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STABLE LIQUID FORMULATION OF AMG 416 (VELCALCETIDE) 

CROSS-REFERENCE TO RELATED APPLICATIONS 

5 

This application claims the benefit of U.S. Provisional Application No. 61/840,618, 

filed June 28, 2013, the contents of which are incorporated herein by reference in their 

entirety. 

FIELD OF THE INVENTION 

The present disclosure relates to a liquid formulation comprising a peptide agonist of 

10 the calcium sensing receptor, particularly to such a formulation that remains stable after 

storage for an extended period. The disclosure is also directed to methods of preparing and 

using the formulation. 

BACKGROUND OF THE INVENTION 

A variety of compounds having activity for lowering parathyroid hormone levels have 

15 been described. See International Publication No. WO 2011/014707. In one embodiment, 

the compound may be represented as follows: 

H—L-Cys—OH 
1 

S— S 
20 I 

Ac—D-Cys—D-Ala—D-Arg—D-Arg—D-Arg—D-Ala—D-Arg—NH2  

The main chain has 7 amino acids, all in the D-configuration and the side-chain cysteine 

residue is in the L-configuration. The amino terminal is acetylated and the carboxyl-terminal 

25 is amidated. This compound ("AMG-416") has utility for the treatment of secondary 

hyperparathyroidism (SHPT) in hemodialysis patients. A liquid formulation comprising 

AMG-416 may be administered to a subject intravenously. The hydrochloride salt of 

AMG-416 may be represented as follows: 

H—L-Cys—OH 
30 I 

S- S 
1 

Ac—D-Cys—D-Ala—D-Arg—D-Arg—D-Arg—D-Ala—D-Arg—NH2 • x(HCI) 

35 Therapeutic peptides pose a number of challenges with respect to their formulation. 

Peptides in general, and particularly those that contain a disulfide bond, typically have only 

moderate or poor stability in aqueous solution. Peptides are prone to amide bond hydrolysis 
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using the formulation. 

BACKGROUND OF THE INVENTION 

A variety of compounds having activity for lowering parathyroid hormone levels have 

15 been described. See International Publication No. WO 2011/014707. In one embodiment, 

the compound may be represented as follows: 

H-L-Cys-OH 

20 
S—S 

Ac-D-Cys-D-Ala-D-Arg-D-Arg-D-Arg-D-Ala-D-Arg-NH2 

The main chain has 7 amino acids, all in the D-configuration and the side-chain cysteine 

residue is in the L-configuration. The amino terminal is acetylated and the carboxyl-terminal 

25 is amidated. This compound ("AMG-416") has utility for the treatment of secondary 

hyperparathyroidism (SHPT) in hemodialysis patients. A liquid formulation comprising 

AMG-416 may be administered to a subject intravenously. The hydrochloride salt of 

AMG-416 may be represented as follows: 

H-L-Cys-OH 
30 | 

S—S 

Ac-D-Cys-D-Ala-D-Arg-D-Arg-D-Arg-D-Ala-D-Arg-NH2 • x(HCl) 

35 Therapeutic peptides pose a number of challenges with respect to their formulation. 

Peptides in general, and particularly those that contain a disulfide bond, typically have only 

moderate or poor stability in aqueous solution. Peptides are prone to amide bond hydrolysis 
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at both high and low pH. Disulfide bonds can be unstable even under quite mild conditions 

(close to neutral pH). In addition, disulfide containing peptides that are not cyclic are 

particularly prone to dimer formation. Accordingly, therapeutic peptides are often provided 

in lyophilized form, as a dry powder or cake, for later reconstitution. A lyophilized 

5 formulation of a therapeutic peptide has the advantage of providing stability for long periods 

of time, but is less convenient to use as it requires the addition of one or more diluents and 

there is the potential risk for errors due to the use of an improper type or amount of diluent, as 

well as risk of contamination. In addition, the lyophilization process is time consuming and 

costly. 

10 Accordingly, there is a need for an aqueous liquid formulation comprising a peptide 

agonist of the calcium sensing receptor, such as AMG 416. It would be desirable for the 

liquid formulation to remain stable over a relevant period of time under suitable storage 

conditions and to be suitable for administration by intravenous or other parenteral routes. 

15 SUMMARY OF THE INVENTION 

A liquid formulation comprising a peptide agonist of the calcium sensing receptor, 

such as AMG 416 is provided. 

In one embodiment, the formulation has a pH of about 2.0 to about 5.0. In another 

embodiment, the formulation has a pH of 2.5 to 4.5. In another embodiment, the formulation 

20 has a pH of 2.5 to 4.0. In another embodiment, the formulation has a pH of 3.0 to 3.5. In 

another embodiment, the formulation has a pH of 3.0 to 4.0. In another embodiment, the 

formulation has a pH of 2.8 to 3.8. 

In another embodiment, the pH of the formulation is maintained by a 

pharmaceutically acceptable buffer. Such buffers include, without limitation, succinate 

25 buffers, acetate buffers, citrate buffers and phosphate buffers. In another embodiment, the 

buffer is succinate buffer. The pH of the formulation may be adjusted as needed with an acid 

or base, such as HC1 or NaOH. 

In another embodiment, the peptide agonist of the calcium sensing receptor is present 

at a concentration of 0.1 mg/mL to 20 mg/mL. In another embodiment, the peptide is present 

30 at a concentration of 1 mg/mL to 15 mg/mL. In another embodiment, the peptide is present 

at a concentration of 2.5 mg/mL to 10 mg/mL. In another embodiment, the peptide is present 

at a concentration of about 1 mg/mL, about 5 mg/mL or about 10 mg/mL. 

In another embodiment, AMG 416 is present at a concentration of about 0.1 mg/mL to 

about 20 mg/mL. In one embodiment, AMG 416 is present at a concentration of about 1 
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at both high and low pH. Disulfide bonds can be unstable even under quite mild conditions 

(close to neutral pH). In addition, disulfide containing peptides that are not cyclic are 

particularly prone to dimer formation. Accordingly, therapeutic peptides are often provided 

in lyophilized form, as a dry powder or cake, for later reconstitution. A lyophilized 
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of time, but is less convenient to use as it requires the addition of one or more diluents and 

there is the potential risk for errors due to the use of an improper type or amount of diluent, as 

well as risk of contamination. In addition, the lyophilization process is time consuming and 
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10 Accordingly, there is a need for an aqueous liquid formulation comprising a peptide 

agonist of the calcium sensing receptor, such as AMG 416. It would be desirable for the 

liquid formulation to remain stable over a relevant period of time under suitable storage 

conditions and to be suitable for administration by intravenous or other parenteral routes. 

15 SUMMARY OF THE INVENTION 

A liquid formulation comprising a peptide agonist of the calcium sensing receptor, 

such as AMG 416 is provided. 

In one embodiment, the formulation has a pH of about 2.0 to about 5.0. In another 

embodiment, the formulation has a pH of 2.5 to 4.5. In another embodiment, the formulation 

20 has a pH of 2.5 to 4.0. In another embodiment, the formulation has a pH of 3.0 to 3.5. In 

another embodiment, the formulation has a pH of 3.0 to 4.0. In another embodiment, the 

formulation has a pH of 2.8 to 3.8. 

In another embodiment, the pH of the formulation is maintained by a 

pharmaceutically acceptable buffer. Such buffers include, without limitation, succinate 

25 buffers, acetate buffers, citrate buffers and phosphate buffers. In another embodiment, the 

buffer is succinate buffer. The pH of the formulation may be adjusted as needed with an acid 

or base, such as HC1 or NaOH. 

In another embodiment, the peptide agonist of the calcium sensing receptor is present 

at a concentration of 0.1 mg/mL to 20 mg/mL. In another embodiment, the peptide is present 

30 at a concentration of 1 mg/mL to 15 mg/mL. In another embodiment, the peptide is present 

at a concentration of 2.5 mg/mL to 10 mg/mL. In another embodiment, the peptide is present 

at a concentration of about 1 mg/mL, about 5 mg/mL or about 10 mg/mL. 

In another embodiment, AMG 416 is present at a concentration of about 0.1 mg/mL to 

about 20 mg/mL. In one embodiment, AMG 416 is present at a concentration of about 1 
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mg/mL to about 15 mg/mL. In another embodiment, AMG 416 is present at a concentration 

of about 2.5 mg/mL to about 10 mg/mL. In another embodiment, AMG 416 is present at a 

concentration of about 1 mg/mL, about 2.5 mg/mL, about 5 mg/mL or about 10 mg/mL. 

In another embodiment, AMG 416 is present at a concentration of 0.1 mg/mL to 20 

5 	mg/mL. In one embodiment, AMG 416 is present at a concentration of 1 mg/mL to 15 

mg/mL. In another embodiment, AMG 416 is present at a concentration of 2.5 mg/mL to 10 

mg/mL. In another embodiment, AMG 416 is present at a concentration of 1 mg/mL to 5 

mg/mL. In another embodiment, AMG 416 is present at a concentration of 5 mg/mL to 10 

mg/mL. In another embodiment, AMG 416 is present at a concentration of 0.5 to 1.5 mg/mL, 

10 	2.0 to 3.0 mg/mL, 4.5 to 5.5 mg/mL or 9.5 to about 10.5 mg/mL 

In another embodiment, the formulation further comprises a pharmaceutically 

acceptable tonicity modifier or mixture of pharmaceutically acceptable tonicity modifiers. In 

another embodiment, the tonicity modifier (or mixture of tonicity modifiers) is present at a 

concentration sufficient for the formulation to be approximately isotonic with bodily fluids 

15 	(e.g., human blood). In another aspect, the tonicity modifier is NaCl. 

In another embodiment, the formulation comprises a therapeutically effective amount 

of a peptide agonist of the calcium sensing receptor. In a preferred embodiment, the 

formulation comprises a therapeutically effective amount of AMG 416. 

In another embodiment, the formulation has less than 10% degradation when stored at 

20 	2-8°C for up to 2 years. In another embodiment, the formulation has less than 10% 

degradation when stored at 2-8°C for up to 3 years. In another embodiment, the formulation 

has less than 10% degradation when stored at 2-8°C for up to 4 years. 

In another embodiment, the formulation has less than 8% degradation when stored at 

2-8°C for up to 2 years. In another embodiment, the formulation has less than 8% 

25 	degradation when stored at 2-8°C for up to 3 years. In another embodiment, the formulation 

has less than 8% degradation when stored at 2-8°C for up to 4 years. 

In another embodiment, the formulation has less than 10% degradation when stored at 

room temperature for 3 months. In another embodiment, the formulation has less than 10% 

degradation when stored at room temperature for up to 6 months. In another embodiment, 

30 	the formulation has less than 10% degradation when stored at room temperature for up to 1 

year. 

In another embodiment, a formulation comprising 0.5 mg/mL to 20 mg/mL of a 

peptide agonist of the calcium sensing receptor (e.g., AMG 416) in aqueous solution, a 

succinate buffer that maintains the formulation at a pH of about 3.0 to about 3.5, and a 
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mg/mL to about 15 mg/mL. In another embodiment, AMG 416 is present at a concentration 

of about 2.5 mg/mL to about 10 mg/mL. In another embodiment, AMG 416 is present at a 

concentration of about 1 mg/mL, about 2.5 mg/mL, about 5 mg/mL or about 10 mg/mL. 

In another embodiment, AMG 416 is present at a concentration of 0.1 mg/mL to 20 

5 mg/mL. In one embodiment, AMG 416 is present at a concentration of 1 mg/mL to 15 

mg/mL. In another embodiment, AMG 416 is present at a concentration of 2.5 mg/mL to 10 

mg/mL. In another embodiment, AMG 416 is present at a concentration of 1 mg/mL to 5 

mg/mL. In another embodiment, AMG 416 is present at a concentration of 5 mg/mL to 10 

mg/mL. In another embodiment, AMG 416 is present at a concentration of 0.5 to 1.5 mg/mL, 

10 2.0 to 3.0 mg/mL, 4.5 to 5.5 mg/mL or 9.5 to about 10.5 mg/mL 

In another embodiment, the formulation further comprises a pharmaceutically 

acceptable tonicity modifier or mixture of pharmaceutically acceptable tonicity modifiers. In 

another embodiment, the tonicity modifier (or mixture of tonicity modifiers) is present at a 

concentration sufficient for the formulation to be approximately isotonic with bodily fluids 

15 (e.g., human blood). In another aspect, the tonicity modifier is NaCl. 

In another embodiment, the formulation comprises a therapeutically effective amount 

of a peptide agonist of the calcium sensing receptor. In a preferred embodiment, the 

formulation comprises a therapeutically effective amount of AMG 416. 

In another embodiment, the formulation has less than 10% degradation when stored at 

20 2-8°C for up to 2 years. In another embodiment, the formulation has less than 10% 

degradation when stored at 2-8°C for up to 3 years. In another embodiment, the formulation 

has less than 10% degradation when stored at 2-8°C for up to 4 years. 

In another embodiment, the formulation has less than 8% degradation when stored at 

2-8°C for up to 2 years. In another embodiment, the formulation has less than 8% 

25 degradation when stored at 2-8°C for up to 3 years. In another embodiment, the formulation 

has less than 8% degradation when stored at 2-8°C for up to 4 years. 

In another embodiment, the formulation has less than 10% degradation when stored at 

room temperature for 3 months. In another embodiment, the formulation has less than 10% 

degradation when stored at room temperature for up to 6 months. In another embodiment, 

30 the formulation has less than 10% degradation when stored at room temperature for up to 1 

year. 

In another embodiment, a formulation comprising 0.5 mg/mL to 20 mg/mL of a 

peptide agonist of the calcium sensing receptor (e.g., AMG 416) in aqueous solution, a 

succinate buffer that maintains the formulation at a pH of about 3.0 to about 3.5, and a 
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sufficient concentration of sodium chloride for the formulation to be approximately isotonic 

with human blood is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Figure 1 is a series of graphs plotting purity (%) as a function of time (days) for AMG 

416 solutions in succinate-buffered saline (pH 4.5) at room temperature (RT). Figure lA 

shows the stability of AMG 416 solutions having concentrations of 200, 66, 20, 6.7, 2.2 and 

0.67 mg/mL of AMG 416. In Figure 1B, the scale is expanded to more clearly illustrate the 

degradation pattern at concentrations of 20 mg/mL and below. 

10 Figure 2 is a graph plotting purity (%) as a function of time (days) for AMG 416 

solutions in succinate-buffered saline (pH 4.5) at 40°C having concentrations in the range of 

20, 6.7, 2.2 and 0.67 mg/mL of AMG 416,. 

Figure 3 is a series of graphs plotting purity (%) as a function of time (days) for 

AMG 416 solutions in succinate-buffered saline (pH 2, 3, 4, 5 and 6) at 40°C. In Figure 3A, 

15 	the concentration of AMG 416 is 10 mg/mL and in Figure 3B the concentration of AMG 416 

is 2.5 mg/mL. 

Figure 4 is a series of graphs plotting purity (%) at 28 days as a function of pH for 

AMG 416 solutions in succinate-buffered saline at 2-8°C, RT and 40°C. In Figure 4A, the 

concentration of AMG 416 is 10 mg/mL and in Figure 4B the concentration of AMG 416 is 

20 	2.5 mg/mL. 

Figure 5 is a series of HPLC chromatograms. The HPLC trace in Figure 5A is for a 

AMG 416 solution (5 mg/mL, pH 2.25) stored for 27 days at 40°C (87.8% purity). In Figure 

5B, the scale is expanded to more clearly illustrate the peaks. 

Figure 6 is a series of HPLC chromatograms. The HPLC trace in Figure 6A is for a 

25 	AMG 416 solution (5 mg/mL, pH 3.5) stored for 27 days at 40°C (91.7% purity). In 

Figure 6B, the scale is expanded to more clearly illustrate the peaks. 

Figure 7 is a graph plotting purity (%) as a function of time (days) for a series of 

AMG 416 solutions (5 mg/mL) in succinate-buffered saline (pH 2.25, 2.5, 3.0 and 3.5) at 

2-8°C. 

30 Figure 8 is a graph plotting purity (%) as a function of time (days) for a series of 

AMG 416 solutions (5 mg/mL) in succinate-buffered saline (pH 2.25, 2.5, 3.0 and 3.5) at RT. 

Figure 9 is a graph plotting purity (%) as a function of time (days) for a series of 

AMG 416 solutions (5 mg/mL) in succinate-buffered saline (pH 2.25, 2.5, 3.0 and 3.5) at 

40°C. 
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sufficient concentration of sodium chloride for the formulation to be approximately isotonic 
with human blood is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Figure 1 is a series of graphs plotting purity (%) as a function of time (days) for AMG 

416 solutions in succinate-buffered saline (pH 4.5) at room temperature (RT). Figure 1A 

shows the stability of AMG 416 solutions having concentrations of 200, 66, 20, 6.7, 2.2 and 

0.67 mg/mL of AMG 416. In Figure IB, the scale is expanded to more clearly illustrate the 

degradation pattern at concentrations of 20 mg/mL and below. 

10 Figure 2 is a graph plotting purity (%) as a function of time (days) for AMG 416 

solutions in succinate-buffered saline (pH 4.5) at 40°C having concentrations in the range of 

20, 6.7, 2.2 and 0.67 mg/mL of AMG 416,. 

Figure 3 is a series of graphs plotting purity (%) as a function of time (days) for 

AMG 416 solutions in succinate-buffered saline (pH 2, 3, 4, 5 and 6) at 40°C. In Figure 3A, 

15 the concentration of AMG 416 is 10 mg/mL and in Figure 3B the concentration of AMG 416 

is 2.5 mg/mL. 

Figure 4 is a series of graphs plotting purity (%) at 28 days as a function of pH for 

AMG 416 solutions in succinate-buffered saline at 2-8°C, RT and 40°C. In Figure 4A, the 

concentration of AMG 416 is 10 mg/mL and in Figure 4B the concentration of AMG 416 is 

20 2.5 mg/mL. 

Figure 5 is a series of HPLC chromatograms. The HPLC trace in Figure 5 A is for a 

AMG 416 solution (5 mg/mL, pH 2.25) stored for 27 days at 40°C (87.8% purity). In Figure 

5B, the scale is expanded to more clearly illustrate the peaks. 

Figure 6 is a series of HPLC chromatograms. The HPLC trace in Figure 6 A is for a 

25 AMG 416 solution (5 mg/mL, pH 3.5) stored for 27 days at 40°C (91.7% purity). In 

Figure 6B, the scale is expanded to more clearly illustrate the peaks. 

Figure 7 is a graph plotting purity (%) as a function of time (days) for a series of 

AMG 416 solutions (5 mg/mL) in succinate-buffered saline (pH 2.25, 2.5, 3.0 and 3.5) at 
2-8°C. 

30 Figure 8 is a graph plotting purity (%) as a function of time (days) for a series of 

AMG 416 solutions (5 mg/mL) in succinate-buffered saline (pH 2.25, 2.5, 3.0 and 3.5) at RT. 

Figure 9 is a graph plotting purity (%) as a function of time (days) for a series of 

AMG 416 solutions (5 mg/mL) in succinate-buffered saline (pH 2.25, 2.5, 3.0 and 3.5) at 
40°C. 
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Figure 10 is a series of graphs plotting degradant (%) as a function of time (days) for 

a series of AMG 416 solutions (5 mg/mL) in succinate-buffered saline (pH 2.25, 2.5, 3.0 and 

3.5). The time-course of C-terminal deamidation is shown at 2-8°C (Figure 10A), RT (Figure 

10B) and at 40°C (Figure 10C). Note that the scale of the y-axis is different in each graph. 

