits an initial response in BMD.  However, over a period of 
more prolonged exposure, this response may be gradually attenuated and associated with a 
continuing rise in markers of bone resorption. 

• Consistent with known bone resorption effects of endogenous parathyroid hormone and 
synthetic parathyroid hormone analogue teriparatide, abaloparatide also induces bone 
resorption with effects higher at the 40 and 80 mcg doses vs the 20 mcg dose.  In the phase 3 
study, CTX peaked at 49% above baseline by Month 3 and declined to 30% above baseline at 
Month 18.  Due to the shorter treatment duration of 24 weeks, a decline of CTX was not 
observed in this phase 2 study. 
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4.4.4 Study BA058-05-011  
 
Title: A Phase 1, Open-Label, Parallel Group, Single-Dose Study to Evaluate the 
Pharmacokinetics, Pharmacodynamics, Safety and Tolerability of a Single Subcutaneous 
Abaloparatide Injection in Subjects with Varying Degrees of Renal Function  
 
Objectives: 
Primary: To evaluate the PK and PD parameters of a single 80 mcg SC dose of abaloparatide in 
subjects with mild, moderate and severe renal impairment compared with subjects with normal 
renal function. 
 
Secondary: To evaluate the safety and tolerability of a single 80 mcg SC dose of abaloparatide in 
subjects with mild, moderate, and severe renal impairment and in subjects with normal renal 
function. 
 
Methods: Abaloparatide 80 mcg administered subcutaneously to the periumbilical region while 
seated on morning on Day 1. The classification of renal impairment was based upon the 
estimation of creatinine clearance (CLCr) using the Cockcroft-Gault equation.  
 
Study Period: March 24, 2015 – July 27, 2015 
 
Inclusion Criteria (major):  
1. Adult male or female subjects age 18 to 80 years (both inclusive) 
2. Able to understand and willing to sign the ICF and able to comply with the study restrictions 
3. BMI 18 to 35 kg/m2, inclusive 
4. Female subjects were enrolled if they were: 

a. documented to be surgically sterile or postmenopausal (amenorrhea >1 year and follicle 
stimulating hormone (FSH) ≥ 30 mU/mL), or 

b. practicing true abstinence for at least 28 days prior to dosing until 30 days after drug 
administration and having a negative urine pregnancy test at Screening and Day -1, or 

c. using two forms of highly effective contraception, out of which one was a physical barrier 
(condom or diaphragm), and another method such as adequate hormonal method (e.g., 
contraceptive implants, injectables, oral contraceptives) or nonhormonal methods (e.g., 
intrauterine device, spermicidals) from Screening or at least 2 weeks prior to study drug 
administration (whichever is earlier) until 30 days after intake of study medication and 
having a negative urine pregnancy test at Screening and Day -1 

5. Male subjects with female partners of childbearing potential were enrolled if they were: 
a. documented surgically sterile (vasectomy), or 
b. practicing true abstinence for 90 days after the drug administration, or 
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c. using two adequate forms of highly effective contraception, out of which one should be a 
physical barrier for 90 days after the drug administration 

 
Exclusion Criteria (major): 
1. Clinically relevant abnormal medical history, abnormal findings on physical examination, vital 

signs, ECG, or laboratory tests at Screening that the Investigator judged as likely to interfere 
with the objectives of the trial or the safety of the volunteer except for conditions associated 
with renal impairment in subjects with compromised renal function (Groups 1 to 3) 

2. Corrected QT interval (QTc) using Bazett's correction (QTcB) or QTc using Fridericia 
correction (QTcF) at Screening or pre-dose >470 ms for female subjects and >450 ms for 
male subjects 

3. Documented congenital QT syndrome 
4. Hypercalcemia with serum calcium > upper limit of normal (ULN) +20% or conditions related 

with risk of hypercalcemia, including primary hyperparathyroidism and hyperthyroidism 
(thyroid stimulating hormone [TSH] < lower limit of normal [LLN]. 

