Supplemental Material
Supplementary Results
Population pharmacokinetic analysis
The final population pharmacokinetic (PK) parameters of abaloparatide are summarized in Supplementary Table 2. The population estimates of total clearance (CL) and central volume of distribution (Vc) for abaloparatide were 48.7 L/h and 12.3 L. Based on the population PK model, half-life values associated with the distribution and elimination phases of abaloparatide were 0.12 and 1.50 h, respectively. Total volume of distribution was 42.5 L (i.e., 12.3 + 30.2 L).
The presence of anti-drug antibodies (ADA) was the most important covariate describing the variability of CL and Vc of abaloparatide. The impact of ADA titer ≤1:1 and >1:1 on CL and Vc of abaloparatide, and the resulting effect on the terminal elimination half-life (t½β) are discussed below.
In the presence of ADA with titer ≤1:1, the CL and Vc of abaloparatide are expected to be 1.59- and 2.46-fold higher (i.e., 77.4 L/h and 30.3 L) relative to those who are ADA negative. The estimated t½βin the presence of ADA titer ≤1:1 is 1.3 h. Overall, a mild effect was observed on t½βsince both CL and Vc increased. 
In the presence of ADA titer >1:1, the CL and Vc of abaloparatide are expected to be 2.92- and 14.9-fold higher (i.e., 142.2 L/h and 183.3 L) relative to those who are ADA negative. The estimated t½β in the presence of ADA titer >1:1 is 1.4 h. Overall, a mild effect was observed on t½βsince both CL and Vc increased. The expected net effect is lower peak concentrations of abaloparatide due to the larger Vc. 
Additional effects of estimated glomerular filtration rate (eGFR, creatinine clearance as estimated by Cockcroft-Gault formula) on the CL and dose on Vc of abaloparatide are discussed below.
The effect of eGFR on CL was estimated with an exponent of 0.371 [(eGFR/79)0.371]. These results suggest a slower clearance of abaloparatide in subjects with lower eGFR. For example, typical patients (postmenopausal women with osteoporosis) with moderate and severe renal impairment (eGFR of 45 and 22 mL/min/1.73m2, respectively) would be expected to have CL values 19% and 38% lower (39.5 and 30.3 L/h, respectively) than that in a typical patient with a eGFR of 79 mL/min, respectively. Typical patients with moderate and severe renal impairment are expected to have t½ values of 1.6 and 1.8 h, respectively. 
The Vc of abaloparatide was dose-dependent. The effect of dose (administered subcutaneously [SC]) on Vc was mild, with an estimated exponent of 0.350 [(DoseSC/80)0.350]. These results suggest a larger Vc of abaloparatide as a function of dose. For example, an SC dose of 240 µg would be associated with a Vc value 47% higher than that estimated for a typical dose of 80 µg (18.1 and 12.3 L, respectively). 
The estimated bioavailability (F) of abaloparatide was 53.2% and 44.2%, in patients (postmenopausal women with osteoporosis) and healthy subjects, respectively. 
The effect of dose on F was mild, with an estimated exponent of −0.250 [(DoseSC/80)−0.25]. The effect was not deemed clinically relevant, since the intended clinical dose of abaloparatide is a single SC dose of 80 µg. 
The F of abaloparatide was occasion-specific. At Months 1, 3, and 6, the estimated F was 17% 19%, and 6% higher than that observed at Day 1. At Month 12, the estimated F was 2% lower than that observed at Day 1. The above time effect on F was mild and may be interpreted as a residual effect of ADA (actual titer measurements) since the current analysis included the effect of ADA as distinct categories (ADA titer ≤1:1 or >1:1). 
For the intravenous dosing of abaloparatide in Study BA058-05-010, the input rate of abaloparatide was modeled using a time-varying intravenous infusion rate. Overall, the infusion rate at time zero was 7.01 µg/h, and increased by 15.9 µg/h over the duration of infusion for a final rate of 22.9 µg/h (7.01 + 15.9 µg/h). The final rate value was consistent with the nominal input rate of 20 µg/h.