5 Figure 11 is a series of graphs plotting degradant (%) as a function of time (days) for 

a series of AMG 416 solutions (5 mg/mL) in succinate-buffered saline ((pH 2.25, 2.5, 3.0 and 

3.5). The time-course of homodimer formation is shown at 2-8°C (Figure 11A), RT (Figure 

11B) and at 40°C (Figure 11C). Note that the scale of the y-axis of Figure 11C is different 

from that in Figures 11A and 11B. 

10 Figure 12 is a series of graphs plotting purity (%) as a function of pH (2.8-3.8), AMG 

416 concentration (4-6 mg/mL) and NaC1 (0.7-1.0%) for a series of solutions in succinate- 

buffered saline stored at 2-8°C (Figure 12A), 25°C (Figure 12B) and 40°C (Figure 12C). 

Figure 13 is a series of graphs plotting purity (%) as a function of time (months) for a 

series of AMG 416 solutions (3.4 mg/mL) in succinate-buffered saline (pH 2.5, 3.0, 3.5) 

15 	stored at 2-8°C (Figure 13A), 25°C (Figure 13B) and 40°C (Figure 13C). 

DETAILED DESCRIPTION OF THE INVENTION 

The section headings used herein are for organizational purposes only and are not to 

be construed as limiting the subject matter described. 

20 Unless otherwise defined herein, scientific and technical terms used in connection 

with the present application shall have the meanings that are commonly understood by those 

of ordinary skill in the art. Further, unless otherwise required by context, singular terms shall 

include pluralities and plural terms shall include the singular. 

Generally, nomenclatures used in connection with, and techniques of, molecular 

25 	biology and protein chemistry described herein are those well known and commonly used in 

the art. The methods and techniques of the present application are generally performed 

according to conventional methods well known in the art and as described in various general 

and more specific references that are cited and discussed throughout the present specification 

unless otherwise indicated. See, e.g., Laszlo, Peptide-Based Drug Design: Methods and 

30 	Protocols, Humana Press (2008); Benoiton, Chemistry of Peptide Synthesis, CRC Press 

(2005); Ausubel et al., Current Protocols in Molecular Biology, Greene Publishing 

Associates (1992), which are incorporated herein by reference for any purpose. Purification 

techniques are performed according to manufacturer's specifications, as commonly 

accomplished in the art or as described herein. The terminology used in connection with, and 
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Figure 10 is a series of graphs plotting degradant (%) as a function of time (days) for 

a series of AMG 416 solutions (5 mg/mL) in succinate-buffered saline (pH 2.25, 2.5, 3.0 and 

3.5). The time-course of C-terminal deamidation is shown at 2-8°C (Figure 10A), RT (Figure 

10B) and at 40°C (Figure 10C). Note that the scale of the y-axis is different in each graph. 

5 Figure 11 is a series of graphs plotting degradant (%) as a function of time (days) for 

a series of AMG 416 solutions (5 mg/mL) in succinate-buffered saline ((pH 2.25, 2.5, 3.0 and 

3.5). The time-course of homodimer formation is shown at 2-8°C (Figure 11 A), RT (Figure 

1 IB) and at 40°C (Figure 11C). Note that the scale of the y-axis of Figure 11C is different 

from that in Figures 11A and 1 IB. 

10 Figure 12 is a series of graphs plotting purity (%) as a function of pH (2.8-3.8), AMG 

416 concentration (4-6 mg/mL) and NaCl (0.7-1.0%) for a series of solutions in succinate-

buffered saline stored at 2-8°C (Figure 12A), 25°C (Figure 12B) and 40°C (Figure 12C). 

Figure 13 is a series of graphs plotting purity (%) as a function of time (months) for a 

series of AMG 416 solutions (3.4 mg/mL) in succinate-buffered saline (pH 2.5, 3.0, 3.5) 

15 stored at 2-8°C (Figure 13 A), 25°C (Figure 13B) and 40°C (Figure 13C). 

DETAILED DESCRIPTION OF THE INVENTION 

The section headings used herein are for organizational purposes only and are not to 

be construed as limiting the subject matter described. 

20 Unless otherwise defined herein, scientific and technical terms used in connection 

with the present application shall have the meanings that are commonly understood by those 

of ordinary skill in the art. Further, unless otherwise required by context, singular terms shall 

include pluralities and plural terms shall include the singular. 

Generally, nomenclatures used in connection with, and techniques of, molecular 

25 biology and protein chemistry described herein are those well known and commonly used in 

the art. The methods and techniques of the present application are generally performed 

according to conventional methods well known in the art and as described in various general 

and more specific references that are cited and discussed throughout the present specification 

unless otherwise indicated. See, e.g., Laszlo, Peptide-Based Drug Design: Methods and 

30 Protocols, Humana Press (2008); Benoiton, Chemistry of Peptide Synthesis, CRC Press 

(2005); Ausubel et al., Current Protocols in Molecular Biology, Greene Publishing 

Associates (1992), which are incorporated herein by reference for any purpose. Purification 

techniques are performed according to manufacturer's specifications, as commonly 

accomplished in the art or as described herein. The terminology used in connection with, and 
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the laboratory procedures and techniques of, analytical chemistry, synthetic organic 

chemistry, and medicinal and pharmaceutical chemistry described herein are those well 

known and commonly used in the art. Standard techniques can be used for chemical 

syntheses, chemical analyses, pharmaceutical preparation, formulation, and delivery, and 

5 treatment of patients. 

It should be understood that this disclosure is not limited to the particular 

methodology, protocols, and reagents, etc., described herein and as such may vary. The 

terminology used herein is for the purpose of describing particular embodiments only, and is 

not intended to limit the scope of the disclosed, which is defined solely by the claims. 

10 As used herein, the term "about" in the context of a given value or range refers to a 

value or range that is within 20%, preferably within 10%, and more preferably within 5% of 

the given value or range 

I. 	General Definitions 

15 Following convention, as used herein "a" and "an" mean "one or more" unless 

specifically indicated otherwise. 

The term "AMG 416" refers to the compound having the chemical name: N-acetyl-D-

cysteinyl-D-alanyl-D-arginyl-D-arginyl-D-arginyl-D-alanyl-D-arginamide disulfide with L-

cysteine, which may be represented as: 

20 H—L-Cys—OH 
1 

S— S 
1 

Ac—D-Cys—D-Ala—D-Arg—D-Arg—D-Arg—D-Ala—D-Arg—NH2  
25 

The terms "AMG 416 hydrochloride" or "AMG 416 HC1" are interchangeable and refer to 

the compound having the chemical name: N-acetyl-D-cysteinyl-D-alanyl-D-arginyl-D-arginyl- 

D-arginyl-D-alanyl-D-arginamide disulfide with L-cysteine hydrochloride, which may be 

represented as: 

30 H—L-Cys—OH 
1 

S— S 
1 

Ac—D-Cys—D-Ala—D-Arg—D-Arg—D-Arg—D-Ala—D-Arg—NH2 • xHC1 
35 

As used herein, the terms "amino acid" and "residue" are interchangeable and, when 

used in the context of a peptide or polypeptide, refer to both naturally occurring and synthetic 
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the laboratory procedures and techniques of, analytical chemistry, synthetic organic 

chemistry, and medicinal and pharmaceutical chemistry described herein are those well 

known and commonly used in the art. Standard techniques can be used for chemical 

syntheses, chemical analyses, pharmaceutical preparation, formulation, and delivery, and 

5 treatment of patients. 

It should be understood that this disclosure is not limited to the particular 

methodology, protocols, and reagents, etc., described herein and as such may vary. The 

terminology used herein is for the purpose of describing particular embodiments only, and is 

not intended to limit the scope of the disclosed, which is defined solely by the claims. 

10 As used herein, the term "about" in the context of a given value or range refers to a 

value or range that is within 20%, preferably within 10%, and more preferably within 5% of 

the given value or range 

L General Definitions 

15 Following convention, as used herein "a" and "an" mean "one or more" unless 

specifically indicated otherwise. 

The term "AMG 416" refers to the compound having the chemical name: JV-acetyl-D-

cysteinyl-D-alanyl-D-arginyl-D-arginyl-D-arginyl-D-alanyl-D-arginamide disulfide with L-

cysteine, which may be represented as: 

20 H-L-Cys-OH 

S—S 

Ac-D-Cys-D-Ala-D-Arg-D-Arg-D-Arg-D-Ala-D-Arg-NH2 
25 

The terms "AMG 416 hydrochloride" or "AMG 416 HC1" are interchangeable and refer to 

the compound having the chemical name: jV-acetyl-D-cysteinyl-D-alanyl-D-arginyl-D-arginyl-

D-arginyl-D-alanyl-D-arginamide disulfide with L-cysteine hydrochloride, which may be 

represented as: 

30 H-L-Cys-OH 

S—S 

Ac-D-Cys-D-Ala-D-Arg-D-Arg-D-Arg-D-Ala-D-Arg-NH2 • xHCl 
35 

As used herein, the terms "amino acid" and "residue" are interchangeable and, when 

used in the context of a peptide or polypeptide, refer to both naturally occurring and synthetic 
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amino acids, as well as amino acid analogs, amino acid mimetics and non-naturally occurring 

amino acids that are chemically similar to the naturally occurring amino acids. 

The term "treating" refers to any indicia of success in the treatment or amelioration of 

an injury, pathology or condition, including any objective or subjective parameter such as 

5 abatement; remission; diminishing of signs or symptoms or making the injury, pathology or 

condition more tolerable to the patient; slowing in the rate of degeneration or decline; making 

the final point of degeneration less debilitating; improving a patient's physical or mental 

well-being. The treatment or amelioration of signs or symptoms can be based on objective or 

subjective parameters; including the results of a physical examination, for example, the 

10 treatment of SHPT by decreasing elevated levels of parathyroid hormone (PTH). . 

The terms "therapeutically effective dose" and "therapeutically effective amount," as 

used herein, means an amount that elicits a biological or medicinal response in a tissue 

system, animal, or human being sought by a researcher, physician, or other clinician, which 

includes alleviation or amelioration of the signs or symptoms of the disease or disorder being 

15 treated, for example, an amount of AMG 416 that elicits a desired reduction in elevated PTH 

level. 

The term "room temperature" as used herein refers to a temperature of about 25°C. 

Storage under "refrigerated conditions" as used herein refers to storage at a temperature of 

2-8°C. 

20 The terms "peptide", "polypeptide" and "protein" are interchangeable and refer to a 

polymer of amino acids, typically joined together through peptide or disulfide bonds. The 

terms also apply to amino acid polymers in which one or more amino acid residues is an 

analog or mimetic of a corresponding naturally occurring amino acid, as well as to naturally 

occurring amino acid polymers. The terms can also encompass amino acid polymers that 

25 have been modified, e.g., by the addition of carbohydrate residues to form glycoproteins, or 

phosphorylated. Peptides, polypeptides and proteins can be produced by a liquid-phase 

synthesis or solid phase synthesis or by a genetically-engineered or recombinant cell. 

A "variant" of a peptide or polypeptide comprises an amino acid sequence wherein 

one or more amino acid residues are inserted into, deleted from and/or substituted into the 

30 amino acid sequence relative to another polypeptide sequence. Variants include fusion 

proteins. 

A "derivative" of a peptide or polypeptide is a peptide or polypeptide that has been 

chemically modified in some manner distinct from insertion, deletion, or substitution 

variants, e.g., via conjugation to another chemical moiety. Such modification can include the 
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polymer of amino acids, typically joined together through peptide or disulfide bonds. The 

terms also apply to amino acid polymers in which one or more amino acid residues is an 

analog or mimetic of a corresponding naturally occurring amino acid, as well as to naturally 

occurring amino acid polymers. The terms can also encompass amino acid polymers that 

25 have been modified, e.g., by the addition of carbohydrate residues to form glycoproteins, or 

phosphorylated. Peptides, polypeptides and proteins can be produced by a liquid-phase 

synthesis or solid phase synthesis or by a genetically-engineered or recombinant cell. 

A "variant" of a peptide or polypeptide comprises an amino acid sequence wherein 

one or more amino acid residues are inserted into, deleted from and/or substituted into the 

30 amino acid sequence relative to another polypeptide sequence. Variants include fusion 

proteins. 

A "derivative" of a peptide or polypeptide is a peptide or polypeptide that has been 

chemically modified in some manner distinct from insertion, deletion, or substitution 

variants, e.g., via conjugation to another chemical moiety. Such modification can include the 
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covalent addition of a group to the amino and/or carboxy termini of the peptide or 

polypeptide, e.g., acetylation of the amino terminus and/or amidation of the carboxy terminus 

of a peptide or polypeptide. 

The term "amino acid" includes its normal meaning in the art. The twenty naturally- 

5 occurring amino acids and their abbreviations follow conventional usage. See, Immunology- 

A Synthesis, 2nd Edition, (E. S. Golub and D. R. Green, eds.), Sinauer Associates: 

Sunderland, Mass. (1991), which is incorporated herein by reference for any purpose. 

Stereoisomers (e.g., D-amino acids) of the 19 conventional amino acids (except glycine), 

unnatural amino acids such as [alpha]-, [alpha]-disubstituted amino acids, N-alkyl amino 

10 acids, and other unconventional amino acids may also be suitable components for 

polypeptides and are included in the phrase "amino acid." Examples of unconventional 

amino acids include: homocysteine, ornithine, 4-hydroxyproline, [gamma]-carboxyglutamate, 

[epsilon]-N,N,N-trimethyllysine, [epsilon]-N-acetyllysine, 0-phosphoserine, N-acetylserine, 

N-formylmethionine, 3-methylhistidine, 5-hydroxylysine, [sigma]-N-methylarginine, and 

15 other similar amino acids and imino acids (e.g., 4-hydroxyproline). In the polypeptide 

notation used herein, the amino terminal is to the left and the carboxyl-terminal is to the 

right, in accordance with standard usage and convention. 

A "subject" or "patient" as used herein can be any mammal. In a typical embodiment, 

the subject or patient is a human. 

20 A "buffer" as used herein refers to a composition, wherein the composition comprises 

a weak acid and its conjugate base (usually as a conjugate base salt), a weak base and its 

conjugate acid, or mixtures thereof Those skilled in the art would readily recognize a variety 

of buffers that could be used in the formulations used in the invention. Typical buffers 

include, but are not limited to pharmaceutically acceptable weak acids, weak bases, or 

25 mixtures thereof Exemplary pharmaceutically acceptable buffers include acetate (e.g., 

sodium acetate), succinate (e.g., sodium succinate). 

The phrase "weak acid" is a chemical acid that does not fully ionize in aqueous 

solution; that is, if the acid is represented by the general formula HA, then in aqueous 

solution A- forms, but a significant amount of undissociated HA still remains. The acid 

30 dissociation constant (1(2) of a weak acid varies between 1.8x10-16  and 55.5. 

The phrase "weak base" is a chemical base that does not fully ionize in aqueous 

solution; that is, if the base was represented by the general formula B, then in aqueous 

solution BH+ forms, but a significant amount of unprotonated B still remains. The acid 
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[epsilon]-N,N,N-trimethyllysine, [epsilon]-N-acetyllysine, O-phosphoserine, N-acetylserine, 

N-formylmethionine, 3-methylhistidine, 5-hydroxylysine, [sigma]-N-methylarginine, and 

15 other similar amino acids and imino acids (e.g., 4-hydroxyproline). In the polypeptide 

notation used herein, the amino terminal is to the left and the carboxyl-terminal is to the 

right, in accordance with standard usage and convention. 

A "subject" or "patient" as used herein can be any mammal. In a typical embodiment, 

the subject or patient is a human. 

20 A "buffer" as used herein refers to a composition, wherein the composition comprises 

a weak acid and its conjugate base (usually as a conjugate base salt), a weak base and its 

conjugate acid, or mixtures thereof. Those skilled in the art would readily recognize a variety 

of buffers that could be used in the formulations used in the invention. Typical buffers 

include, but are not limited to pharmaceutically acceptable weak acids, weak bases, or 

25 mixtures thereof. Exemplary pharmaceutically acceptable buffers include acetate (e.g., 

sodium acetate), succinate (e.g., sodium succinate). 

The phrase "weak acid" is a chemical acid that does not fully ionize in aqueous 

solution; that is, if the acid is represented by the general formula HA, then in aqueous 

solution A- forms, but a significant amount of undissociated HA still remains. The acid 

30 dissociation constant (K^) of a weak acid varies between 1.8xl0"16 and 55.5. 

The phrase "weak base" is a chemical base that does not fully ionize in aqueous 

solution; that is, if the base was represented by the general formula B, then in aqueous 

solution BH+ forms, but a significant amount of unprotonated B still remains. The acid 
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dissociation constant (Ka) of the resultant conjugate weak acid BH+ varies between 1.8x10-16  

and 55.5. 

The phrase "conjugate acid" is the acid member, HX+, of a part of two compounds 

(HX+, X) that transform into each other by gain or loss of a proton. 

5 The phrase "conjugate base" is the base member, X-, of a pair of two compounds 

(HX, X-) that transform into each other by gain or loss of a proton. 

The phrase "conjugate base salt" is the ionic salt comprising a conjugate base, X-, and 

a positively charged counterion. 

The phrase "buffer system" means a mixture containing at least two buffers. 

10 The term "q.s." means adding a quantity sufficient to achieve a desired function, e.g., 

to bring a solution to the desired volume (i.e., 100%). 

15 

The phrase "tonicity modifier" means a pharmaceutically acceptable inert substance 

that can be added to the formulation to adjust the tonicity of the formulation. Tonicity 

modifiers suitable for this invention include, but are not limited to, sodium chloride, 

potassium chloride, mannitol or glycerin and other pharmaceutically acceptable tonicity 

modifier. 

II. 	Embodiments 

The present disclosure relates to liquid formulations comprising a peptide agonist of 

20 the calcium sensing receptor, wherein the formulation has a pH of about 2.0 to about 5.0. In 

a preferred embodiment, the present disclosure relates to a liquid formulation comprising 

AMG 416, wherein the formulation has a pH of about 2.0 to about 5.0. AMG 416 and its 

preparation are described in International Pat. Publication No. WO 2011/014707. For 

example, AMG 416 may be assembled by solid-phase synthesis from the corresponding 

25 Fmoc-protected D-amino acids. After cleavage from the resin, the material may be treated 

with Boc-L-Cys(NPyS)-OH to form the disulfide bond. The Boc group may then be removed 

with trifluoroacetic acid (TFA) and the resulting product purified by reverse-phase high 

pressure liquid chromatography (HPLC) and isolated as the TFA salt form by lyophilization. 

The TFA salt can be converted to a pharmaceutically acceptable salt by carrying out a 

30 subsequent salt exchange procedure. Such procedures are well known in the art and include, 

e.g., an ion exchange technique, optionally followed by purification of the resultant product 

(for example by reverse phase liquid chromatography or reverse osmosis). 
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dissociation constant (Ka) of the resultant conjugate weak acid BH+ varies between 1.8xl0"16 

and 55.5. 

The phrase "conjugate acid" is the acid member, HX+, of a part of two compounds 

(HX+, X) that transform into each other by gain or loss of a proton. 

5 The phrase "conjugate base" is the base member, X-, of a pair of two compounds 

(HX, X-) that transform into each other by gain or loss of a proton. 

The phrase "conjugate base salt" is the ionic salt comprising a conjugate base, X-, and 

a positively charged counterion. 

The phrase "buffer system" means a mixture containing at least two buffers. 

10 The term "q.s." means adding a quantity sufficient to achieve a desired function, e.g., 

to bring a solution to the desired volume (i.e., 100%). 

The phrase "tonicity modifier" means a pharmaceutically acceptable inert substance 

that can be added to the formulation to adjust the tonicity of the formulation. Tonicity 

modifiers suitable for this invention include, but are not limited to, sodium chloride, 

15 potassium chloride, mannitol or glycerin and other pharmaceutically acceptable tonicity 

modifier. 