5. Alkaline phosphatase (ALP) >ULN +50% 
6. Uncontrolled hyperuricemia (as judged by the Investigator) 
7. Metabolic bone disease other than primary osteoporosis (including secondary and hereditary 

osteoporosis, Paget's bone disease) 
8. History of epilepsy or epileptic seizures in the past 5 years 
9. Known or suspected hypersensitivity to PTH products 
10. History of multiple and/or severe allergies to drugs or foods or a history of severe 

anaphylactic reaction 
 
Treatment Products: Abaloparatide-SC (80 mcg/injection) in a multi-dose pre-filled 1.5 mL 
cartridge with a pen injector device (Benton Dickerson Pen II).  
 
Pharmacokinetics Sampling: 
Blood samples were taken to determine plasma concentrations of abaloparatide at pre-dose 
(within 30 min before dosing) and up to 24 hrs after dosing.   
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Pharmacodynamic Monitoring 
The following pharmacodynamic assessments for abaloparatide were made using blood and 
urine samples: 

• Serum total calcium 
• Whole blood ionized calcium 
• Albumin corrected serum calcium 
• Serum phosphorus and serum cAMP 
• Urine calcium 
• Urine phosphorus and urine cAMP 
• Urine calcium/urine ratio 
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Sponsor’s Classification of Renal Function 

Degree of Renal Impairment CLCr (mL/min) 
Mild  > 60 to < 90 
Moderate > 30 to < 60 
Severe > 15 to < 30 
Normal > 90 

 
Results: 

Abaloparatide Plasma Concentrations (geometric mean) versus Time by Renal Function 
(Applicant’s study report, figure 3) 

 
 
Abaloparatide Pharmacokinetic Parameters by Renal Function (Applicant’s study report, Table 
7). 
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The following table was prepared using the Applicant’s data in table 7.   

PK Parameter 
(%CV) 

Normal 
Function 

(N=8; 4M, 4W) 

Mild 
Impairment 

(N=8; 4M, 4W) 

Moderate 
Impairment 

(N=7; 4M, 3W) 

Severe 
Impairment 

(N=8; 5M, 3W) 

Cmax (pg/mL) 431 (33) 444 (35) 575 (24) 639 (42) 

AUC0-inf 

(pg.hr/mL) 
576 (37) 652 (31) 956 (32) 1241 (42) 

CL/f (L/hr) 170 (61) 137 (40) 92 (35) 78 (51) 

t1/2 1.1 (31) 1.2 (64) 1.5 (29) 1.9 (44) 

Tmax (hr)* 0.38 (0.25, 0.50) 0.36 (0.25, 0.55) 0.48 (0.25, 1.02) 0.34 (0.25, 0.50) 

*range 

 
 

 

Reference ID: 4028441



101 
 

Comparison of Abaloparatide Plasma Pharmacokinetic Parameters by Renal Function 
(Applicant’s study report, table 9). 

 
 
The following table was prepared using the Applicant’s data in table 9.   

GMR PK 
Parameter 
(90%CI) 

Mild vs. Normal 
(N=8) 

Moderate vs. Normal 
(N=7) 

Severe vs. Normal 
(N=8) 

Cmax (pg/mL) 1.03 (0.79, 1.35) 1.28 (0.97, 1.70) 1.44 (1.10, 1.89)  

AUC0-inf 

(pg.hr/mL) 
1.17 (0.81, 1.68)  1.68 (1.15, 2.45) 2.13 (1.49, 3.06) 

 
Safety Findings: 
 
Change in Supine vital Signs from Baseline by Renal Function (Applicant’s study report, table 
13).   
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Reviewer’s Comments: 

• The Applicant estimated the CLCr values at screening for classification of renal function 
using the Cockcroft-Gault equation.  This is an acceptable approach per the Office of Clinical 
Pharmacology renal impairment guidance.  

• Patients with end stage renal function (CLCr <15 ml/min) were not included in the study 
population.   

• There was no change in Cmax in patients with mild renal impairment, compared to subjects 
with normal renal function.  There was 1.3- and 1.4-fold increase in Cmax in patients with 
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moderate and severe renal impairment, respectively, compared to subjects with normal renal 
function. 

• There was a 1.2-, 1.7- and 2.1-fold increase in AUC0-inf in subjects with mild, moderate, and 
severe renal impairment, respectively, compared to subjects with normal renal function. 