Supplementary Table 1
Studies contributing data to population PK analysis
	Study
	N
	Dose, μg
	Multiple dose
	Design

	BA058-05-003
(ACTIVE)
	812
	80
	Yes
	Phase 3 RCT, postmenopausal women with osteoporosis

	BA058-05-004
	10
	80
	No
	Healthy postmenopausal volunteers

	BA058-05-006
	6
	80
	No*/ Yes†
	Healthy postmenopausal volunteers

	BA058-05-008
	4
	80
	No
	Healthy postmenopausal volunteers

	BA058-05-010
	18*
	40*
	No
	2-way crossover bioavailability study in healthy male and female volunteers

	
	
	80*
	
	

	
	32†
	120-320†
	
	Dose escalation: 120, 240, 280, 320 μg

	BA058-05-011
	32
	80
	No
	Renal impairment study 
(mild, moderate, severe, normal)

	BA058-05-012
	52
	80
	No
	4-way crossover QTc study in healthy male and female volunteers

	
	
	240
	
	


*Cohort 1; †Cohort 2. All doses administered subcutaneously except for 40 μg dose in BA058-05-010, which was given as a 2-hour IV infusion. 
ACTIVE, Abaloparatide Comparator Trail in Vertebral Endpoints; IV, intravenous; PK, pharmacokinetic, QTc, QT interval corrected for heart rate; RCT, randomized controlled trial.


Supplementary Table 2
[bookmark: _Toc475727181][bookmark: _Toc495829974]Final population PK parameters of abaloparatide
	Parameter
	Estimate
	BSV%
	Shrinkage

	CL (L/h)
	48.7
	27.9%
	32.4%

	
	× 1.59 if ADA titer ≤1:1
	
	

	
	× 2.92 if ADA titer >1:1
	
	

	
	× (eGFR/79)0.371
	
	

	Vc (L)
	12.3
	63.5%
	52.9%

	
	× 2.46 if ADA (≤1:1)
	
	

	
	× 14.9 if ADA (>1:1)
	
	

	
	× (DoseSC/80)0.350
	
	

	CLp (L/h)
	20.7
	0, Fixed
	NA

	Vp (L)
	30.2
	49.2%
	48.8%

	Ka (h-1)
	1.57
	44.4%
	33.4%

	F
	0.532
	27.8%
	38.3%

	
	× (DoseSC/80)−0.250
	
	

	
	× 0.83 if Healthy Subjects
	
	

	
	× 1.17 if Month 1 (Patients)
	
	

	
	× 1.19 if Month 3 (Patients)
	
	

	
	× 1.06 if Month 6 (Patients)
	
	

	
	× 0.98 if Month 12 (Patients)
	
	

	Infusion Model
	
	
	

	InfRate0 (µg/h)
	7.01
	0, Fixed
	NA

	InfRateMax (µg/h)
	15.9
	0, Fixed
	NA

	InfDur50 (h)
	0.38
	0, Fixed
	NA

	Hill
	5.6
	0, Fixed
	NA

	Error Model
	
	
	

	Log Error
	0.429
	NA
	NA


ADA, antidrug antibodies; CL, clearance; CLp, peripheral clearance; BSV, between-subjects variability; eGFR, estimated glomerular filtration rate; F, estimated bioavailability; InfDur50, duration of infusion associated with 50% of the maximum infusion rate; InfRate0, the infusion rate at time 0; InfRateMax, maximum infusion rate; Ka, rate constant of absorption; PK, pharmacokinetic; SC, subcutaneous; Vc, central volume of distribution; Vp, peripheral volume of distribution. 


Figure captions
Supplementary Figure 1
[bookmark: _Toc495829983]Goodness-of-fit of population PK model of abaloparatide: individual/population predicted versus individual concentrations and distribution of conditional weighted residuals
	
	


Blue circles, observations (DV); CWRES, conditional weighted residuals; DV, dependent variable; IPRED, individual prediction; PK, pharmacokinetic; PRED, population prediction; red line, solid black line, identity line.

Supplementary Figure 2
[bookmark: _Toc495829984]Goodness-of-fit of population PK model of abaloparatide: prediction-corrected visual predictive check
Dark grey areas, median population predicted interval; dashed red line, upper/lower 95th observed concentrations; light grey areas, upper/lower 95th population predicted intervals; solid red line, observed median concentrations.
LN, natural log; PK, pharmacokinetic.

[bookmark: _GoBack]Supplementary Figure 13
Serum bone turnover biomarkers over time by treatment arm: (a) s-PINP in patients treated with abaloparatide, (b) s-PINP in patients treated with teriparatide, (c) s-CTX in patients treated with abaloparatide, and (d) s-CTX in patients treated with teriparatide 
aEstimated creatinine clearance by Cockcroft-Gault formula.
eGFR, estimated glomerular filtration rate; s-CTX, carboxy-terminal cross-linking telopeptide of type I collagen; s-PINP, procollagen type I N-terminal propeptide