II. Embodiments 

The present disclosure relates to liquid formulations comprising a peptide agonist of 

20 the calcium sensing receptor, wherein the formulation has a pH of about 2.0 to about 5.0. In 

a preferred embodiment, the present disclosure relates to a liquid formulation comprising 

AMG 416, wherein the formulation has a pH of about 2.0 to about 5.0. AMG 416 and its 

preparation are described in International Pat. Publication No. WO 2011/014707. For 

example, AMG 416 may be assembled by solid-phase synthesis from the corresponding 

25 Fmoc-protected D-amino acids. After cleavage from the resin, the material may be treated 

with Boc-L-Cys(NPyS)-OH to form the disulfide bond. The Boc group may then be removed 

with trifluoroacetic acid (TFA) and the resulting product purified by reverse-phase high 

pressure liquid chromatography (HPLC) and isolated as the TFA salt form by lyophilization. 

The TFA salt can be converted to a pharmaceutically acceptable salt by carrying out a 

30 subsequent salt exchange procedure. Such procedures are well known in the art and include, 

e.g., an ion exchange technique, optionally followed by purification of the resultant product 

(for example by reverse phase liquid chromatography or reverse osmosis). 

9 



WO 2014/210489 
	

PCT/US2014/044622 

The formulations disclosed herein are described primarily in terms of the therapeutic 

peptide, AMG 416, as the active ingredient. However, as the skilled artisan will readily 

appreciate, the present disclosure also extends to variants and derivatives of AMG 416. 

For example, in one embodiment, the disclosed formulations also may be used with: 

5 N-acetyl-D-cysteinyl-D-alanyl-D-arginyl-D-arginyl-D-arginyl-D-alanyl-D-arginamide disulfide 

with D-cysteine. In another embodiment, the disclosed formulation may also be used with 

N-acetyl-D-cysteinyl-D-alanyl-D-arginyl-D-arginyl-D-arginyl-D-alanyl-D-arginamide disulfide 

with N-acetyl-D-cysteine. In another embodiment, the disclosed formulations also may be 

used with: N-acetyl-D-cysteinyl-D-alanyl-D-arginyl-D-arginyl-D-arginyl-D-alanyl-D- 

10 arginamide disulfide with N-acetyl-L-cysteine. 

In another embodiment, the disclosed formulations also may be used with: N-acetyl-L-

cysteinyl-L-alanyl-L-arginyl-L-arginyl-L-arginyl-L-alanyl-L-arginamide disulfide with D-

cysteine. In another embodiment, the disclosed formulations also may be used with: 

N-acetyl-L-cysteinyl-L-alanyl-L-arginyl-L-arginyl-L-arginyl-L-alanyl-L-arginamide disulfide 

15 with L-cysteine. In another embodiment, the disclosed formulations also may be used with: 

N-acetyl-L-cysteinyl-L-alanyl-L-arginyl-L-arginyl-L-arginyl-L-alanyl-L-arginamide disulfide 

with N-acetyl-D-cysteine. In another embodiment, the disclosed formulations also may be 

used with: N-acetyl-L-cysteinyl-L-alanyl-L-arginyl-L-arginyl-L-arginyl-L-alanyl-L-arginamide 

disulfide with N-acetyl-L-cysteine. 

20 In another embodiment, the disclosed formulations also may be used with: N-acetyl- 

D-cysteinyl-D-arginyl-D-arginyl-D-alanyl-D-arginyl-D-alanyl-D-arginamide disulfide with D-

cysteine. In another embodiment, the disclosed formulations also may be used with: 

N-acetyl-D-cysteinyl-D-arginyl-D-arginyl-D-alanyl-D-arginyl-D-alanyl-D-arginamide disulfide 

with L-cysteine. In another embodiment, the disclosed formulations also may be used with: 

25 N-acetyl-D-cysteinyl-D-arginyl-D-arginyl-D-alanyl-D-arginyl-D-alanyl-D-arginamide disulfide 

with N-acetyl-D-cysteine. In another embodiment, the disclosed formulations also may be 

used with: N-acetyl-D-cysteinyl-D-arginyl-D-arginyl-D-alanyl-D-arginyl-D-alanyl-D-

arginamide disulfide with N-acetyl-L-cysteine. 

In another embodiment, the disclosed formulations also may be used with: N-acetyl-L- 

30 cysteinyl-L-arginyl-L-arginyl-L-alanyl-L-arginyl-L-alanyl-L-arginamide disulfide with D-

cysteine. In another embodiment, the disclosed formulations also may be used with: 

N-acetyl-L-cysteinyl-L-arginyl-L-arginyl-L-alanyl-L-arginyl-L-alanyl-L-arginamide disulfide 

with L-cysteine. In another embodiment, the disclosed formulations also may be used with: 

N-acetyl-L-cysteinyl-L-arginyl-L-arginyl-L-alanyl-L-arginyl-L-alanyl-L-arginamide disulfide 
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The formulations disclosed herein are described primarily in terms of the therapeutic 

peptide, AMG 416, as the active ingredient. However, as the skilled artisan will readily 

appreciate, the present disclosure also extends to variants and derivatives of AMG 416. 

For example, in one embodiment, the disclosed formulations also may be used with: 

5 iV-acetyl-D-cysteinyl-D-alanyl-D-arginyl-D-arginyl-D-arginyl-D-alanyl-D-arginamide disulfide 

with D-cysteine. In another embodiment, the disclosed formulation may also be used with 

iV-acetyl-D-cysteinyl-D-alanyl-D-arginyl-D-arginyl-D-arginyl-D-alanyl-D-arginamide disulfide 

with iV-acetyl-D-cysteine. In another embodiment, the disclosed formulations also may be 

used with: iV-acetyl-D-cysteinyl-D-alanyl-D-arginyl-D-arginyl-D-arginyl-D-alanyl-D-

10 arginamide disulfide with TV-acetyl-L-cysteine. 

In another embodiment, the disclosed formulations also may be used with: yV-acetyl-L-

cysteinyl-L-alanyl-L-arginyl-L-arginyl-L-arginyl-L-alanyl-L-arginamide disulfide with D-

cysteine. In another embodiment, the disclosed formulations also may be used with: 

jV-acetyl-L-cysteinyl-L-alanyl-L-arginyl-L-arginyl-L-arginyl-L-alanyl-L-arginamide disulfide 

15 with L-cysteine. In another embodiment, the disclosed formulations also may be used with: 

yV-acetyl-L-cysteinyl-L-alanyl-L-arginyl-L-arginyl-L-arginyl-L-alanyl-L-arginamide disulfide 

with TV-acetyl-D-cysteine. In another embodiment, the disclosed formulations also may be 

used with: iV-acetyl-L-cysteinyl-L-alanyl-L-arginyl-L-arginyl-L-arginyl-L-alanyl-L-arginamide 

disulfide with /V-acetyl-L-cysteine. 

20 In another embodiment, the disclosed formulations also may be used with: /V-acetyl-

D-cysteinyl-D-arginyl-D-arginyl-D-alanyl-D-arginyl-D-alanyl-D-arginamide disulfide with D-

cysteine. In another embodiment, the disclosed formulations also may be used with: 

JV-acetyl-D-cysteinyl-D-arginyl-D-arginyl-D-alanyl-D-arginyl-D-alanyl-D-arginamide disulfide 

with L-cysteine. In another embodiment, the disclosed formulations also may be used with: 

25 iV-acetyl-D-cysteinyl-D-arginyl-D-arginyl-D-alanyl-D-arginyl-D-alanyl-D-arginamide disulfide 

with iV-acetyl-D-cysteine. In another embodiment, the disclosed formulations also may be 

used with: iV-acetyl-D-cysteinyl-D-arginyl-D-arginyl-D-alanyl-D-arginyl-D-alanyl-D-

arginamide disulfide with TV-acetyl-L-cysteine. 

In another embodiment, the disclosed formulations also may be used with: iV-acetyl-L-

30 cysteinyl-L-arginyl-L-arginyl-L-alanyl-L-arginyl-L-alanyl-L-arginamide disulfide with D-

cysteine. In another embodiment, the disclosed formulations also may be used with: 

iV-acetyl-L-cysteinyl-L-arginyl-L-arginyl-L-alanyl-L-arginyl-L-alanyl-L-arginamide disulfide 

with L-cysteine. In another embodiment, the disclosed formulations also may be used with: 

iV-acetyl-L-cysteinyl-L-arginyl-L-arginyl-L-alanyl-L-arginyl-L-alanyl-L-arginamide disulfide 
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with N-acetyl-D-cysteine. In another embodiment, the disclosed formulations also may be 

used with: N-acetyl-L-cysteinyl-L-arginyl-L-arginyl-L-alanyl-L-arginyl-L-alanyl-L-arginamide 

disulfide with N-acetyl-L-cysteine. 

In another embodiment, the disclosed formulations also may be used with one or more 

5 of the compounds provided in Table 1, Table 2, Table 3, Table 4, Table 5, Table 6, Table 7, 

Table 8, Table 9 and/or Table 10 of International Pat. Publication No. WO 2011/014707. In 

another embodiment, the disclosed formulations may also be used with one or more of the 

compounds described in International Pat. Publication No. WO 2011/014707. 

In some embodiments, the formulation contains a therapeutically effective amount of 

10 the active ingredient (e.g., AMG 416). A therapeutically effective amount of the active 

ingredient in any given embodiment of the formulation of the present disclosure will depend 

upon the volume of the formulation to be delivered to a given subject, as well as the age and 

weight of the subject, and the nature of the illness or disorder being treated. Depending on 

the dosage form, in some instances a therapeutically effective amount may be provided to the 

15 patient in one administration while in other instances a plurality of administrations may be 

required. 

The liquid formulation of the present disclosure is a pharmaceutical composition 

suitable for administration by intravenously, intra-arterially, intramuscularly, and 

subcutaneously. In a preferred embodiment, the liquid formulation is suitable for 

20 administration by intravenous or other parenteral routes. Preferably, the liquid formulation is 

a sterile, aqueous solution. Typically, the solvent is injectable grade water or a mixture of 

water and one or more other water-miscible solvents(s), such as propylene glycol, 

polyethylene glycol, and ethanol. The use of sterile, deionized water as solvent is preferred. 

25 

Other solvents which are suitable and conventional for pharmaceutical preparations can, 

however, be employed. 

The formulation typically contains about 0.1 mg/mL to about 100 mg/mL of the 

active ingredient (e.g., AMG 416), about 0.1 mg/mL to about 20 mg/mL of the active 

ingredient, about 0.5 mg/mL to about 15 mg/mL of the active ingredient, about 1 mg/mL to 

about 10 mg/mL of the active ingredient, or about 2 mg/mL to about 5 mg/mL of the active 

30 ingredient. In some embodiments, the formulation contains about 1 mg/mL of the active 

ingredient, about 2 mg/mL of the active ingredient, about 2.5 mg/mL of the active ingredient, 

about 5 mg/mL of the active ingredient, about 10 mg/mL of the active ingredient or about 20 

mg/mL of the active ingredient. In another embodiment, the formulation contains 0.1 mg/mL 

to 100 mg/mL of the active ingredient, 0.1 mg/mL to 20 mg/mL of the active ingredient, 0.5 
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with jV-acetyl-D-cysteine. In another embodiment, the disclosed formulations also may be 

used with: iV-acetyl-L-cysteinyl-L-arginyl-L-arginyl-L-alanyl-L-arginyl-L-alanyl-L-arginamide 

disulfide with A^-acetyl-L-cysteine. 

In another embodiment, the disclosed formulations also may be used with one or more 

5 of the compounds provided in Table 1, Table 2, Table 3, Table 4, Table 5, Table 6, Table 7, 

Table 8, Table 9 and/or Table 10 of International Pat. Publication No. WO 2011/014707. In 

another embodiment, the disclosed formulations may also be used with one or more of the 

compounds described in International Pat. Publication No. WO 2011/014707. 

In some embodiments, the formulation contains a therapeutically effective amount of 

10 the active ingredient (e.g., AMG 416). A therapeutically effective amount of the active 

ingredient in any given embodiment of the formulation of the present disclosure will depend 

upon the volume of the formulation to be delivered to a given subject, as well as the age and 

weight of the subject, and the nature of the illness or disorder being treated. Depending on 

the dosage form, in some instances a therapeutically effective amount may be provided to the 

15 patient in one administration while in other instances a plurality of administrations may be 

required. 

The liquid formulation of the present disclosure is a pharmaceutical composition 

suitable for administration by intravenously, intra-arterially, intramuscularly, and 

subcutaneously. In a preferred embodiment, the liquid formulation is suitable for 

20 administration by intravenous or other parenteral routes. Preferably, the liquid formulation is 

a sterile, aqueous solution. Typically, the solvent is injectable grade water or a mixture of 

water and one or more other water-miscible solvents(s), such as propylene glycol, 

polyethylene glycol, and ethanol. The use of sterile, deionized water as solvent is preferred. 

Other solvents which are suitable and conventional for pharmaceutical preparations can, 

25 however, be employed. 

The formulation typically contains about 0.1 mg/mL to about 100 mg/mL of the 

active ingredient (e.g., AMG 416), about 0.1 mg/mL to about 20 mg/mL of the active 

ingredient, about 0.5 mg/mL to about 15 mg/mL of the active ingredient, about 1 mg/mL to 

about 10 mg/mL of the active ingredient, or about 2 mg/mL to about 5 mg/mL of the active 

30 ingredient. In some embodiments, the formulation contains about 1 mg/mL of the active 

ingredient, about 2 mg/mL of the active ingredient, about 2.5 mg/mL of the active ingredient, 

about 5 mg/mL of the active ingredient, about 10 mg/mL of the active ingredient or about 20 

mg/mL of the active ingredient. In another embodiment, the formulation contains 0.1 mg/mL 

to 100 mg/mL of the active ingredient, 0.1 mg/mL to 20 mg/mL of the active ingredient, 0.5 
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mg/mL to 15 mg/mL of the active ingredient, or 1 mg/mL to 10 mg/mL of the active 

ingredient, or 2 mg/mL to 5 mg/mL of the active ingredient. In a preferred embodiment, the 

formulation contains 1 mg/mL to 10 mg/mL of the active ingredient. In another preferred 

embodiment, the formulation contains 2 mg/mL to 5 mg/mL of the active ingredient. 

5 The formulation typically has a pH of about 2.0 to about 5.0, a pH of about 2.5 to 

about 4.5, a pH of about 2.5 to about 4.0, a pH of about 3.0 to about 3.5 or a pH of about 3.0 

to about 3.6. In some embodiments, the formulation has a pH of about 2, a pH of about 2.5, a 

pH of about 3.0, a pH or about 3.3, a pH of about 3.5 or a pH of about 4.0. In some 

embodiments, the formulation has a pH of 2.0 to 5.0, a pH of 2.5 to 4.5, a pH of 2.5 to about 

10 	4.0, a pH of 3.0 to 3.5 or a pH of 3.0 to 3.6. 

As described more fully in the examples, the stability of AMG 416 depends on the pH 

of the solution. The present inventors have found that the two major degradants are the result 

of C-terminal deamidation and homodimer formation. In addition, the present inventors have 

found that the time course of degradation by these pathways is a function of pH. See 

15 	Example 6. At low pH, degradation by C-terminal deamidation predominates (see Figure 10) 

while at higher pH, degradation by homodimer formation predominates (see Figure 11). 

Thus, formation of the two major degradants have the opposite relationship between pH and 

extent of degradation. These opposing trends underlie the overall stability data over the 

range of pH values and support the identification of about pH 3.0 to 3.5 as the pH of 

20 	maximum stability of AMG 416 solutions. 

Typically, the formulation contains a physiologically acceptable buffering agent that 

maintains the pH of the formulation in the desired range. In one embodiment, the buffer 

maintains a pH of about 2.0 to about 5.0, a pH of about 2.5 to about 4.5, a pH of about 2.5 to 

about 4.0, a pH of about 3.0 to about 3.5 or a pH of about 3.0 to about 3.6. In some 

25 	embodiments, the buffer maintains a pH of about 2, a pH of about 2.5, a pH of about 3.0, a 

pH of about 3.3, a pH of about 3.5 or a pH of about 4.0. In some embodiments, the buffer 

maintains a pH of 2.0 to 5.0, a pH of 2.5 to 4.5, a pH of 2.5 to about 4.0, a pH of 3.0 to 3.5 or 

a pH of 3.0 to 3.6. 

Any buffer that is capable of maintaining the pH of the formulation at any pH or 

30 	within any pH range provided above is suitable for use in the formulations of the present 

disclosure, provided that it does not react with other components of the formulation, cause 

visible precipitates to form, or otherwise cause the active ingredient to become chemically 

destabilized. The buffer used in the present formulation typically comprises a component 

selected from the group consisting of succinate, citrate, malate, edentate, histidine, acetate, 
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mg/mL to 15 mg/mL of the active ingredient, or 1 mg/mL to 10 mg/mL of the active 

ingredient, or 2 mg/mL to 5 mg/mL of the active ingredient. In a preferred embodiment, the 

formulation contains 1 mg/mL to 10 mg/mL of the active ingredient. In another preferred 

embodiment, the formulation contains 2 mg/mL to 5 mg/mL of the active ingredient. 
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adipate, aconitate, ascorbate, benzoate, carbonate, bicarbonate, maleate, glutamate, lactate, 

phosphate, and tartarate, or a mixture of these buffers. In a preferred embodiment, the buffer 

comprises succinate, e.g., sodium succinate. 

The concentration of the buffer is selected so that pH stabilization as well as sufficient 

5 buffering capacity is provided. In one embodiment, the buffer is present in the formulation at 

a concentration of from about 0.5 to about 100 mmol/L, from about 0.75 to about 50 mmol/L, 

from about 1 to about 20 mmol/L, or from about 10 to about 20 mmol/L. In other 

embodiments, the buffer is present at about 5 mmol/L, at about 10 mmol/L, at about 

15 mmol/L or about 20 mmol/L. In other embodiments, the buffer is present in the 

10 formulation at a concentration of from 0.5 to 100 mmol/L, from 0.75 to 50 mmol/L, from 1 to 

20 mmol/L, or from 10 to 20 mmol/L. In a preferred embodiment, the buffer is present at 

about 10 mmol/L. In another preferred embodiment, the buffer is succinate present at about 

10 mmol/L. 

From the point of view of compatibility of the liquid formulation with intravenous 

15 administration, it would be desirable for the pH of the liquid formation to be as near as 

possible to the physiological pH. Liquid formulations that have a pH that is far from 

physiological pH or that are strongly buffered can cause pain or discomfort when 

administration. As has been discussed, liquid formulations of AMG 416 at physiological pH 

or higher would not remain stable over an extended period of time. Therefore, in a preferred 

20 embodiment, the liquid formulation of the present disclosure is weakly buffered so that the 

quantity injected is quickly neutralized by physiological fluids of the body of the subject. It 

is surprising that good stability and good control of pH is maintained with the low buffer 

concentration. In a preferred embodiment, the HC1 salt of AMG 416 is used in the 

preparation of the liquid formulation to minimize buffer capacity. Because HC1 is a strong 

25 acid, it does not act as a buffer. This provides an advantage over the use of a weaker acid, 

such as an acetic acid. Using the acetate salt of AMG 416, for example, would itself provide 

some buffering capacity and allow less flexibility to set the buffering capacity of the 

formulation and may result in a formulation which is more resistant to neutralization within 

the body and therefore less well tolerated. Because AMG 416 is a polycationic peptide, the 

30 effect would be enhanced compared to most peptides which have a more neutral character. 