• The geometric mean ratio for AUC0-inf for patients with severe renal impairment was 2.13 
with an upper end of the 90%CI of approximately 3.1.  For some patients with severe renal 
impairment, a single dose of 80 mcg would be equivalent to 240 mcg based upon prior 
establishment of dose proportionality from 80 to 240 mcg.  The 240 mcg dose was 
determined to be the maximum tolerated dose based upon the phase 1 study BA058-05-010.  

• The greatest effect on the supine heart rate and blood pressure occurred at the first post dose 
sampling of 2 hrs after subcutaneous injection of 80 mcg abaloparatide injection, with the 
most significant change from baseline in the systolic blood pressure.  The increase in systolic 
blood pressure was similar across all three groups of patients with renal impairment and 
subjects with normal renal function.   

• By the follow-up visit (Day 14; ~ 2weeks after the single dose administration), there was no 
notable mean change from baseline in heart rate and blood pressure were similar in all 
patients with renal impairment and subjects with normal renal function.   
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4.4.5 Study BA058-05-016  
 
Title: A Randomized, Open Label, Single-Dose, 2-Way Crossover Study to Determine the 
Bioequivalence of Abaloparatide Administered Subcutaneously from Two Similar Pen Injectors 
to Healthy Postmenopausal Women. 
 
Objectives: To determine the bioequivalence of abaloparatide when administered subcutaneously 
from two similar pen injectors 
 
Methods: This was a randomized study comparing the pharmacokinetics of abaloparatide SC 80 
mcg from two different pen injectors – a Becton Dickenson (BD) II pen injector versus an 
UnoPen injector.  The Applicant states that both the BD II pen and UnoPen have identical needle 
length, bore diameter, dose, and are used for SC injection.  The BD II pen was used in the pivotal 
phase 3 study BA058-05-003.  The to-be-marketed pen device will be the UnoPen injector.   
 
Healthy postmenopausal women received a single dose of 80 mcg abaloparatide administered SC 
to the periumbilical area while supine from a BD II pen injector, and 80 μg abaloparatide 
administered SC to the periumbilical region while supine from a UnoPen injector separated by 
72 hours.     
 
Schematic of Study Design (Applicant’s figure 1). 

 
 
Study Period: January 12, 2016 – February 10, 2016 
 
Inclusion Criteria (major):  
1. Postmenopausal women age 50 to 80 years (both inclusive) at the time of screening. 
2. Subjects in good general health 
3. Creatinine clearance (Cockcroft and Gault) of >60 mL/min   
4. BMI 18 to 30 kg/m2, inclusive 
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5. Subjects had serum phosphorus and total calcium concentrations within the normal range 
during screening  

6. Subjects had a normal serum alkaline phosphatase levels during screening, or if abnormal, was 
not clinically significant in the opinion of the Investigator 

7. Subjects had a 25-hydroxyvitamin D concentration of >15 ng/mL 
8. Subjects had all other screening and baseline clinical laboratory tests without any clinically 

significant abnormality, in the opinion of the Investigator 
9. Resting 12-lead ECG obtained during screening showed no clinically significant abnormality 

of the following intervals: PR ≥120 and ≤220 ms; QRS ≤120 ms; and QTc (Fredericia’s 
correction) ≤450 ms.  

 
Exclusion Criteria (major): 
1. Subject had a history of clinically significant chronic or recurrent renal, hepatic, pulmonary, 

allergic, dermatologic, cardiovascular, gastrointestinal, endocrine, central nervous system, 
hematologic or metabolic disease, or immunologic, emotional and/or psychiatric disturbance 

2. Subject had been diagnosed with osteoporosis, Paget's disease, or other metabolic bone 
diseases (e.g., vitamin D deficiency or osteomalacia), or had a non-traumatic fracture within 1 
year prior to the initial screening visit 

3. Subject had a history of any cancer within the past 5 years (excluding basal cell carcinoma). 
4. Subject had a history of bone metastases or history of skeletal malignancy 
5. Subject had a history of osteosarcoma at any time or increased baseline risk of osteosarcoma 

including Paget's disease of bone, unexplained elevation in alkaline phosphatase, prior 
external beam, or implant radiation in which the skeleton is in the radiation field 