It is generally desirable for a formulation to be administered by intravenous or other 

parenteral route to be isotonic with bodily fluids. In some embodiments, the formulation of 

the present disclosure contains a physiologically acceptable tonicity modifier. Tonicity 

modifiers useful in the present disclosure may include sodium chloride, mannitol, sucrose, 
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dextrose, sorbitol, potassium chloride, or mixtures thereof In a preferred embodiment, the 

tonificier is sodium chloride. 

When a tonicity agent is present, it is preferably present in an amount sufficient to 

make the liquid formulation approximately isotonic with bodily fluids (i.e., about 270 to 

5 about 300 mOsm/L) and suitable for parenteral injection into a mammal, such as a human 

subject, into dermal, subcutaneous, or intramuscular tissues or IV. Isotonicity can be 

measured by, for example, using a vapor pressure or ice-freezing type osmometer. 

10 

Depending upon the concentrations of the other components in the formulation, sodium 

chloride is present in the formulation at a concentration of about 7.0 to about 10 mg/mL, 

about 7.5 to about 9.5 mg/mL, or about 8.0 to about 9.0 mg/mL. In a one embodiment, 

sodium chloride is present in the formulation at a concentration of about 8.5 mg/mL. In other 

embodiments, sodium chloride is present in the formulation at a concentration of 7.0 to 10 

mg/mL, 7.5 to 9.5 mg/mL, or 8.0 to 9.0 mg/mL. 

The formulations of the present disclosure may include other conventional 

15 pharmaceutical carriers, excipients or adjuvants. For example, the formulations of the 

present invention may include stabilizing agents (e.g., EDTA and/or sodium thiosulfate) or 

preservatives (e.g., benzyl alcohol). In addition, the formulations of the present disclosure 

may including additional medicinal and/or pharmaceutical agents. For example, in methods 

of treating treat SHPT in hemodialysis patients with CKD-MBD, AMG 416 can be 

20 coadministered with one or more active agents in renal osteodystrophy, such as a vitamin D 

therapy (e.g., paricalcitol) which is an established treatment for SHPT. 

In one embodiment, the formulation has less than 5% degradation when stored at 

about 2-8°C for 1 year. In another embodiment, the formulation has less than 5% 

degradation when stored at room temperature for 1 year. In another embodiment, the 

25 formulation has less than 10% degradation when stored at about 2-8°C for 1 year. In another 

embodiment, the formulation has less than 10% degradation when stored at room temperature 

for 1 year. In another embodiment, the formulation has less than 5% degradation when 

stored at about 2-8°C for 2 years. In another embodiment, the formulation has less than 5% 

degradation when stored at room temperature for 2 years. In another embodiment, the 

30 formulation has less than 10% degradation when stored at about 2-8°C for 2 years. In 

another embodiment, the formulation has less than 10% degradation when stored at room 

temperature for 2 years. 

In one embodiment, the liquid formulation comprises 0.1 mg/mL to 20 mg/mL of the 

therapeutic peptide, a buffer that maintains the formulation at a pH of 2.0 to 5.0, and a 
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subject, into dermal, subcutaneous, or intramuscular tissues or IV. Isotonicity can be 

measured by, for example, using a vapor pressure or ice-freezing type osmometer. 

Depending upon the concentrations of the other components in the formulation, sodium 

chloride is present in the formulation at a concentration of about 7.0 to about 10 mg/mL, 
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embodiments, sodium chloride is present in the formulation at a concentration of 7.0 to 10 

mg/mL, 7.5 to 9.5 mg/mL, or 8.0 to 9.0 mg/mL. 

The formulations of the present disclosure may include other conventional 

15 pharmaceutical carriers, excipients or adjuvants. For example, the formulations of the 

present invention may include stabilizing agents (e.g., EDTA and/or sodium thiosulfate) or 

preservatives (e.g., benzyl alcohol). In addition, the formulations of the present disclosure 

may including additional medicinal and/or pharmaceutical agents. For example, in methods 

of treating treat SHPT in hemodialysis patients with CKD-MBD, AMG 416 can be 

20 coadministered with one or more active agents in renal osteodystrophy, such as a vitamin D 

therapy (e.g., paricalcitol) which is an established treatment for SHPT. 

In one embodiment, the formulation has less than 5% degradation when stored at 

about 2-8°C for 1 year. In another embodiment, the formulation has less than 5% 

degradation when stored at room temperature for 1 year. In another embodiment, the 

25 formulation has less than 10% degradation when stored at about 2-8°C for 1 year. In another 

embodiment, the formulation has less than 10% degradation when stored at room temperature 

for 1 year. In another embodiment, the formulation has less than 5% degradation when 

stored at about 2-8°C for 2 years. In another embodiment, the formulation has less than 5% 

degradation when stored at room temperature for 2 years. In another embodiment, the 

30 formulation has less than 10% degradation when stored at about 2-8°C for 2 years. In 

another embodiment, the formulation has less than 10% degradation when stored at room 

temperature for 2 years. 

In one embodiment, the liquid formulation comprises 0.1 mg/mL to 20 mg/mL of the 

therapeutic peptide, a buffer that maintains the formulation at a pH of 2.0 to 5.0, and a 
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sufficient concentration of sodium chloride for the formulation to be approximately isotonic 

is provided. In another embodiment, the liquid formulation comprises 1 mg/mL to 15 mg/mL 

of the therapeutic peptide, a buffer that maintains the formulation at a pH of 2.5 to 4.5, and a 

sufficient concentration of sodium chloride for the formulation to be approximately isotonic 

5 is provided. In another embodiment, the liquid formulation comprises 2.5 mg/mL to 10 

mg/mL of the therapeutic peptide, a buffer that maintains the formulation at a pH of 2.5 to 

4.0, and a sufficient concentration of sodium chloride for the formulation to be approximately 

isotonic is provided. In another embodiment, the liquid formulation comprises 2.5 mg/mL to 

5 mg/mL of the therapeutic peptide, a buffer that maintains the formulation at a pH of 2.5 to 

10 3.5, and a sufficient concentration of sodium chloride for the formulation to be approximately 

isotonic is provided. In another embodiment, the formulation comprises 2 mg/mL to 20 

mg/mL of the therapeutic peptide in aqueous solution, a succinate buffer that maintains the 

formulation at a pH of about 3.0 to 3.5, and a sufficient concentration of sodium chloride for 

the formulation to be approximately isotonic is provided. 

15 In one embodiment, the liquid formulation comprises 0.1 mg/mL to 20 mg/mL of 

AMG 416, a buffer that maintains the formulation at a pH of 2.0 to 5.0, and a sufficient 

concentration of sodium chloride for the formulation to be approximately isotonic is 

provided. In another embodiment, the liquid formulation comprises 1 mg/mL to 15 mg/mL 

of AMG 416, a buffer that maintains the formulation at a pH of 2.5 to 4.5, and a sufficient 

20 concentration of sodium chloride for the formulation to be approximately isotonic is 

provided. In another embodiment, the liquid formulation comprises 2.5 mg/mL to 10 mg/mL 

of AMG 416, a buffer that maintains the formulation at a pH of 2.5 to 4.0, and a sufficient 

concentration of sodium chloride for the formulation to be approximately isotonic is 

provided. In another embodiment, the liquid formulation comprises 2.5 mg/mL to 5 mg/mL 

25 of AMG 416, a buffer that maintains the formulation at a pH of 2.5 to 3.5, and a sufficient 

concentration of sodium chloride for the formulation to be approximately isotonic is 

provided. In another embodiment, the formulation comprises 2 mg/mL to 20 mg/mL of 

AMG 416 in aqueous solution, a succinate buffer that maintains the formulation at a pH of 

about 3.0 to 3.5, and a sufficient concentration of sodium chloride for the formulation to be 

30 approximately isotonic is provided. 

In a preferred embodiment, the formulations of the present disclosure are prepared by 

placing an amount of buffer calculated to generate the desired pH into a suitable vessel and 

dissolving it with water for injection (WFI), adding an amount of material (e.g., the 

hydrochloride salt of AMG 416) sufficient to achieve the desired concentration of the active 
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sufficient concentration of sodium chloride for the formulation to be approximately isotonic 

is provided. In another embodiment, the liquid formulation comprises 1 mg/mL to 15 mg/mL 

of the therapeutic peptide, a buffer that maintains the formulation at a pH of 2.5 to 4.5, and a 

sufficient concentration of sodium chloride for the formulation to be approximately isotonic 

5 is provided. In another embodiment, the liquid formulation comprises 2.5 mg/mL to 10 

mg/mL of the therapeutic peptide, a buffer that maintains the formulation at a pH of 2.5 to 

4.0, and a sufficient concentration of sodium chloride for the formulation to be approximately 

isotonic is provided. In another embodiment, the liquid formulation comprises 2.5 mg/mL to 

5 mg/mL of the therapeutic peptide, a buffer that maintains the formulation at a pH of 2.5 to 

10 3.5, and a sufficient concentration of sodium chloride for the formulation to be approximately 

isotonic is provided. In another embodiment, the formulation comprises 2 mg/mL to 20 

mg/mL of the therapeutic peptide in aqueous solution, a succinate buffer that maintains the 

formulation at a pH of about 3.0 to 3.5, and a sufficient concentration of sodium chloride for 

the formulation to be approximately isotonic is provided. 

15 In one embodiment, the liquid formulation comprises 0.1 mg/mL to 20 mg/mL of 

AMG 416, a buffer that maintains the formulation at a pH of 2.0 to 5.0, and a sufficient 

concentration of sodium chloride for the formulation to be approximately isotonic is 

provided. In another embodiment, the liquid formulation comprises 1 mg/mL to 15 mg/mL 

of AMG 416, a buffer that maintains the formulation at a pH of 2.5 to 4.5, and a sufficient 

20 concentration of sodium chloride for the formulation to be approximately isotonic is 

provided. In another embodiment, the liquid formulation comprises 2.5 mg/mL to 10 mg/mL 

of AMG 416, a buffer that maintains the formulation at a pH of 2.5 to 4.0, and a sufficient 

concentration of sodium chloride for the formulation to be approximately isotonic is 

provided. In another embodiment, the liquid formulation comprises 2.5 mg/mL to 5 mg/mL 

25 of AMG 416, a buffer that maintains the formulation at a pH of 2.5 to 3.5, and a sufficient 

concentration of sodium chloride for the formulation to be approximately isotonic is 

provided. In another embodiment, the formulation comprises 2 mg/mL to 20 mg/mL of 

AMG 416 in aqueous solution, a succinate buffer that maintains the formulation at a pH of 

about 3.0 to 3.5, and a sufficient concentration of sodium chloride for the formulation to be 

30 approximately isotonic is provided. 

In a preferred embodiment, the formulations of the present disclosure are prepared by 

placing an amount of buffer calculated to generate the desired pH into a suitable vessel and 

dissolving it with water for injection (WFI), adding an amount of material (e.g., the 

hydrochloride salt of AMG 416) sufficient to achieve the desired concentration of the active 

15 



WO 2014/210489 
	

PCT/US2014/044622 

ingredient (e.g., AMG 416), adding an amount of tonicity modifier (or mixture of tonicity 

modifiers) calculated to render the resulting formulation isotonic with body fluids, and 

adding the amount of WFI necessary to bring the total volume to the desired concentration. 

After the ingredients are mixed, the pH is adjusted to about 3.0 to about 3.5, and the 

5 	components are again mixed. 

If an adjustment is required in order to achieve the desired pH range, the pH value 

may be adjusted by means of suitable solutions; with acidic solutions if a reduction of the pH 

value is indicated and with alkaline solution if an increase of pH value is indicated. Non- 

limiting examples of suitable acidic solutions are, e.g., hydrochloric acid, phosphoric acid, 

10 	citric acid and sodium or potassium hydrogen phosphate. Non-limiting examples of suitable 

alkaline solutions are alkali and alkali earth hydroxides, alkali carbonates, alkali acetates, 

alkali citrates and dialkali hydrogen phosphates, e.g., sodium hydroxide, sodium acetate, 

sodium carbonate, sodium citrate, disodium or dipotassium hydrogen phosphate, or ammonia. 

The procedure is typically carried out at a temperature from about 2-8°C to about 

15 	50°C, and at atmospheric pressure. The resulting formulation may then be transferred to unit 

dosage or multi-dosage containers (such as bottles, vials, ampoules or prefilled syringes) for 

storage prior to use. 

The formulations can be prepared and administered as described above. 

Alternatively, the formulations can be administered after dissolving, dispersing, etc. the 

20 	formulation (prepared as described above) in a carrier, such as, for example, an infusion fluid 

or in the blood/fluid returned to the patient during hemodialysis (e.g., during rinse-back). 

or 

The preparation of liquid formulations according to the present disclosure are known, 

will be apparent, to those skilled in the art, for example, see Remington's Pharmaceutical 

Sciences, Mack Publishing Company, Easton, PA, 17th edition, 1985. 

25 

EXAMPLES 

The following examples, including the experiments conducted and the results 

achieved, are provided for illustrative purposes only and are not to be construed as limiting 

the scope of the appended claims. 
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EXAMPLE 1 

Solubility of AMG 416 in Succinate Buffered Saline 

In this study, the solubility of AMG 416 in succinate buffered-saline was investigated. 

AMG 416 HC1 (103 mg powder, 80 mg peptide) was dissolved in 200 ilL of sodium 

5 succinate buffered saline (25 mM succinate, 0.9% saline, pH 4.5). After briefly vortexing, a 

clear solution was obtained with a nominal concentration of 400 mg/mL. Because expansion 

of the solution volume was not determined, the solubility of AMG 416 can be conservatively 

stated as at least 200 mg/mL. Although the maximal solubility was not determined in this 

experiment, AMG 416 is soluble in pH 4.5 succinate buffered saline to concentrations of at 

10 least 200 mg/mL. 

EXAMPLE 2 

Concentration Dependent Stability Study 

In this study, the stability of AMG 416 over a range of concentrations in succinate-

buffered saline (pH 4.5) was investigated. The solution of 200 mg/mL AMG 416 from 

15 Example 1, supra, was diluted further with 200 pt of succinate-buffered saline (pH 4.5) to a 

nominal concentration of 200 mg/mL, which was serially diluted with succinate-buffered 

saline (pH 4.5) to 66, 20, 6.7, 2.2 and 0.67 mg/mL. The samples were kept at room 

temperature (i.e., about 25°C) and aliquots were analyzed by HPLC at intervals up to 29 

days. A second series of AMG 416 samples covering the concentration range 20 to 0.67 

20 mg/mL were incubated at 40°C and analyzed in the same manner. 

The purity at the 29-day time point for samples at room temperature and 40°C is 

provided in Tables 1 and 2, respectively. The results provide a stability profile of AMG 416 

as a function of concentration and temperature. 

Table 1 

25 RT Stability of AMG 416 in 25 mM succinate-buffered saline (pH 4.5) 
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Purity at Time (Days) 

2. 

is 

days, 

1 

to a 4- 

of 

Concentration 
(mg/ml) 

0 	1 	2 	5 	13 	29 

200 

66 
20 
6.7 
2.2 

0.67 

	

99.8 	99.6 	98.4 	96.4 	89.0 	63.8 

	

99.6 	99.4 	99.0 	98.1 	97.7 	91.5 

	

99.6 	99.7 	99.7 	99.6 	99.3 	98.7 

	

99.4 	99.6 	99.5 	99.5 	99.3 	98.9 

	

99.3 	99.2 	99.3 	99.4 	99.3 	99.1 

	

99.4 	99.5 	99.5 	99.7 	99.5 	99.3 

40°C Stability 

Table 2 

of AMG 416 in 25 mM succinate-buffered saline (pH 4.5) 

Purity at Time (Days) 

Concentration 
(mg/ml) 

0 	1 	2 	5 	13 	29 

20 
6.7 
2.2 

0.67 

	

99.6 	99.1 	98.1 	n.d. 	90.5 	72.9 

	

99.4 	99.1 	98.7 	n.d. 	95.2 	90.0 

	

99.3 	99.3 	99.0 	98.4 	97.0 	94.3 

	

99.4 	99.4 	99.3 	99.0 	97.2 	94.4 

was extrapolated 

The time course of AMG 416 degradation as a function of concentration at room 

is shown in Figure 1A. In Figure 1B, the scale is expanded to more clearly 

the degradation pattern at drug concentrations of 20 mg/mL and below. The time 

of AMG 416 degradation as a function of concentration at 40°C is shown in Figure 

show that AMG 416 solution stability is related to concentration in the study range 

mg/mL to 200 mg/mL. The data also shows that AMG 416 solution stability 

to temperature of incubation. 

Table 3 shows predictions of extent of degradation for solutions of various 

of AMG 416 at room temperature, based on extent of degradation at 29 

storage in pH 4.5 SBS. The room temperature 29-day data from Table 

to the stated time period by assuming linear degradation kinetics. Room 

data was extrapolated to 5°C. A 20°C difference was assumed, equivalent 

rate of degradation. Extrapolations were carried out using a simple application 

equation, where at 10°C rise in temperature provides a 2-fold increase in 

rate, assuming the same reaction mechanism and that activation energy for each 

reaction is around 50 kJ/mol. 

Shaded values indicate concentration/storage conditions which have less than 10% 

which may be preferable for a liquid formulation. 
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Purity at Time (Days) 
Concentration 

(ma/ml) 0 1 2 5 13 29 

200 99.8 99.6 98.4 96.4 89.0 63.8 
66 99.6 99.4 99.0 98.1 97.7 91.5 
20 99.6 99.7 99.7 99.6 99.3 98.7 
6.7 99.4 99.6 99.5 99.5 99.3 98.9 
2.2 99.3 99.2 99.3 99.4 99.3 99.1 

0.67 99.4 99.5 99.5 99.7 99.5 99.3 

Table 2 

40°C Stability of AMG 416 in 25 mM succinate-buffered saline (pH 4.5) 

Purity at Time (Days) 
Concentration 

(mq/ml) 0 1 2 5 13 29 

20 99.6 99.1 98.1 n.d. 90.5 72.9 
6.7 99.4 99.1 98.7 n.d. 95.2 90.0 
2.2 99.3 99.3 99.0 98.4 97.0 94.3 

0.67 99.4 99.4 99.3 99.0 97.2 94.4 

5 

The time course of AMG 416 degradation as a function of concentration at room 

temperature is shown in Figure 1 A. In Figure IB, the scale is expanded to more clearly 

illustrate the degradation pattern at drug concentrations of 20 mg/mL and below. The time 

course of AMG 416 degradation as a function of concentration at 40°C is shown in Figure 2. 

10 The data show that AMG 416 solution stability is related to concentration in the study range 

from 0.67 mg/mL to 200 mg/mL. The data also shows that AMG 416 solution stability is 

related to temperature of incubation. 

Table 3 shows predictions of extent of degradation for solutions of various 

concentrations of AMG 416 at room temperature, based on extent of degradation at 29 days, 

15 room temperature storage in pH 4.5 SBS. The room temperature 29-day data from Table 1 

was extrapolated to the stated time period by assuming linear degradation kinetics. Room 

temperature data was extrapolated to 5°C. A 20°C difference was assumed, equivalent to a 4-

fold lower rate of degradation. Extrapolations were carried out using a simple application of 

the Arrhenius equation, where at 10°C rise in temperature provides a 2-fold increase in 

20 reaction rate, assuming the same reaction mechanism and that activation energy for each 

relevant reaction is around 50 kJ/mol. 

Shaded values indicate concentration/storage conditions which have less than 10% 

degradation, which may be preferable for a liquid formulation. 
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Table 3 

	

5 	increase as 

0.67 to 20 

40°C, which 

described, 

degradation 

10 

15 

In 

mg/mL, was 

(257 mg powder) 

	

20 	mg/ml peptide 

divided evenly 

Comparison 

a tool 

mg/mL 

supra). 

than 

Stability Predictions for Velcalcetide AMG 416 Solutions 

temperature 

data 

greater 

from 

at 

extent of 

of 10 

HC1 

10.0 

was 

Predicted extent of degradation at: 

Concentration 
(mg/mL) 2 yr RT 	1 yr RT 	2 yr 5°C 	1 yr 5°C 

66 

20 

6.7 

2.2 

0.67 

>100 	>100 

	

20.9 	10.4 

	

13.9 	7.0 

	

5.2 	2.6 

	

2.7 	1.4 

50.1 

A5.2 	
cy 

3.5 

1.3 

25.0 

2.6 

1.7 

0.7 

3 0.7 

is markedly 

of the data shown in Tables 1 and 2 allows assessment of 

to predict the long-term stability of AMG 416 solutions. The 

is presented in Table 4, infra, and shows acceleration of degradation 

higher than that predicted by Arrhenius (with the assumptions 

This suggests that accelerated stability data will predict a 

will be observed at the actual storage temperature. 

Table 4 

Temperature and Concentration Dependence of 
AMG 416 Degradation in pH 4.5 Solution 

Concentration 
(mg/mL) 

Degradation 
at 29 days, 

RT (%) 

Degradation 
at 29 days, 40 

C (%) 

Acceleration 
RT -> 40C 

(fold) 

Predicted 
acceleration 

(fold) 
20 
6.7 

2.2 

0.67 

0.9 
0.5 

0.2 

0.1 

26.7 
9.4 

5.0 

5.0 

29.7 
18.8 
25.0 

50.0 

4 
4 
4 
4 

EXAMPLE 3 

Stability of Liquid Formulations of AMG 416 over Range of pH 

this study, the stability of liquid formulations of AMG 416, at a concentration 

determined over a range of pH in succinate-buffered saline. AMG 416 

was dissolved in 20 ml of pH 4.5 succinate buffered saline to provide 

concentration (adjusted for peptide content of powder). The solution 

into five 4 mL portions which were adjusted to pH 2, 3, 4, 5 and 6, 
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Table 3 

Stability Predictions for Velcalcetidc AMG 416 Solutions 

Predicted extent of degradation at: 

Concentration 
(mg/mL) 2 yr RT 1 yr RT 2 yr 5°C 1 yr 5°C 

66 >100 >100 50.1 25.0 
20 20.9 10.4 5.2 2.6 
6.7 13.9 7.0 3.5 1.7 
2.2 5.2 2.6 1.3 0.7 

0.67 2.7 1.4 0.7 0.3 

Comparison of the data shown in Tables 1 and 2 allows assessment of temperature 

5 increase as a tool to predict the long-term stability of AMG 416 solutions. The data from 

0.67 to 20 mg/mL is presented in Table 4, infra, and shows acceleration of degradation at 

40°C, which is markedly higher than that predicted by Arrhenius (with the assumptions 

described, supra). This suggests that accelerated stability data will predict a greater extent of 

degradation than will be observed at the actual storage temperature. 

10 Table 4 

Temperature and Concentration Dependence of 
AMG 416 Degradation in pH 4.5 Solution 

Concentration 
(mg/mL) 

Degradation 
at 29 days, 

RT (%) 

Degradation 
at 29 days, 40 

c (%) 

Acceleration 
RT -> 40C 

(fold) 

Predicted 
acceleration 

(fold) 
20 0.9 26.7 29.7 4 
6.7 0.5 9.4 18.8 4 
2.2 0.2 5.0 25.0 4 

0.67 0.1 5.0 50.0 4 

15 EXAMPLE 3 

Stability of Liquid Formulations of AMG 416 over Range of pH 

In this study, the stability of liquid formulations of AMG 416, at a concentration of 10 

mg/mL, was determined over a range of pH in succinate-buffered saline. AMG 416 HC1 

(257 mg powder) was dissolved in 20 ml of pH 4.5 succinate buffered saline to provide 10.0 

20 mg/ml peptide concentration (adjusted for peptide content of powder). The solution was 

divided evenly into five 4 mL portions which were adjusted to pH 2, 3, 4, 5 and 6, 
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5 

10 

15 

20 

25 

respectively, 

portion and 

remaining 1 

4 mL of 2.5 

Samples were 

for HPLC analysis. 

The 

the starting 

function of 

The 

In both the 

degradation 

rapidly with 

major degradant 

degradation 

is predominantly 

The 

can be seen 

set of experiments, 

decreases in 

observed in 

samples incubated 

Based 

were calculated 

in Table 6 and 

with NaOH 

incubated 

mL solution 

mg/mL peptide 

retrieved 

purity at the 

purity value 

pH, temperature 

Purity 

and HC1 as needed. Three 1 mL solutions were aliquoted 

at 2-8°C, room temperature (about 25°C), and 40°C, respectively. 

in each aliquot was diluted with pH 4.5 succinate buffered 

concentration, pH adjusted, and incubated in the same 

according to schedule and diluted with deionized water to 

28 day time point for all samples tested is provided in Table 

was 99.3% for this study). The results provide a stability 

and concentration. 

Table 5 

at 28-Day Time Point for AMG 416 Solutions. 

from each 

The 

saline to 

manner. 

1.0 mg/mL 

5 (note: 

profile as a 

Figure 3. 

most 

that the 

pH, the 

degradation 

4. 	It 

in this 

the 

the 

degradation 

provided 

values 

10 mg/mL 2.5 mg/mL 

2-8°C 	RT 	40°C 2-8°C 	RT 	40°C 
pH 2 
pH 3 
pH 4 
pH 5 
pH 6 

	

99.1 	98.7 	94.0 

	

99.4 	99.1 	98.2 

	

99.4 	98.6 	85.0 

	

99.0 	93.8 	64.4 

	

96.9 	71.8 	53.6 

	

98.9 	98.7 	89.8 

	

99.1 	99.0 	97.2 

	

99.2 	98.9 	92.2 

	

98.9 	96.1 	73.0 

	

97.0 	80.0 	52.9 

time course of AMG 416 degradation as a function of pH is shown in 

10 mg/mL (Figure 3A) and the 2.5 mg/mL (Figure 3B) solutions, the least 

is observed at pH 3. In both solutions, degradation at pH 6 proceeds 

purity approaching 50% by the 29 day point. HPLC analysis showed 

at pH 2 different than that observed at pH greater than 3. At lower 

is predominantly by deamidation by hydrolysis and at higher pH, the 

formation of the homodimer. 

stability profile as a function of pH at the 28 day point is shown in Figure 

again in both the 10 mg/mL (Figure 4A) and 2.5 mg/mL (Figure 4B) that 

the pH of least degradation is approximately 3.0. In addition, 

purity are related to the temperature at all pH levels, with the least degradation 

the samples incubated at 2-8°C, and the most degradation observed in 

at 40°C. 

on the extent of degradation at 28 days, predictions of the extent of 

as described, supra. The predictions for the 10 mg/mL solution are 

the predictions for the 2.5 mg/mL are provided in Table 7. Shaded 
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respectively, with NaOH and HC1 as needed. Three 1 mL solutions were aliquoted from each 

portion and incubated at 2-8°C, room temperature (about 25°C), and 40°C, respectively. The 

remaining 1 mL solution in each aliquot was diluted with pH 4.5 succinate buffered saline to 

4 mL of 2.5 mg/mL peptide concentration, pH adjusted, and incubated in the same manner. 

5 Samples were retrieved according to schedule and diluted with deionized water to 1.0 mg/mL 

for HPLC analysis. 

The purity at the 28 day time point for all samples tested is provided in Table 5 (note: 

the starting purity value was 99.3% for this study). The results provide a stability profile as a 

function of pH, temperature and concentration. 

10 Table 5 

Purity at 28-Day Time Point for AMG 416 Solutions. 

10 mg/mL 2.5 mg/mL 
2-8°C RT 40°C 2-8°C RT 40°C 

pH 2 99.1 98.7 94.0 98.9 98.7 89.8 
pH 3 99.4 99.1 98.2 99.1 99.0 97.2 
pH 4 99.4 98.6 85.0 99.2 98.9 92.2 
pH 5 99.0 93.8 64.4 98.9 96.1 73.0 
pH 6 96.9 71.8 53.6 97.0 80.0 52.9 

The time course of AMG 416 degradation as a function of pH is shown in Figure 3. 

In both the 10 mg/mL (Figure 3 A) and the 2.5 mg/mL (Figure 3B) solutions, the least 

15 degradation is observed at pH 3. In both solutions, degradation at pH 6 proceeds most 

rapidly with purity approaching 50% by the 29 day point. HPLC analysis showed that the 

major degradant at pH 2 different than that observed at pH greater than 3. At lower pH, the 

degradation is predominantly by deamidation by hydrolysis and at higher pH, the degradation 

is predominantly formation of the homodimer. 

20 The stability profile as a function of pH at the 28 day point is shown in Figure 4. It 

can be seen again in both the 10 mg/mL (Figure 4A) and 2.5 mg/mL (Figure 4B) that in this 

set of experiments, the pH of least degradation is approximately 3.0. In addition, the 

decreases in purity are related to the temperature at all pH levels, with the least degradation 

observed in the samples incubated at 2-8°C, and the most degradation observed in the 

25 samples incubated at 40°C. 

Based on the extent of degradation at 28 days, predictions of the extent of degradation 

were calculated as described, supra. The predictions for the 10 mg/mL solution are provided 

in Table 6 and the predictions for the 2.5 mg/mL are provided in Table 7. Shaded values 

20 
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5 

10 

indicate conditions 

liquid formulation. 

the initial data 

These 

temperature 

predicts greater 

mg/mL studies 

temperature 

temperatures, 

degradation. 

10% degradation 

are presented 

extrapolations 

for 2.5 or 

degradation 

(Table 

data, the 2-8°C 

and in fact 

Similarly, 

over 

2-8°C 

which 

Conditions 

Stability 

show less than 10% degradation, and which may be preferred 

where the sample at 28 days show slightly higher 

as 0.0% for all projections. 

suggest less than 10% degradation after 2 years at room 

10 mg/mL solutions at pH 3. In general, higher temperature 

at 2 years than the lower temperature data. Thus, for 

6), while pH 3 is predicted to be less than 10% degradation 

data predicts a lower extent of degradation than the higher 

at 2-8°C, the pH 4 data is also supportive of less than 10% 

at 2.5 mg/mL, a pH range from 2-4 is predicted to have less 

2 years at RT when extrapolated from the 2-8°C data. 

Table 6 

Predictions for AMG 416 10 mg/mL Solutions 
Based on Extent of Degradation at 28 days 

for a 

purity than 

data 

the 10 

from all 

than 

Observed 
degradation 

at 28 days (%) 

Calculated Degradation 

at 360 d 
(%) 

at 1y 
RT (%) 

at 2y 
5°C (%) 

at 2y RT 
(%) 

pH = 3 
pH = 4 
pH = 5 
pH = 6 

-0.2 
-0.1 
0.3 
1.9 

3.8 
0.0 
0.0 
3.5 
23.9 

15.4 
0.0 
0.0 
13.8 
95.7 

	

7.7 	- 

	

, 	0.0 	" 

	

A 	0.0 

	

-' 	6.9 
47.8 

30.7 
. 1 	0.0  

0.0 
27.6 
>100 

RT 

Observed 
degradation 

at 28 days (/o) 

Calculated Degradation 

at 360 d 
(%) 

at 1y 
RT (%) 

at 2y 
5°C (%) 

at 2y RT 
(%) 

pH = 2 
pH = 3 
pH = 4 
pH = 5 
pH = 6 

0.6 
0.2 
0.7 
5.6 

26.9 

8.1 
26 
8.6 
71.4 
>100 

8.1 
2.6 

zr 	8.6 
71.4 
>100 

4.0 
1.3 
4.3 
35.7 
>100 

16.1 
4.1 
17.1 
>100 
>100 

40°C 

Observed 
degradation 

at 28 days (/o) 

Calculated Degradation 

at 360 d 
(%) 

at 1 y 
RT (%) 

at 2y 
5°C (%) 

at 2y RT 
(%) 

pH = 2 
pH = 3 
pH = 4 
pH = 5 
pH = 6 

5.3 
1.1 

14.3 
34.9 
45.1 

68.4 
14.1 
>100 
>100 
>100 

17.1 
: 

45.8 
>100 
>100 

8.6 
1.8 

22.9 
55.9 
72.2 

34.2 
T. 
91.7 
>100 
>100 

15 
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indicate conditions which show less than 10% degradation, and which may be preferred for a 

liquid formulation. Conditions where the sample at 28 days show slightly higher purity than 

the initial data are presented as 0.0% for all projections. 

These extrapolations suggest less than 10% degradation after 2 years at room 

5 temperature for 2.5 or 10 mg/mL solutions at pH 3. In general, higher temperature data 

predicts greater degradation at 2 years than the lower temperature data. Thus, for the 10 

mg/mL studies (Table 6), while pH 3 is predicted to be less than 10% degradation from all 

temperature data, the 2-8°C data predicts a lower extent of degradation than the higher 

temperatures, and in fact at 2-8°C, the pH 4 data is also supportive of less than 10% 

10 degradation. Similarly, at 2.5 mg/mL, a pH range from 2-4 is predicted to have less than 

10% degradation over 2 years at RT when extrapolated from the 2-8°C data. 

Table 6 

Stability Predictions for AMG 416 10 mg/mL Solutions 
Based on Extent of Degradation at 28 days 

2-8°C 

Observed 
degradation 

at 28 days (%) 

Calculated Degradation 

2-8°C 

Observed 
degradation 

at 28 days (%) 
at 360 d 

(%) 
at 1y 

RT (%) 
at 2y 

5°C (%) 
at 2y RT 

(%) 
pH = 2 0.3 3.8 15.4 7.7 30.7 
pH = 3 -0.2 0.0 0.0 0.0 0.0 
pH = 4 -0.1 0.0 0.0 0.0 0.0 
pH = 5 0.3 3.5 13.8 6.9 27.6 

CD H
 

X
 

Q
. 

1.9 23.9 95.7 47.8 >100 

RT 

Observed 
degradation 

at 28 days (%) 

Calculated Degradation 

RT 

Observed 
degradation 

at 28 days (%) 
at 360 d 

(%) 
at 1y 

RT (%) 
at 2y 

5°C (%) 
at 2y RT 

(%) 
pH = 2 0.6 8.1 8,1 4.0 16.1 
pH = 3 0.2 2.6 2.6 1.3 5.1 
pH = 4 0.7 8.6 8.6 4.3 17.1 
pH = 5 5.6 71.4 71.4 35.7 >100 
pH = 6 26.9 >100 >100 >100 >100 

40°C 

Observed 
degradation 

at 28 days (%) 

Calculated Degradation 

40°C 

Observed 
degradation 

at 28 days (%) at 360 d 
(%) 

at 1 y 
RT (%) 

at 2y 
5°C (%) 

at 2y RT 
(%) 

Cs
l 

II X
 

Q
_ 

5.3 68.4 17.1 8.6 34.2 
pH = 3 1.1 14.1 :i 7.0 
pH = 4 14.3 >100 45.8 22.9 91.7 
pH = 5 34.9 >100 >100 55.9 >100 

CO II X
 

Q
_ 

45.1 >100 >100 72.2 >100 
15 
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Table 7 

Stability Predictions for AMG 416 2.5 mg/mL Solutions 
Based on Extent of Degradation at 28 days. 

Table 

Table 4, supra. 

acceleration 

Arrhenius principles. 

2-8°C 

Observed 
degradation 

at 28 days (%) 

Calculated Degradation (%) 

way to 

of 

ly 2-8°C 1y RT 2y 2-8°C 2y RT 

pH = 2 
pH = 3 
pH = 4 
pH = 5 
pH = 6 

0.0 
0.0 
-0.1 
0.2 
0.8 

0.0 
0.0 
0.0 
2.9 
10.7 

0.0 
0.0 
0.0 
11.8 
43.0 

0.0 
0.0 
0.0 
5.9 

21.5 

0.0 
0.0 
0.0 
23.5 
86.0 

RT 

Observed 
degradation 

at 28 days (%) 

Calculated Degradation (%) 

1y 

7.9 
0.0 
3.6 
37.7 

231.0 

1y RT 

7.9 
0.0 
3.6 

37.7 
231.0 

2y 2-8°C 

4.0 
0.0 
1.8 

18.9 
115.5 

2y RT 

pH = 2 
pH = 3 
pH = 4 
pH = 5 
pH = 6 

0.6 
0.0 
0.3 
2.9 
18.1 

15.9 
0.0 
7.2 

75.5 
462.1 

40°C 

Observed 
degradation 

at 28 days (%) 

Calculated Degradation (%) 

1y 1 y RT 2y 2-8°C 2y RT 

pH = 2 
pH = 3 
pH = 4 
pH = 5 
pH = 6 

9.1 
1.8 
6.9 
26.1 
45.0 

116.5 
22.5 
88.7 

333.6 
575.7 

29.1 
5.6 

22.2 
83.4 

143.9 

14.6 
2.8 
11.1 
41.7 
72.0 

58.3 
11.3 
44.3 
166.8 
287.8 

8 presents the temperature acceleration effect for these data in a similar 

This again indicates that temperature elevation tends to provide greater 

of degradation than is expected by extrapolation based on simple application 

Table 8 

Temperature acceleration as a function of pH. 

22 

WO 2014/210489 PCT/US2014/044622 

Table 7 

Stability Predictions for AMG 416 2.5 mg/mL Solutions 
Based on Extent of Degradation at 28 days. 

2-8°C 

Observed 
degradation 

at 28 days (%) 

Calculated Degradation (%) 

2-8°C 

Observed 
degradation 

at 28 days (%) 1y 2-8°C 1y RT 2y 2-8°C 2y RT 

pH = 2 0.0 0.0 0.0 0.0 0.0 
pH = 3 0.0 0.0 0.0 0.0 0.0 
pH = 4 -0.1 0.0 0.0 0.0 0.0 
pH = 5 0.2 2.9 11.8 5.9 23.5 
pH = 6 0.8 10.7 43.0 21.5 86.0 

RT 

pH = 2 
pH = 3 
pH =4 
pH = 5 
pH = 6 

Observed 
degradation 

at 28 days (%) 

0.6 
0.0 
0.3 
2.9 

18.1 

Calculated Degradation (%) 

iy 1y RT 2y 2-8°C 2y RT 

7.9 7.9 4.0 15.9 
0.0 0.0 0.0 0.0 
3.6 3.6 1.8 7.2 
37.7 37.7 18.9 75.5 

231.0 231.0 115.5 462.1 

40°C 

Observed 
degradation 

at 28 days (%) 

Calculated Degradation (%) 

40°C 

Observed 
degradation 

at 28 days (%) 1y 1 y RT 2y 2-8°C 2y RT 

pH = 2 9.1 116.5 29.1 14.6 58.3 

CO II X
 

Q
_ 

1.8 22.5 5.6 2.8 11.3 

"3
" 

II X
 

Q
. 

6.9 88.7 22.2 11.1 44.3 
pH = 5 26.1 333.6 83.4 41.7 166.8 
pH = 6 45.0 575.7 143.9 72.0 287.8 

Table 8 presents the temperature acceleration effect for these data in a similar way to 

Table 4, supra. This again indicates that temperature elevation tends to provide greater 

acceleration of degradation than is expected by extrapolation based on simple application of 

Arrhenius principles. 