6. Subject had a history of nephrolithiasis or urolithiasis within the past 5 years 
7. Subject had a history of gout or a uric acid value >7.5 mg/dL during screening 
8. Subject had a history of peripheral vascular disease  
9. Subject had a decrease of ≥20 mmHg in systolic blood pressure or ≥10 mmHg in diastolic 

blood pressure from supine to standing (blood pressure was measured after 3 min in the 
supine position followed immediately by a measurement after 3 min standing) and/or any 
symptomatic hypotension 

 
Treatment Products: Abaloparatide-SC (80 mcg/40 mL per injection) in a multi-dose pre-filled 

 mL cartridge with a BD II pen injector device or UnoPen injector.  
 
Pharmacokinetics Sampling: 
Blood samples were taken to determine plasma concentrations of abaloparatide at 0 (pre-dose), 
0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, and 24 hrs after dosing.   
 
Results: 
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Abaloparatide Plasma Concentrations (geometric mean) versus Time (Applicant’s addendum 
study report without subjects 1015 and 1016, figure 3). 

 
 
Reviewer’s comment: Abaloparatide concentrations beyond t=4 hr were below the LLOQ of 20 
pg/mL. 
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Abaloparatide Pharmacokinetic Parameters by Pen Injector (Applicant’s addendum study report 
without subjects 1015 and 1016, Table 9). 
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The following table was prepared using the Applicant’s data in addendum report table 9 without 
subjects 1015 and 1016.   

PK Parameter 
(%CV) 

UnoPen Injector  
(N=27) 

BD II Pen Injector  
(N=29) 

Cmax (pg/mL) 635 (32) 600 (32) 

AUC0-t (pg.hr/mL) 956 (44) 868 (37)  

AUC0-inf (pg.hr/mL) 1012 (43) 922 (36) 

CL/F (L/hr) 95 (48) 102 (49) 

t1/2 1.1 (35) 1.1 (27) 

Tmax (hr)* 0.50 (0.25, 1.00) 0.50 (0.25, 1.00) 

*median (range) 

 
The following table was prepared using the Applicant’s data in table 9.   

GMR PK Parameter (%) 
(90%CI of GMR) 

UnoPen (Test) vs. BD II (Reference) 

Cmax (pg/mL) 104.4 (94.8, 114.9) 

AUC0-t (pg.hr/mL) 109.4 (98.4, 121.6) 
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AUC0-inf (pg.hr/mL) 109.1 (98.2, 121.3)  

 
Safety Findings: 
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Reviewer’s Comments: 

• Abaloparatide is a solution contained in a glass cartridge that placed into a pen injector for 
use by the patient.  In the pivotal phase 3 trial, abaloparatide was administered 
subcutaneously using multi-dose cartridges inserted into Becton-Dickenson (BD) II pen 
injectors, while the to-be-marketed product is the same multi-dose cartridge inserted into an 
UnoPen pen injector.   

• In this single-dose, two-center, two-way, crossover study in healthy postmenopausal women, 
the Applicant assessed the bioequivalence of abaloparatide exposure following subcutaneous 
administration with either a BD II pen injector or an UnoPen injector.   

• The study design is acceptable to assess the bioequivalence of the two injector pens.  
Specifically, the washout period of at least 72 hrs was adequate to ensure there was no carry-
over (residual abaloparatide from the first treatment period) as abaloparatide half-life is 1.7 
hrs.   

• Based upon results from an inspection of the bioanalytical site by the Office of Study 
Integrity 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 (#1015 and 
1016) that were included in the affected run. 

• The geometric mean ratio (90% CI) of Cmax for the UnoPen injector versus the BD II pen 
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 DB II pen injector and the UnoPen injector are 
bioequivalent. 

• In terms of safety, there was a slightly higher incidence of headaches in the UnoPen group (6 
subjects) vs. the DB II group (3 subjects).  However, the safety profile was generally similar 
effect for both pen injectors.   
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