Table 8 

Temperature acceleration as a function of pH. 
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data from 

	

5 	acceleration 

described, 

less than 

	

10 	In 

416 in liquid 

solutions 

prepared. 

water separately 

	

15 	six solutions 

same vials 

vials, each 

deionized 

further eighteen 

	

20 	at relevant 

behavior 

formulations 

at pH 3.5 

	

25 	appeared 

(about 25°C), 

temperature 

28 d Deg 10 mg/mL Acceleration: 10 mg/mL data 

to 

at pH 

of AMG 

stock 

were 

of the 

to the 

(or 

a 

analysis 

data 

room 

is compared 

The predicted 

2-8°C RT 40°C 
RT / predic• 
2-8 	ted 

40C / predic• 
2-8 	ted 

40C / predic• 
RT 	ted 

pH 2 
pH 3 
pH 4 
pH 5 
pH 6 

0.2 
-0.1 
-0.1 
0.3 
2.4 

0.6 
0.2 
0.7 
5.6 

27.5 

5.3 
1.1 

14.3 
34.9 
45.7 

3 	4 
>2 	4 
>7 	4 
19 	4 
12 	4 

28 	16 
>10 	16 

>100 	16 
116 	16 
19 	16 

9 	4 
6 	4 

22 	4 
6 	4 
2 	4 

At each pH value, the degradation data 

the other two temperatures to calculate 

is by simple application of Arrhenius 

infra, HPLC analysis shows that 

about 3 is different than that observed 

Effect of Tonicifying 

this study, the effects of various 

formulation were determined. 
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The pH of the AMG 416 solution 

were adjusted to pH 3.5 using 

were added to glass vials and 

and mixed well. This was performed 

containing 5 mg/mL AMG 416 

water). This was repeated with a 

sample vials. The samples 

time points. 

The stability data at the 56-day time 

was observed as a function of excipient. 

showed the least amount of degradation. 

and 4.5. More variability was observed 

to be deleterious in the 40°C samples 

and sodium sulfate appeared 

and at 40°C. 

for each of three temperatures 

the observed acceleration. 

principles as described 

the predominant degradation 

above. As 

mechanism 

3. 

the stability 

416 and 

concentrations 

and deionized 

of each 

was added 

eighteen sample 

of the excipient 

pH 4.5, providing 

for HPLC 

A range of stability 

tested, NaC1 

are for the 2-8°C 

although arginine 

at room temperature 

4.5 samples at 
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at pH greater than about 

4 

Excipients on Stability 

pharmaceutical excipients on 

A 10 mg/mL solution of AMG 

and Na2SO4  at 2x isotonic 

and the five excipient solutions 

HC1/NaOH. 500 [LL aliquots 

500 [IL of the AMG 416 solution 

in triplicate to provided 

and an isotonic concentration 

set of solutions adjusted to 

were incubated and removed 

point is shown in Table 9. 

Under most conditions 

The exceptions 

for other excipients, 

and in the pH 4.5 sample 

to be deleterious in the pH 
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28 d Deg 10 mg/mL Acceleration: 10 mg/mL data 
RT/ predic 40C/ predic 40C / predic 

2-8°C RT 40°C 2-8 ted 2-8 ted RT ted 
pH 2 0.2 0.6 5.3 3 4 28 16 9 4 
pH 3 -0.1 0.2 1.1 >2 4 >10 16 6 4 
pH 4 -0.1 0.7 14.3 >7 4 >100 16 22 4 
pH 5 0.3 5.6 34.9 19 4 116 16 6 4 
pH 6 2.4 27.5 45.7 12 4 19 16 2 4 

At each pH value, the degradation data for each of three temperatures is compared to 

data from the other two temperatures to calculate the observed acceleration. The predicted 

5 acceleration is by simple application of Arrhenius principles as described above. As 

described, infra, HPLC analysis shows that the predominant degradation mechanism at pH 

less than about 3 is different than that observed at pH greater than about 3. 

EXAMPLE 4 

Effect of Tonicifying Excipients on Stability 

10 In this study, the effects of various pharmaceutical excipients on the stability of AMG 

416 in liquid formulation were determined. A 10 mg/mL solution of AMG 416 and stock 

solutions of mannitol, glycine, arginine, NaCl and Na2SC>4 at 2x isotonic concentrations were 

prepared. The pH of the AMG 416 solution and the five excipient solutions and deionized 

water separately were adjusted to pH 3.5 using HCl/NaOH. 500 (iL aliquots of each of the 

15 six solutions were added to glass vials and 500 jiL of the AMG 416 solution was added to the 

same vials and mixed well. This was performed in triplicate to provided eighteen sample 

vials, each containing 5 mg/mL AMG 416 and an isotonic concentration of the excipient (or 

deionized water). This was repeated with a set of solutions adjusted to pH 4.5, providing a 

further eighteen sample vials. The samples were incubated and removed for HPLC analysis 

20 at relevant time points. 

The stability data at the 56-day time point is shown in Table 9. A range of stability 

behavior was observed as a function of excipient. Under most conditions tested, NaCl 

formulations showed the least amount of degradation. The exceptions are for the 2-8°C data 

at pH 3.5 and 4.5. More variability was observed for other excipients, although arginine 

25 appeared to be deleterious in the 40°C samples and in the pH 4.5 sample at room temperature 

(about 25°C), and sodium sulfate appeared to be deleterious in the pH 4.5 samples at room 

temperature and at 40°C. 
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Table 9 

Extent of degradation (%) at 56 days for 5 mg/mL AMG 416 Solution 

similar 

more 

Temp 2-8°C RT 40°C 
pH 3.5 4.5 3.5 4.5 3.5 4.5 

DI Water 

Mannitol 

Gly 

Arg 
NaCI 
Na2SO4  

p
  
0
  

C
D

  
p

  p
  

o
  

0
0
0
0
  

0.7 

0.5 

0.6 

0.5 

1.1 
0.4 

1.0 

0.5 

0.6 

0.6 

0.3 
0.4 

3.6 

2.2 

6.4 

29 

1.8 
51 

8.2 

4.9 

17 

28 

3.0 
9.4 

24 

23 

28 

67 

18 
30 

rapid degradation 

Table 10 extrapolates the data to 2 years at room temperature storage, and a 

seen as discussed, supra, in that higher temperature storage generally predicts 

than is expected by simple application of Arrhenius principles. 

Table 10 

Predicted extent of degradation (%) for 5 mg/mL AMG 416 Solutions 
After 2 Year Storage at Room Temperature. 

Temp 2-8°C RT 40°C 

pH 3.5 4.5 3.5 4.5 3.5 4.5 

DI Water 
Mannitol 
Gly 
Arg 
NaCI 
Na2SO4  

1 
0 

3 

4 
2 

35 
28 

31 

27 

, 	56 

22 

13 

j 	8 	s  
7 
4 

5 

47 

28 
83 

>100 
24 

>100 

27 
16 
55 

90 
 , 

31 

77 
75 

90 

>100 
58 

98 

In 

The data shows that sodium chloride may be a suitable tonicity modifier for AMG 

formulations. 

EXAMPLE 5 

Solution Stability in Different Buffers 

this study, the stability of liquid formulations of AMG 416 was evaluated in four 

buffers over 9 days. Buffered saline solutions were prepared at 25 mM 

pH 4.5, for four different anionic buffers in the sodium salt form: acetate, 

and succinate. AMG 416 HC1 (powder) was dissolved in each buffered 

to provide a 2.5 mg/mL solution and the pH was adjusted to 4.5 with HC1/NaOH. 

were diluted further with pH 4.5 buffer to 1.0 mg/mL and 0.25 mg/mL. Each 
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Table 9 

Extent of degradation (%) at 56 days for 5 mg/mL AMG 416 Solution 
Temp 2-1 rc RT 40°C 

PH 3.5 4.5 3.5 4.5 3.5 4.5 
Dl Water 0.0 0.7 1.0 3.6 8.2 24 
Mannitol 0.0 0.5 0.5 2.2 4.9 23 
Gly 0.0 0.6 0.6 6.4 17 28 
Arg 0.0 0.5 0.6 29 28 67 
NaCl 0.1 1.1 0.3 1.8 3.0 18 
Na2S04 0.0 0.4 0.4 51 9.4 30 

5 Table 10 extrapolates the data to 2 years at room temperature storage, and a similar 

trend is seen as discussed, supra, in that higher temperature storage generally predicts more 

rapid degradation than is expected by simple application of Arrhenius principles. 

Table 10 

10 Predicted extent of degradation (%) for 5 mg/mL AMG 416 Solutions 
After 2 Year Storage at Room Temperature. 

Temp 2-8°C R1 40°C 
pH 3.5 4.5 3.5 4.5 3.5 4.5 

Dl Water 1 35 13 47 27 77 
Mannitol 0 28 7 28 16 75 
Gly 3 31 8 83 55 90 
Arg 2 27 7 >100 90 >100 
NaCl 4 56 4 24 10 58 
Na2S04 2 22 5 >100 31 98 

The data shows that sodium chloride may be a suitable tonicity modifier for AMG 

416 solution formulations. 

15 EXAMPLE 5 

Solution Stability in Different Buffers 

In this study, the stability of liquid formulations of AMG 416 was evaluated in four 

different buffers over 9 days. Buffered saline solutions were prepared at 25 mM 

concentration, pH 4.5, for four different anionic buffers in the sodium salt form: acetate, 

20 citrate, lactate and succinate. AMG 416 HC1 (powder) was dissolved in each buffered 

solution to provide a 2.5 mg/mL solution and the pH was adjusted to 4.5 with HCl/NaOH. 

The solutions were diluted further with pH 4.5 buffer to 1.0 mg/mL and 0.25 mg/mL. Each 
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of the resulting solutions was split to two glass HPLC vials, one stored at 2-8°C and one at 

room temperature (about 25°C). HPLC analysis was conducted at 0, 4 and 9 days for 

determination of potency and purity. 

The purity of AMG 416 in most samples at all time points was 100%, with the 

5 exception of a few small peaks for the citrate sample at 9 days which may be attributed to 

baseline variation. In all buffers tested, AMG 416 showed good stability during the 9 day 

study. 

EXAMPLE 6 

Stability in Buffered Solutions at pH 2.25, 2.5 3.0 and 3.5 

10 In this study, the stability of a liquid formulation of AMG 416 under low pH 

conditions was investigated. Succinate-buffered saline (10 mM, pH 3.5) was prepared by 

dissolving 59 mg of succinic acid in 45 ml of lab processed (deionized) water and adjusting 

the pH to 3.5 using 1N HC1 and 1N NaOH as needed, and q.s. to 50 ml. In the same way, a 

10 mM, pH 3.5 sodium lactate (56 mg/50 mL) buffer solution was prepared. 

15 AMG 416 HC1 (128 mg powder) was dissolved in 20 mL of succinate buffer to 

provide a 5 mg/mL AMG 416 solution which was split into two equal 10 mL portions. NaCl 

(90 mg) was added to one portion and mannitol (500 mg) was added to the other. Each 10 

mL portion was split again into two equal 5 mL portions and the pH was adjusted to 2.25 and 

3.5, respectively, with IN HC1 and IN NaOH. In the same way, four 5 mL solutions were 

20 prepared using lactate buffer. 1.0 mL of each of the (eight) resulting solutions was added to 3 

serum sample vials. In addition, the remaining pH 2.25, succinate-buffered AMG 416 

solution containing NaCl was adjusted to pH 2.5 and 0.5 mL aliquots were added to 3 serum 

sample vials and the remaining pH 3.5 succinate buffered solution with NaC1 was adjusted to 

pH 3.0 and 0.5 mL aliquots were added to 3 serum sample vials. See Table 11. 

25 At each time point (0, 2, 8, 12 and 24 weeks) all 30 samples were retrieved from 

storage, equilibrated to room temperature (about 25°C), and a 100 i.iL aliquot was diluted to 

0.5 mg/mL with water for RP-HPLC analysis. The remaining samples were resealed and 

returned to their respective storage conditions. 

25 
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of the resulting solutions was split to two glass HPLC vials, one stored at 2-8°C and one at 

room temperature (about 25°C). HPLC analysis was conducted at 0, 4 and 9 days for 

determination of potency and purity. 

The purity of AMG 416 in most samples at all time points was 100%, with the 

5 exception of a few small peaks for the citrate sample at 9 days which may be attributed to 

baseline variation. In all buffers tested, AMG 416 showed good stability during the 9 day 
study. 

EXAMPLE 6 

Stability in Buffered Solutions at pH 2.25, 2.5 3.0 and 3.5 

10 In this study, the stability of a liquid formulation of AMG 416 under low pH 

conditions was investigated. Succinate-buffered saline (10 mM, pH 3.5) was prepared by 

dissolving 59 mg of succinic acid in 45 ml of lab processed (deionized) water and adjusting 

the pH to 3.5 using IN HC1 and IN NaOH as needed, and q.s. to 50 ml. In the same way, a 

10 mM, pH 3.5 sodium lactate (56 mg/50 mL) buffer solution was prepared. 

15 AMG 416 HC1 (128 mg powder) was dissolved in 20 mL of succinate buffer to 

provide a 5 mg/mL AMG 416 solution which was split into two equal 10 mL portions. NaCl 

(90 mg) was added to one portion and mannitol (500 mg) was added to the other. Each 10 

mL portion was split again into two equal 5 mL portions and the pH was adjusted to 2.25 and 

3.5, respectively, with IN HC1 and IN NaOH. In the same way, four 5 mL solutions were 

20 prepared using lactate buffer. 1.0 mL of each of the (eight) resulting solutions was added to 3 

serum sample vials. In addition, the remaining pH 2.25, succinate-buffered AMG 416 

solution containing NaCl was adjusted to pH 2.5 and 0.5 mL aliquots were added to 3 serum 

sample vials and the remaining pH 3.5 succinate buffered solution with NaCl was adjusted to 

pH 3.0 and 0.5 mL aliquots were added to 3 serum sample vials. See Table 11. 

25 At each time point (0, 2, 8, 12 and 24 weeks) all 30 samples were retrieved from 

storage, equilibrated to room temperature (about 25 °C), and a 100 |_iL aliquot was diluted to 

0.5 mg/mL with water for RP-HPLC analysis. The remaining samples were resealed and 

returned to their respective storage conditions. 
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Table 11 

5 	trace shown 

purity). 

effect 

mg/mL, 

in the 

10 

mannitol). 

sample 

Description of Sample Numbers 

As 

for 

pH 2.25 3.5 2.5 3.0 

Buffer Lactate Succinate Lactate Succinate Succinate 

Excipient NaCI Mann NaCI Mann NaCI Mann NaCI Mann NaCI NaCI 

2-8°C 1 2 3 4 5 6 7 8 25 28 

RT 9 10 11 12 13 14 15 16 26 29 

40°C 17 18 19 20 21 22 23 24 27 30 

concentration: 

Representative HPLC data for the study are shown in Figures 5 and 6. The HPLC 

in Figure 5 is a pH 2.25 sample stored for 67 days at 40°C (5 mg/mL, 87.8% 

Figure 5B shows a different scale to see at the impurities. Figure 6 illustrates the 

of increasing pH to 3.5 for the otherwise equivalent formulation (pH 3.5, 40°C, 5 

67 days, 91.7% purity). Figure 6B shows a different scale to see the impurities. 

prior study, a notable difference is seen in the degradant profile as pH changes. 

AMG 416 purity as a function of time is presented in Table 12 (10 mM buffer 

L = lactate; S = succinate. tonicity modifier: N = 0.9% NaCI; M = 5% 

Note that the lot used contained 3.4% dimer at time 0. The 14 day time point 

26 was omitted due to an error in sample preparation. 

Selected data trends are represented in graphical form in Figures 7-9. 

15 
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Table 11 

Description of Sample Numbers 

PH 2.25 3.5 2.5 3.0 
Buffer Lactate Succinate Lactate Succinate Succinate 
Excipient NaCl Mann NaCl Mann NaCl Mann NaCl Mann NaCl NaCl 
2-8°C 1 2 3 4 5 6 7 8 25 28 
RT 9 10 11 12 13 14 15 16 26 29 
40°C 17 18 19 20 21 22 23 24 27 30 

Representative HPLC data for the study are shown in Figures 5 and 6. The HPLC 

5 trace shown in Figure 5 is a pH 2.25 sample stored for 67 days at 40°C (5 mg/mL, 87.8% 

purity). Figure 5B shows a different scale to see at the impurities. Figure 6 illustrates the 

effect of increasing pH to 3.5 for the otherwise equivalent formulation (pH 3.5, 40°C, 5 

mg/mL, 67 days, 91.7% purity). Figure 6B shows a different scale to see the impurities. As 

in the prior study, a notable difference is seen in the degradant profile as pH changes. 

10 AMG 416 purity as a function of time is presented in Table 12 (10 mM buffer 

concentration: L = lactate; S = succinate, tonicity modifier: N = 0.9% NaCl; M = 5% 

mannitol). Note that the lot used contained 3.4% dimer at time 0. The 14 day time point for 

sample 26 was omitted due to an error in sample preparation. 

Selected data trends are represented in graphical form in Figures 7-9. 

15 

26 
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Table 12 

Stability of AMG 416 Solution at 5 mg/mL to 67 days in Buffered Solution 

Purity (%) at Time (Days) 

Sample pH Temp Buffer Tonic. 0 14 27 49 67 

1 2.25 5 L N 96.8 96.4 97.0 95.7 95.7 
2 2.25 5 L M 96.8 96.4 95.9 96.0 95.7 
3 2.25 5 S N 95.6 95.1 95.1 94.6 93.8 
4 2.25 5 S M 95.4 95.1 95.4 94.0 94.0 
5 3.5 5 L N 96.9 96.6 96.4 95.8 96.2 
6 3.5 5 L M 96.8 96.9 96.9 96.0 94.5 
7 3.5 5 S N 95.3 95.7 95.5 95.0 95.0 
8 3.5 5 S M 95.4 95.2 95.1 95.1 94.4 
9 2.25 25 L N 96.9 96.4 95.2 94.0 92.8 
10 2.25 25 L M 96.9 96.6 95.6 93.2 94.9 
11 2.25 25 S N 95.3 94.2 93.9 91.7 90.6 
12 2.25 25 S M 95.6 94.5 94.1 92.5 92.1 
13 3.5 25 L N 96.6 96.3 96.3 94.7 95.2 
14 3.5 25 L M 96.5 96.2 95.3 94.8 93.3 
15 3.5 25 S N 95.3 95.1 94.8 93.4 93.3 
16 3.5 25 S M 95.8 95.3 94.7 93.5 93.6 
17 2.25 40 L N 96.7 91.9 87.8 83.5 79.4 
18 2.25 40 L M 96.5 93.8 89.5 86.6 83.0 
19 2.25 40 S N 95.3 89.9 86.9 80.4 76.3 
20 2.25 40 S M 95.4 91.8 89.6 85.3 82.9 
21 3.5 40 L N 96.7 94.3 91.7 89.5 86.2 
22 3.5 40 L M 96.6 92.2 85.9 79.5 77.3 
23 3.5 40 S N 95.3 92.3 89.3 86.8 84.2 
24 3.5 40 S M 95.6 91.6 88.5 84.2 80.3 
25 2.5 5 S N 95.4 94.9 95.2 94.8 94.4 
26 2.5 25 S N 95.2 ND 94.5 93.2 93.2 
27 2.5 40 S N 95.3 92.3 90.3 85.0 82.4 
28 3.0 5 S N 95.4 95.4 94.9 94.7 94.9 
29 3.0 25 S N 95.6 94.9 95.0 93.9 94.2 
30 3.0 40 S N 95.3 92.5 90.0 86.9 85.2 

Figure 7 provides solution stability of AMG 416 (5 mg/mL) in succinate-buffered 

5 	saline as a function of pH under refrigerated conditions (2-8°C). Figure 8 provides solution 

stability of AMG 416 (5 mg/mL) in succinate-buffered saline as a function of pH after 

storage at room temperature. Figure 9, provide solution stability of AMG 416 (5 mg/mL) in 

succinate-buffered saline as a function of pH after storage at 40°C. 

The degradant profile at the latest time point is presented in Table 13, and the time 

10 	course of appearance of the two major degradants (C-terminal deamidation and homodimer 

formation) is shown in Tables 14 and 15. Figures 10 and 11 present the time course of 

degradation to these individual products (C-terminal deamidation and homodimer formation, 

27 
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Table 12 
Stability of AMG 416 Solution at 5 mg/mL to 67 days in Buffered Solution 

Purity (%) at Time (Days) 

Sample PH Temp Buffer Tonic. 0 14 27 49 67 

1 2.25 5 L N 96.8 96.4 97.0 95.7 95.7 
2 2.25 5 L M 96.8 96.4 95.9 96.0 95.7 
3 2.25 5 S N 95.6 95.1 95.1 94.6 93.8 
4 2.25 5 S M 95.4 95.1 95.4 94.0 94.0 
5 3.5 5 L N 96.9 96.6 96.4 95.8 96.2 
6 3.5 5 L M 96.8 96.9 96.9 96.0 94.5 
7 3.5 5 S N 95.3 95.7 95.5 95.0 95.0 
8 3.5 5 S M 95.4 95.2 95.1 95.1 94.4 
9 2.25 25 L N 96.9 96.4 95.2 94.0 92.8 

10 2.25 25 L M 96.9 96.6 95.6 93.2 94.9 
11 2.25 25 S N 95.3 94.2 93.9 91.7 90.6 
12 2.25 25 S M 95.6 94.5 94.1 92.5 92.1 
13 3.5 25 L N 96.6 96.3 96.3 94.7 95.2 
14 3.5 25 L M 96.5 96.2 95.3 94.8 93.3 
15 3.5 25 S N 95.3 95.1 94.8 93.4 93.3 
16 3.5 25 S M 95.8 95.3 94.7 93.5 93.6 
17 2.25 40 L N 96.7 91.9 87.8 83.5 79.4 
18 2.25 40 L M 96.5 93.8 89.5 86.6 83.0 
19 2.25 40 S N 95.3 89.9 86.9 80.4 76.3 
20 2.25 40 S M 95.4 91.8 89.6 85.3 82.9 
21 3.5 40 L N 96.7 94.3 91.7 89.5 86.2 
22 3.5 40 L M 96.6 92.2 85.9 79.5 77.3 
23 3.5 40 S N 95.3 92.3 89.3 86.8 84.2 
24 3.5 40 S M 95.6 91.6 88.5 84.2 80.3 
25 2.5 5 S N 95.4 94.9 95.2 94.8 94.4 
26 2.5 25 S N 95.2 ND 94.5 93.2 93.2 
27 2.5 40 S N 95.3 92.3 90.3 85.0 82.4 
28 3.0 5 S N 95.4 95.4 94.9 94.7 94.9 
29 3.0 25 S N 95.6 94.9 95.0 93.9 94.2 
30 3.0 40 S N 95.3 92.5 90.0 86.9 85.2 

Figure 7 provides solution stability of AMG 416 (5 mg/mL) in succinate-buffered 

5 saline as a function of pH under refrigerated conditions (2-8°C). Figure 8 provides solution 

stability of AMG 416 (5 mg/mL) in succinate-buffered saline as a function of pH after 

storage at room temperature. Figure 9, provide solution stability of AMG 416 (5 mg/mL) in 

succinate-buffered saline as a function of pH after storage at 40°C. 

The degradant profile at the latest time point is presented in Table 13, and the time 

10 course of appearance of the two major degradants (C-terminal deamidation and homodimer 

formation) is shown in Tables 14 and 15. Figures 10 and 11 present the time course of 

degradation to these individual products (C-terminal deamidation and homodimer formation, 
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respectively) as a function of pH for selected formulations (those formulations for which a 

complete set of pH conditions are available, i.e., those containing NaC1 and succinate, but not 

lactate or mannitol). 

Figure 10 indicates a clear pH dependency for deamidation, with significantly greater 

5 degradation by this pathway at pH 2.25 than at higher pH, and a direct correspondence 

between pH and amount of deamidation. In contrast, homodimer formation presented in 

Figure 11 shows the opposite relationship between pH and extent of degradation. These 

opposing trends underlie the overall stability data presented in Figures 7-9, and Maximal 

stability for AMG 416 solutions in this set of experiments was observed at pH of 3.0 ± 0.5. 

10 The correlation between stability and excipient composition is less clear. Regarding 

the buffer selection (succinate vs. lactate), inspection of the data in Tables 12-14 shows no 

clear pattern of preference for either buffer with respect to any of the major degradants at pH 

2.25 or 3.5. All samples with succinate buffer showed lower purity at time 0 than the 

corresponding lactate-buffered samples, due to the larger integration of the homodimer peak. 

15 The reason for this is unclear, but may indicate a change in the relative absorbance for the 

parent and dimer as a function of buffer. However, as noted above, subsequent incubation 

provides essentially identical rate of degradation in the presence of either buffer. Regarding 

the choice of tonicity modifier (NaCl or mannitol), sodium chloride appears to enhance the 

rate of deamidation at pH 2.25 (see Table 13, samples 9-12 at 25°C and especially samples 

20 17-20 at 40°C). However, NaC1 appears to suppress (compared to mannitol) the degradation 

to the homodimer at pH 3.5 (Table 14, samples 13-16 at 25°C and especially samples 21-24 

at 40°C). 
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respectively) as a function of pH for selected formulations (those formulations for which a 

complete set of pH conditions are available, i.e., those containing NaCl and succinate, but not 

lactate or mannitol). 

Figure 10 indicates a clear pH dependency for deamidation, with significantly greater 

5 degradation by this pathway at pH 2.25 than at higher pH, and a direct correspondence 

between pH and amount of deamidation. In contrast, homodimer formation presented in 

Figure 11 shows the opposite relationship between pH and extent of degradation. These 

opposing trends underlie the overall stability data presented in Figures 7-9, and Maximal 

stability for AMG 416 solutions in this set of experiments was observed at pH of 3.0 ± 0.5. 

10 The correlation between stability and excipient composition is less clear. Regarding 

the buffer selection (succinate vs. lactate), inspection of the data in Tables 12-14 shows no 

clear pattern of preference for either buffer with respect to any of the major degradants at pH 

2.25 or 3.5. All samples with succinate buffer showed lower purity at time 0 than the 

corresponding lactate-buffered samples, due to the larger integration of the homodimer peak. 

15 The reason for this is unclear, but may indicate a change in the relative absorbance for the 

parent and dimer as a function of buffer. However, as noted above, subsequent incubation 

provides essentially identical rate of degradation in the presence of either buffer. Regarding 

the choice of tonicity modifier (NaCl or mannitol), sodium chloride appears to enhance the 

rate of deamidation at pH 2.25 (see Table 13, samples 9-12 at 25°C and especially samples 

20 17-20 at 40°C). However, NaCl appears to suppress (compared to mannitol) the degradation 

to the homodimer at pH 3.5 (Table 14, samples 13-16 at 25°C and especially samples 21-24 

at 40°C). 
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Table 13 

Degradant Profile for AMG 416 (5mg/mL) Solution after 67 Days 

Major Impurities (% total area) 

t=67 Days Acid Dimer 
Dimer 

Trisulfide Deacetyl Trisulfide 

pH Temp Buffer Tonic. 8.1 mins 9.3 mins 9.5 7.4 mins 8.2 mins 
2.25 5 L N 0.8 0.4 
2.25 5 L M 0.5 0.6 
2.25 5 S N 0.8 0.8 
2.25 5 S M 1.1 0.1 
3.5 5 L N 0.1 
3.5 5 L M 1.2 1.6 
3.5 5 S N 0.2 0.1 
3.5 5 S M 0.7 -0.1 

2.25 25 L N 2.5 0.3 0.3 0.9 
2.25 25 L M 1.2 0.4 0.3 
2.25 25 S N 3.1 0.4 0.4 
2.25 25 S M 1.6 0.9 
3.5 25 L N 1.4 
3.5 25 L M 3.1 
3.5 25 S N 0.2 1.8 
3.5 25 S M 2.1 0.1 

2.25 40 L N 13.9 0.4 0.7 2.9 
2.25 40 L M 8.7 1.6 0.6 2.0 0.3 
2.25 40 S N 14.2 0.0 0.2 3.1 
2.25 40 S M 8.9 2.4 0.6 2.5 0.3 
3.5 40 L N 1.4 7.4 1.0 0.7 
3.5 40 L M 0.5 17.0 0.5 1.0 
3.5 40 S N 1.0 8.1 0.6 0.1 0.6 
3.5 40 S M 1.0 11.7 0.7 1.3 
2.5 5 S N 0.5 0.5 
2.5 25 S N 1.5 0.2 0.4 
2.5 40 S N 8.4 1.1 0.4 1.9 
3.0 5 S N 0.2 0.4 
3.0 25 S N 1.3 0.1 
3.0 40 S N 2.4 5.5 0.6 0.6 0.5 

10 mM buffer concentration: L = Lactate; S = succinate. Tonicity modifier: N = 0.9% NaC1; 

M = 5% mannitol). Value for dimer % reflects increase in degradant after subtracting starting 

value. 
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Table 13 

Degradant Profile for AMG 416 (5mg/mL) Solution after 67 Days 

Major Im purities (% total area) 

t=67 Days Acid Dimer Dimer 
Trisulfide Deacetyl Trisulfide 

PH Temp Buffer Tonic. 8.1 mins 9.3 mins 9.5 7.4 mins 8.2 mins 
2.25 5 L N 0.8 0.4 
2.25 5 L M 0.5 0.6 
2.25 5 S N 0.8 0.8 
2.25 5 S M 1.1 0.1 
3.5 5 L N 0.1 
3.5 5 L M 1.2 1.6 
3.5 5 S N 0.2 0.1 
3.5 5 S M 0.7 -0.1 

2.25 25 L N 2.5 0.3 0.3 0.9 
2.25 25 L M 1.2 0.4 0.3 
2.25 25 S N 3.1 0.4 0.4 
2.25 25 S M 1.6 0.9 
3.5 25 L N 1.4 
3.5 25 L M 3.1 
3.5 25 S N 0.2 1.8 
3.5 25 S M 2.1 0.1 

2.25 40 L N 13.9 0.4 0.7 2.9 
2.25 40 L M 8.7 1.6 0.6 2.0 0.3 
2.25 40 S N 14.2 0.0 0.2 3.1 
2.25 40 S M 8.9 2.4 0.6 2.5 0.3 
3.5 40 L N 1.4 7.4 1.0 0.7 
3.5 40 L M 0.5 17.0 0.5 1.0 
3.5 40 S N 1.0 8.1 0.6 0.1 0.6 
3.5 40 S M 1.0 11.7 0.7 1.3 
2.5 5 S N 0.5 0.5 
2.5 25 S N 1.5 0.2 0.4 
2.5 40 S N 8.4 1.1 0.4 1.9 
3.0 5 S N 0.2 0.4 
3.0 25 S N 1.3 0.1 
3.0 40 S N 2.4 5.5 0.6 0.6 0.5 

10 mM buffer concentration: L = Lactate; S = succinate. Tonicity modifier: N = 0.9% NaCl; 

5 M = 5% mannitol). Value for dimer % reflects increase in degradant after subtracting starting 

value. 
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Table 14 

Deamidation in AMG 416 (5mg/mL) Solution at Time Points up to 67 Days 

% Degradant at Time (Days) 
Sample pH Temp Buffer Tonic. 0 14 27 49 67 

1 2.25 5 L N 0.1 0.7 0.8 
2 2.25 5 L M 0.9 0.8 0.5 
3 2.25 5 S N 0.4 0.8 0.8 
4 2.25 5 S M 0.3 1.1 
5 3.5 5 L N 0.3 0.4 
6 3.5 5 L M 1.2 
7 3.5 5 S N 0.2 
8 3.5 5 S M 0.7 
9 2.25 25 L N 1.3 1.6 2.5 
10 2.25 25 L M 1.2 1.2 1.2 
11 2.25 25 S N 1.1 1.4 2.0 3.1 
12 2.25 25 S M 0.7 1.0 1.3 1.6 
13 3.5 25 L N 
14 3.5 25 L M 
15 3.5 25 S N 0.2 
16 3.5 25 S M 
17 2.25 40 L N 3.4 6.6 10.2 13.9 
18 2.25 40 L M 2.5 4.8 7.0 8.7 
19 2.25 40 S N 3.9 6.6 11.0 14.2 
20 2.25 40 S M 2.3 4.2 6.4 8.9 
21 3.5 40 L N 0.9 0.9 1.4 
22 3.5 40 L M 0.5 0.6 0.5 
23 3.5 40 S N 1.0 1.0 1.0 
24 3.5 40 S M 0.4 0.3 1.0 
25 2.5 5 S N 0.5 
26 2.5 25 S N 0.7 1.3 1.5 
27 2.5 40 S N 2.0 3.3 6.7 8.4 
28 3.0 5 S N 
29 3.0 25 S N 0.3 
30 3.0 40 S N 1.0 2.2 2.4 

10 mM buffer concentration: L = Lactate; S = succinate. Tonicity modifier: N = 0.9% NaCl; 

5 	M = 5% mannitol). 

Maximal stability for AMG 416 solutions in this set of experiments was observed at 

pH of 3.0 ± 0.5. The rate of total degradation at pH 2.5 and 3.5 is similar, but the degradant 

profile is different. Stability at pH 2.25 is inferior due to the greater quantities of 

deamidation observed. While some effect of excipient can be observed on the stability 

10 	profile, the data does not indicate an overall preference among the excipient systems studied, 

when formulated at pH 3.0. 
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Table 14 

Deamidation in AMG 416 (5mg/mL) Solution at Time Points up to 67 Days 

% Degradant at Time (Days) 
Sample PH Temp Buffer Tonic. 0 14 27 49 67 

1 2.25 5 L N 0.1 0.7 0.8 
2 2.25 5 L M 0.9 0.8 0.5 
3 2.25 5 S N 0.4 0.8 0.8 
4 2.25 5 S M 0.3 1.1 
5 3.5 5 L N 0.3 0.4 
6 3.5 5 L M 1.2 
7 3.5 5 S N 0.2 
8 3.5 5 S M 0.7 
9 2.25 25 L N 1.3 1.6 2.5 
10 2.25 25 L M 1.2 1.2 1.2 
11 2.25 25 S N 1.1 1.4 2.0 3.1 
12 2.25 25 S M 0.7 1.0 1.3 1.6 
13 3.5 25 L N 
14 3.5 25 L M 
15 3.5 25 S N 0.2 
16 3.5 25 S M 
17 2.25 40 L N 3.4 6.6 10.2 13.9 
18 2.25 40 L M 2.5 4.8 7.0 8.7 
19 2.25 40 S N 3.9 6.6 11.0 14.2 
20 2.25 40 S M 2.3 4.2 6.4 8.9 
21 3.5 40 L N 0.9 0.9 1.4 
22 3.5 40 L M 0.5 0.6 0.5 
23 3.5 40 S N 1.0 1.0 1.0 
24 3.5 40 S M 0.4 0.3 1.0 
25 2.5 5 S N 0.5 
26 2.5 25 S N 0.7 1.3 1.5 
27 2.5 40 S N 2.0 3.3 6.7 8.4 
28 3.0 5 S N 
29 3.0 25 S N 0.3 
30 3.0 40 S N 1.0 2.2 2.4 

10 mM buffer concentration: L = Lactate; S = succinate. Tonicity modifier: N = 0.9% NaCl; 

5 M = 5% mannitol). 

Maximal stability for AMG 416 solutions in this set of experiments was observed at 

pH of 3.0 ± 0.5. The rate of total degradation at pH 2.5 and 3.5 is similar, but the degradant 

profile is different. Stability at pH 2.25 is inferior due to the greater quantities of 

deamidation observed. While some effect of excipient can be observed on the stability 

10 profile, the data does not indicate an overall preference among the excipient systems studied, 

when formulated at pH 3.0. 
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Table 15 

AMG 416 Degradation to Homodimer in 5mg/mL Solution at Time Points up to 67 Days 

Dimer (% Increase) 
Sample pH Temp Buffer Tonic. 0 14 27 49 67 

1 2.25 5 L N 0.0 0.5 -0.1 0.5 0.4 
2 2.25 5 L M 0.0 0.4 0.0 0.0 0.6 
3 2.25 5 S N 0.0 0.5 0.1 0.1 0.8 
4 2.25 5 S M 0.0 0.3 0.0 0.2 0.1 
5 3.5 5 L N 0.0 0.2 0.1 0.2 0.1 
6 3.5 5 L M 0.0 -0.1 0.0 0.2 1.6 
7 3.5 5 S N 0.0 -0.4 -0.2 0.0 0.1 
8 3.5 5 S M 0.0 0.2 0.1 -0.1 -0.1 
9 2.25 25 L N 0.0 0.5 0.4 0.5 0.3 

10 2.25 25 L M 0.0 0.3 0.1 0.5 0.4 
11 2.25 25 S N 0.0 -0.1 0.0 0.0 0.4 
12 2.25 25 S M 0.0 0.5 0.5 0.2 0.9 
13 3.5 25 L N 0.0 0.3 0.3 0.9 1.4 
14 3.5 25 L M 0.0 0.4 0.3 1.5 3.1 
15 3.5 25 S N 0.0 0.2 0.5 1.1 1.8 
16 3.5 25 S M 0.0 0.5 1.0 1.4 2.1 
17 2.25 40 L N 0.0 0.6 0.8 0.5 0.4 
18 2.25 40 L M 0.0 0.0 0.3 0.6 1.6 
19 2.25 40 S N 0.0 0.5 0.4 0.8 0.0 
20 2.25 40 S M 0.0 0.6 0.6 1.3 2.4 
21 3.5 40 L N 0.0 2.4 3.7 5.5 7.4 
22 3.5 40 L M 0.0 4.1 9.5 15.0 17.0 
23 3.5 40 S N 0.0 2.8 4.6 6.3 8.1 
24 3.5 40 S M 0.0 3.7 6.6 9.0 11.7 
25 2.5 5 S N 0.0 0.4 0.2 0.0 0.5 
26 2.5 25 S N 0.0 0.1 0.5 0.2 
27 2.5 40 S N 0.0 0.6 0.6 1.5 1.1 
28 3.0 5 S N 0.0 0.0 0.5 0.2 0.2 
29 3.0 25 S N 0.0 0.6 0.6 0.9 1.3 
30 3.0 40 S N 0.0 1.6 3.2 4.8 5.5 

(10 mM buffer concentration: L = Lactate; S = succinate. Tonicity modifier: N = 0.9% NaCI; 

5 M = 5% mannitol). Note that degradation is expressed as an increase in dimer content (not 

total dimer) as the API used for the experiment contained appreciable quantity of dimer. 

Maximal stability for AMG 416 solutions in this set of experiments was observed at 

pH of 3.0 ± 0.5. Analysis of solutions formulated at pH 2.5 or 3.5 show different degradation 

profiles, with C-terminal amide hydrolysis being the largest degradant at low pH whereas 

10 homodimer formation was larger at higher pH. Liquid formulations at pH 3.0 have predicted 

total degradation of 2-4% over 2 years under refrigerated conditions. 
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Table 15 

AMG 416 Degradation to Homodimer in 5mg/mL Solution at Time Points up to 67 Days 

Dimer (% Increase) 
Sample pH Temp Buffer Tonic, 0 14 27 49 67 

1 2.25 5 L N 0.0 0.5 -0.1 0.5 0.4 
2 2.25 5 L M 0.0 0.4 0.0 0.0 0.6 
3 2.25 5 S N 0.0 0.5 0.1 0.1 0.8 
4 2.25 5 S M 0.0 0.3 0.0 0.2 0.1 
5 3.5 5 L N 0.0 0.2 0.1 0.2 0.1 
6 3.5 5 L M 0.0 -0.1 0.0 0.2 1.6 
7 3.5 5 S N 0.0 -0.4 -0.2 0.0 0.1 
8 3.5 5 S M 0.0 0.2 0.1 -0.1 -0.1 
9 2.25 25 L N 0.0 0.5 0.4 0.5 0.3 
10 2.25 25 L M 0.0 0.3 0.1 0.5 0.4 
11 2.25 25 S N 0.0 -0.1 0.0 0.0 0.4 
12 2.25 25 S M 0.0 0.5 0.5 0.2 0.9 
13 3.5 25 L N 0.0 0.3 0.3 0.9 1.4 
14 3.5 25 L M 0.0 0.4 0.3 1.5 3.1 
15 3.5 25 S N 0.0 0.2 0.5 1.1 1.8 
16 3.5 25 S M 0.0 0.5 1.0 1.4 2.1 
17 2.25 40 L N 0.0 0.6 0.8 0.5 0.4 
18 2.25 40 L M 0.0 0.0 0.3 0.6 1.6 
19 2.25 40 S N 0.0 0.5 0.4 0.8 0.0 
20 2.25 40 S M 0.0 0.6 0.6 1.3 2.4 
21 3.5 40 L N 0.0 2.4 3.7 5.5 7.4 
22 3.5 40 L M 0.0 4.1 9.5 15.0 17.0 
23 3.5 40 S N 0.0 2.8 4.6 6.3 8.1 
24 3.5 40 S M 0.0 3.7 6.6 9.0 11.7 
25 2.5 5 S N 0.0 0.4 0.2 0.0 0.5 
26 2.5 25 S N 0.0 0.1 0.5 0.2 
27 2.5 40 S N 0.0 0.6 0.6 1.5 1.1 
28 3.0 5 S N 0.0 0.0 0.5 0.2 0.2 
29 3.0 25 S N 0.0 0.6 0.6 0.9 1.3 
30 3.0 40 S N 0.0 1.6 3.2 4.8 5.5 

(10 mM buffer concentration: L = Lactate; S = succinate. Tonicity modifier: N = 0.9% NaCl; 

5 M = 5% mannitol). Note that degradation is expressed as an increase in dimer content (not 

total dimer) as the API used for the experiment contained appreciable quantity of dimer. 

Maximal stability for AMG 416 solutions in this set of experiments was observed at 

pH of 3.0 ± 0.5. Analysis of solutions formulated at pH 2.5 or 3.5 show different degradation 

profiles, with C-terminal amide hydrolysis being the largest degradant at low pH whereas 

10 homodimer formation was larger at higher pH. Liquid formulations at pH 3.0 have predicted 

total degradation of 2-4% over 2 years under refrigerated conditions. 
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the stability of a liquid formulation of AMG 416 under 

analytical conditions was investigated. Fourteen formulation 

each having a different combination of pH (2.7, 3.3 

or 6 mg/mL) and salt concentration (0.7, 0.85 or 1.0%). 

kept the same (succinate 10 mM). See Table 16. 
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Formulation Testing Groups 
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into 3mL Type 

vials were stored 
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% peptide and 

to the data for 

software, SAS). 

HPLC 

function of the 

At 4°C and 25°C, 

Sample pH Succinate 
(mM) 

Peptide 
(mg/mL) 

NaCI 
(%) 

1 3.3 10 5 0.85 
2 3.9 10 4 1.0 
3 2.7 10 4 0.85 
4 3.9 10 6 0.7 
5 3.3 10 4 0.7 
6 3.9 10 6 1.0 
7 3.3 10 5 1.0 
8 3.3 10 5 0.85 
9 3.9 10 5 0.85 
10 3.3 10 6 0.85 
11 2.7 10 6 0.85 
12 2.7 10 5 1.0 
13 2.7 10 5 0.7 
14 3.9 10 4 0.7 

each of the formulation testing groups were dispensed 

Germany) and sealed (rubber stopper). Sets of the 

at temperatures of 4°C, 25°C or 40°C. Changes in 

AMG 416, and degradants were assessed over three months. 

response surface defined by the three factors (pH, 

by fitting a statistical model that describes such surface 

and at each temperature (JMP® statistical discovery 

was used to generate the distributions of the predicted 

point (pH = 3.3, peptide = 5% and NaCl= 8.5%) as a 

factors around the set point and the random noise. 

change in pH and osmolality with time were noted. 

purity remained 92% or greater, deamidation was 4% or less and homodimer formation was 

32 

WO 2014/210489 PCT/US2014/044622 

EXAMPLE 7 

Robustness Study 

In this study, the stability of a liquid formulation of AMG 416 under a variety of 

manufacturing and analytical conditions was investigated. Fourteen formulation testing 

5 groups were prepared, each having a different combination of pH (2.7, 3.3 or 3.9), peptide 

concentration (4, 5 or 6 mg/mL) and salt concentration (0.7, 0.85 or 1.0%). The osmolality of 

each formulation was kept the same (succinate 10 mM). See Table 16. 

Table 16 

10 Formulation Testing Groups 

Sample PH Succinate 
(mM) 

Peptide 
(mg/mL) 

NaCl 
(%) 

1 3.3 10 5 0.85 
2 3.9 10 4 1.0 
3 2.7 10 4 0.85 
4 3.9 10 6 0.7 
5 3.3 10 4 0.7 
6 3.9 10 6 1.0 
7 3.3 10 5 1.0 
8 3.3 10 5 0.85 
9 3.9 10 5 0.85 
10 3.3 10 6 0.85 
11 2.7 10 6 0.85 
12 2.7 10 5 1.0 
13 2.7 10 5 0.7 
14 3.9 10 4 0.7 

Samples (2.1 mL) of each of the formulation testing groups were dispensed into 3mL Type 

IB glass vials (Schott, Germany) and sealed (rubber stopper). Sets of the vials were stored 

upright for three months at temperatures of 4°C, 25°C or 40°C. Changes in the pH, 

15 osmolality, percent AMG 416, and degradants were assessed over three months. 

The time-dependent response surface defined by the three factors (pH, % peptide and 

% NaCl) was estimated by fitting a statistical model that describes such surface to the data for 

each HPLC response and at each temperature (JMP® statistical discovery software, SAS). 

Monte Carlo simulation was used to generate the distributions of the predicted HPLC 

20 responses at the set point (pH = 3.3, peptide = 5% and NaCl = 8.5%) as a function of the 

random variation of factors around the set point and the random noise. 

No significant change in pH and osmolality with time were noted. At 4°C and 25°C, 

purity remained 92% or greater, deamidation was 4% or less and homodimer formation was 
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4% or less over the entire length of the study. At 40°C, purity, deamidation and homodimer 

formation was seen beginning at 1 month. However, deamidation and homodimer formation 

were decreased as the pH range narrowed around 3.3, indicating that pH has a significant 

impact on the formation of these degradants. 

5 Based on this data, it is possible to provide a prediction of the purity profile over a 

range of pH from 2.8 to 3.8. As shown in Figure 12, the purity at each temperature is 

strongly dependent on pH, and less dependent on peptide concentration and NaC1 within the 

range tested. Under refrigerated conditions, the effect of pH is less significant at values 

above pH 3.3, but at room temperature (about 25°C), higher pH values are associated with 

10 more rapid degradation. Formulations for therapeutic use may be subject to long term 

storage under refrigerated conditions. In addition, consideration should also be given to 

potential exposure of the formulation to higher temperatures during manufacturing, 

packaging, labeling and clinical use. Thus, in this set of experiments, it was observed that a 

pH value in the tested range of 2.8 to 3.8 (3.3 ± 0.5) would be suitable for AMG 416 

15 formulations. 

EXAMPLE 8 

Long Term Stability of Liquid Formulations of AMG 416 over Range of pH 

In this study, the long term stability of a liquid formulation of AMG 416, at a 

20 concentration of 3.4 mg/mL, was determined over a range of pH in succinate-buffered saline. 

USP purified water (1200 mL) was dispensed into a glass beaker. Sodium succinate (4.05 g) 

and sodium chloride (13.5 g) were added and stirred to dissolve. The pH was adjusted to 2.5 

with 1N NaOH and/or 1N HC1 as required. AMG 416 HC1 (5.5 g powder weight) was added, 

stirred to dissolve, and q.s. to 1500 mL with purified water to provide 3.4 mg/mL solution 

25 (AMG 416). The solution was divided into three portions and the pH for each portion was 

adjusted to 2.5, 3.0 and 3.5, respectively. Each solution was filtered separately through 0.22 

micron PVDF filter and dispense 2 mL to 5-cc vials. After being stoppered, sealed, and 

labeled, the vials were place in designated stability chambers at 5°C ± 3, 25°C ± 2, and 40°C 

± 2. Samples were retrieved according to schedule and diluted with deionized water to 1.0 

30 mg/mL for HPLC analysis. The purity at months 0, 1, 2, 3, 5, 12 and 24 is provided in Table 

17 (note: the starting purity value was 99.2% for this study). The results provide a long term 

stability profile of a 3.4 mg/mL liquid formulation of AMG 416 as a function of pH and 

temperature. 
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4% or less over the entire length of the study. At 40°C, purity, deamidation and homodimer 

formation was seen beginning at 1 month. However, deamidation and homodimer formation 

were decreased as the pH range narrowed around 3.3, indicating that pH has a significant 

impact on the formation of these degradants. 

5 Based on this data, it is possible to provide a prediction of the purity profile over a 

range of pH from 2.8 to 3.8. As shown in Figure 12, the purity at each temperature is 

strongly dependent on pH, and less dependent on peptide concentration and NaCl within the 

range tested. Under refrigerated conditions, the effect of pH is less significant at values 

above pH 3.3, but at room temperature (about 25°C), higher pH values are associated with 

10 more rapid degradation. Formulations for therapeutic use may be subject to long term 

storage under refrigerated conditions. In addition, consideration should also be given to 

potential exposure of the formulation to higher temperatures during manufacturing, 

packaging, labeling and clinical use. Thus, in this set of experiments, it was observed that a 

pH value in the tested range of 2.8 to 3.8 (3.3 ± 0.5) would be suitable for AMG 416 

15 formulations. 

EXAMPLE 8 

Long Term Stability of Liquid Formulations of AMG 416 over Range of pH 

In this study, the long term stability of a liquid formulation of AMG 416, at a 

20 concentration of 3.4 mg/mL, was determined over a range of pH in succinate-buffered saline. 

USP purified water (1200 mL) was dispensed into a glass beaker. Sodium succinate (4.05 g) 

and sodium chloride (13.5 g) were added and stirred to dissolve. The pH was adjusted to 2.5 

with IN NaOH and/or IN HCl as required. AMG 416 HCl (5.5 g powder weight) was added, 

stirred to dissolve, and q.s. to 1500 mL with purified water to provide 3.4 mg/mL solution 

25 (AMG 416). The solution was divided into three portions and the pH for each portion was 

adjusted to 2.5, 3.0 and 3.5, respectively. Each solution was filtered separately through 0.22 

micron PVDF filter and dispense 2 mL to 5-cc vials. After being stoppered, sealed, and 

labeled, the vials were place in designated stability chambers at 5°C ± 3, 25°C ± 2, and 40°C 

± 2. Samples were retrieved according to schedule and diluted with deionized water to 1.0 

30 mg/mL for HPLC analysis. The purity at months 0,1,2, 3, 5,12 and 24 is provided in Table 

17 (note: the starting purity value was 99.2% for this study). The results provide a long term 

stability profile of a 3.4 mg/mL liquid formulation of AMG 416 as a function of pH and 

temperature. 
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Table 17 

Purity at Time Point up to 24 Months for AMG 416 Solutions. 

Purity (%) at Time (Months) 
Degradation 

at 2y 
pH 

Temp 
(°C) 

0 1 2 3 5 12 24 

5 99.2 99.0 98.8 98.8 98.1 96.8 94.8 4.4 
2.5 25 99.2 96.9 95.2 93.4 89.3 80.9 68.5 30.7 

40 99.2 88.8 81.9 75.3 60.9 39.1 20.4 78.8 
5 99.2 99.1 99.1 99.2 98.7 98.3 97.7 1.5 

3 25 99.2 98.2 97.5 96.7 95.0 91.1 84.6 14.6 
40 99.2 93.7 90.2 86.4 78.9 61.6 39.2 60.0 
5 99.2 99.2 99.2 99.2 98.8 98.6 98.3 0.9 

3.5 25 99.2 98.6 98.1 97.6 96.2 93.4 89.2 10.0 
40 99.2 94.6 91.5 88.7 83.1 67.5 46.1 53.1 

The time course of AMG 416 liquid formulation purity at each pH level is shown in 

5 	Figure 13. At all temperatures, the greatest purity was observed at pH 3.5 while the most 

degradation was observed at pH 2.5. Furthermore, at all temperatures, the purity at pH 3.0 

and 3.5 was significantly greater than the purity at pH 2.5. Thus, for example, for the 

refrigerated samples, the purity at 24 months was 98.3 and 97.7 for the solutions at pH 3.5 

and 3.0, respectively, but only 94.8 for the solution at pH 2.5. In addition, the decrease in 

10 	purity was seen to be related to temperature at all pH levels, with the least degradation 

observed in the samples incubated at 2-8°C and the most degradation observed in the samples 

incubated at 40°C. The major degradant observed at pH 2.5 was the deamidated product and 

at pH 3.5 the homodimer was observed. 

These data confirm that the described formulations are able to maintain adequate 

15 	stability of AMG 416 over at least a two year shelf-life under refrigerated conditions. The 

observed degradation is linear in all cases and supports the conclusions based on data 

extrapolation from earlier experiments. From this data, the optimal pH lies between 3.0 and 

3.5 based on the balance between different degradation pathways. 

All publications, patents and patent applications cited in this specification are herein 

20 	incorporated by reference as if each individual publication or patent application were 

specifically and individually indicated to be incorporated by reference. Although the 

foregoing invention has been described in some detail by way of illustration and example for 

purposes of clarity of understanding, it will be readily apparent to those of ordinary skill in 

the art in light of the teachings of this invention that certain changes and modifications may 

25 	be made thereto without departing from the spirit or scope of the appended claims. 
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Table 17 

Purity at Time Point up to 24 Months for AMG 416 Solutions. 

Purity (%) at Time (Months) 
Degradation 

PH 
Temp 
(°C) 0 1 2 3 5 12 24 

at 2y 

5 99.2 99.0 98.8 98.8 98.1 96.8 94.8 4.4 
2.5 25 99.2 96.9 95.2 93.4 89.3 80.9 68.5 30.7 

40 99.2 88.8 81.9 75.3 60.9 39.1 20.4 78.8 
5 99.2 99.1 99.1 99.2 98.7 98.3 97.7 1.5 

3 25 99.2 98.2 97.5 96.7 95.0 91.1 84.6 14.6 
40 99.2 93.7 90.2 86.4 78.9 61.6 39.2 60.0 
5 99.2 99.2 99.2 99.2 98.8 98.6 98.3 0.9 

3.5 25 99.2 98.6 98.1 97.6 96.2 93.4 89.2 10.0 
40 99.2 94.6 91.5 88.7 83.1 67.5 46.1 53.1 

The time course of AMG 416 liquid formulation purity at each pH level is shown in 

5 Figure 13. At all temperatures, the greatest purity was observed at pH 3.5 while the most 

degradation was observed at pH 2.5. Furthermore, at all temperatures, the purity at pH 3.0 

and 3.5 was significantly greater than the purity at pH 2.5. Thus, for example, for the 

refrigerated samples, the purity at 24 months was 98.3 and 97.7 for the solutions at pH 3.5 

and 3.0, respectively, but only 94.8 for the solution at pH 2.5. In addition, the decrease in 

10 purity was seen to be related to temperature at all pH levels, with the least degradation 

observed in the samples incubated at 2-8°C and the most degradation observed in the samples 

incubated at 40°C. The major degradant observed at pH 2.5 was the deamidated product and 

at pH 3.5 the homodimer was observed. 

These data confirm that the described formulations are able to maintain adequate 

15 stability of AMG 416 over at least a two year shelf-life under refrigerated conditions. The 

observed degradation is linear in all cases and supports the conclusions based on data 

extrapolation from earlier experiments. From this data, the optimal pH lies between 3.0 and 

3.5 based on the balance between different degradation pathways. 

All publications, patents and patent applications cited in this specification are herein 

20 incorporated by reference as if each individual publication or patent application were 

specifically and individually indicated to be incorporated by reference. Although the 

foregoing invention has been described in some detail by way of illustration and example for 

purposes of clarity of understanding, it will be readily apparent to those of ordinary skill in 

the art in light of the teachings of this invention that certain changes and modifications may 

25 be made thereto without departing from the spirit or scope of the appended claims. 
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CLAIMS 

What is claimed is: 

5 

1. A pharmaceutical formulation comprising AMG 416 in aqueous solution, 

wherein the formulation has a pH of 2.0 to 5.0. 

2. The formulation of claim 1, wherein the formulation has a pH of 2.5 to 4.5. 

3. The formulation of claim 1, wherein the formulation has a pH of 2.5 to 4.0. 

4. The formulation of claim 1, wherein the formulation has a pH of 3.0 to 3.5. 

5. The formulation of claim 1, wherein the pH is maintained by a 

10 pharmaceutically acceptable buffer. 

6. The formulation of claim 5, wherein the buffer is succinate. 

7. The formulation of claim 1, wherein the AMG 416 is present in the 

formulation at a concentration of 0.1 mg/mL to 20 mg/mL 

8. The formulation of claim 1, wherein the AMG 416 is present in the 

15 formulation at a concentration of 1 mg/mL to 15 mg/mL. 

9. The formulation of claim 1, wherein the AMG 416 is present in the 

formulation at a concentration of 2.5 mg/mL to 10 mg/mL. 

10. The formulation of claim 1, further comprising a pharmaceutically acceptable 

tonicity modifier. 

20 11. The formulation of claim 10, wherein the tonicity modifier is present in the 

formulation at a concentration sufficient for the formulation to be approximately isotonic. 

12. The formulation of claim 10, wherein the tonificer is NaCl. 

13. The formulation of claim 1, wherein the formulation has less than 10% 

degradation when stored at 2-8°C for 2 years. 

25 14. The formulation of claim 1, wherein the formulation has less than 10% 

degradation when stored at room temperature for 2 years. 

15. A formulation comprising 2 mg/mL to 20 mg/mL of AMG 416 in aqueous 

solution, a succinate buffer that maintains the formulation at a pH of about 3.0 to 3.5, and a 

sufficient concentration of sodium chloride for the formulation to be approximately isotonic. 
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8. The formulation of claim 1, wherein the AMG 416 is present in the 

15 formulation at a concentration of 1 mg/mL to 15 mg/mL. 

9. The formulation of claim 1, wherein the AMG 416 is present in the 

formulation at a concentration of 2.5 mg/mL to 10 mg/mL. 
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20 11. The formulation of claim 10, wherein the tonicity modifier is present in the 

formulation at a concentration sufficient for the formulation to be approximately isotonic. 

12. The formulation of claim 10, wherein the tonificer is NaCl. 

13. The formulation of claim 1, wherein the formulation has less than 10% 

degradation when stored at 2-8°C for 2 years. 

25 14. The formulation of claim 1, wherein the formulation has less than 10% 

degradation when stored at room temperature for 2 years. 

15. A formulation comprising 2 mg/mL to 20 mg/mL of AMG 416 in aqueous 

solution, a succinate buffer that maintains the formulation at a pH of about 3.0 to 3.5, and a 

sufficient concentration of sodium chloride for the formulation to be approximately isotonic. 
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