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STABILIZED PHARMACEUTICAL DOSAGE 
FORMS COMPRISING ATRASENTAN 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims priority to U.S. Provisional Application No. 

61/843,799 filed July 8, 2013, which is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present disclosure relates to: (a) stabilized pharmaceutical dosage forms 

comprising atrasenstan, or a pharmaceutical^ acceptable salt thereof, and, optionally, 

another therapeutic agent; (b) methods of using such pharmaceutical dosage forms to 

treat nephropathy, chronic kidney disease, and/or other conditions; (c) kits comprising 

such pharmaceutical dosage forms and, optionally, a second pharmaceutical dosage form 

comprising another therapeutic agent: (d) methods for the preparation of such 

pharmaceutical dosage forms; and (e) pharmaceutical dosage forms prepared by such 

methods. 

BACKGROUND OF THE INVENTION 

[0003] Atrasentan is a potent and selective antagonist for the endothelin A (ETA) 

receptor. It previously was evaluated in clinical trials for the treatment of prostate cancer 

at daily doses ranging from 2.5 mg to at least 95 mg. Lower daily doses of atrasentan 

currently are being evaluated in clinical trials for the treatment of chronic kidney disease 

associated with Type II diabetes. Although the proprietary atrasentan pharmaceutical 

dosage forms most recently employed in these clinical trials were suitable for such 

clinical trials, they did not exhibit the longer-term stability profile needed for a 

commercial drug product. Accordingly, there is a need for atrasentan pharmaceutical 

dosage forms having improved stability profiles that comply with regulatory 

requirements and are suitable for commercial use. 

SUMMARY OF THE INVENTION 

[0004] The present disclosure relates to stable solid pharmaceutical dosage forms 

comprising: 
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(a) about 0.25 mg to about 1.25 mg of atrasentan, or an equivalent amount of 

a pharmaceutically acceptable salt thereof; wherein the weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, in the dosage form is from about 0.05 weight 

percent to about 2.0 weight percent on an atrasentan free base equivalent weight basis; 

(b) a pharmaceutically acceptable anti-oxidant; wherein the molar ratio of the 

anti-oxidant to atrasentan, or pharmaceutically acceptable salt thereof, is from about 10:1 

to about 1:10; and 

(c) a pharmaceutically acceptable diluent; 

wherein degradation of atrasentan in the dosage form is less than degradation of 

atrasentan in an otherwise identical dosage form lacking the anti-oxidant when the 

dosage forms are stored for a storage period of six months at about 40°C and about 75% 

relative humidity. 

[0005] In one aspect, the present disclosure relates to stable solid pharmaceutical 

dosage forms comprising: 

(a) about 0.25 mg to about 1.25 mg of atrasentan, or an equivalent amount of 

a pharmaceutically acceptable salt thereof; wherein the weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, in the dosage form is from about 0.05 weight 

percent to about 2.0 weight percent on an atrasentan free base equivalent weight basis; 

(b) L-cysteine, or a pharmaceutically acceptable salt or ester thereof; wherein 

the molar ratio of the L-cysteine, or a pharmaceutically acceptable salt or ester thereof, to 

atrasentan, or pharmaceutically acceptable salt thereof, is from about 10:1 to about 1:10; 

and 

(c) a pharmaceutically acceptable diluent; 

wherein degradation of atrasentan in the dosage form is less than degradation of 

atrasentan in an otherwise identical dosage form lacking the L-cysteine, or a 

pharmaceutically acceptable salt or ester thereof, when the dosage forms are stored for a 

storage period of six months at about 40°C and about 75% relative humidity. 

[0006] In another aspect, the present disclosure relates to stable solid pharmaceutical 

dosage forms comprising: 
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(a) about 0.25 mg to about 1.25 mg of atrasentan, or an equivalent amount of 

a pharmaceutically acceptable salt thereof; wherein the weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, in the dosage form is from about 0.05 weight 

percent to about 2.0 weight percent on an atrasentan free base equivalent weight basis; 

(b) a pharmaceutically acceptable polymeric binder selected from the group 

consisting of hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylcellulose; wherein the weight to weight ratio of the binder to atrasentan, or 

pharmaceutically acceptable salt thereof, is from about 2:1 to about 25:1 on an atrasentan 

free base equivalent weight basis; and 

(c) a pharmaceutically acceptable diluent; 

wherein degradation of atrasentan in the dosage form is less than degradation of 

atrasentan in an otherwise identical dosage form lacking the polymeric binder when the 

dosage forms are stored for a storage period of six months at about 40°C and about 75% 

relative humidity. 

[0007] In another aspect, the present disclosure relates to stable solid pharmaceutical 

dosage forms comprising: 

(a) about 0.25 mg to about 1.25 mg of atrasentan, or an equivalent amount of 

a pharmaceutically acceptable salt thereof; wherein the weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, in the dosage form is from about 0.05 weight 

percent to about 2.0 weight percent on an atrasentan free base equivalent weight basis; 

(b) L-cysteine, or a pharmaceutically acceptable salt or ester thereof; wherein 

the molar ratio of the L-cysteine, or a pharmaceutically acceptable salt or ester thereof, to 

atrasentan, or pharmaceutically acceptable salt thereof, is from about 10:1 to about 1:10; 

(c) a pharmaceutically acceptable polymeric binder selected from the group 

consisting of hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylcellulose; wherein the weight to weight ratio of the binder to atrasentan, or 

pharmaceutically acceptable salt thereof, is from about 2:1 to about 25:1 on an atrasentan 

free base equivalent weight basis; and 
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(d) a pharmaceutically acceptable diluent; 

wherein degradation of atrasentan in the dosage form is less than degradation of 

atrasentan in an otherwise identical dosage form lacking the L-cysteine, or a 

pharmaceutically acceptable salt or ester thereof, and the polymeric binder when the 

dosage forms are stored for a storage period of six months at about 40°C and about 75% 

relative humidity. 

[0008] In another aspect, the present disclosure relates to methods of treating 

nephropathy in a human subject suffering from or susceptible to nephropathy comprising 

administering once daily to the subject a stable solid pharmaceutical dosage form 

comprising atrasentan, or a pharmaceutically acceptable salt thereof, as described above. 

[0009] In another aspect, the present disclosure relates to methods of treating chronic 

kidney disease in a human subject suffering from or susceptible to chronic kidney 

disease comprising administering once daily to the subject a stable solid pharmaceutical 

dosage form comprising atrasentan, or a pharmaceutically acceptable salt thereof, as 

described above. 

[003 0] In another aspect, the present disclosure relates to methods of reducing the 

urinary-albumin-to-creatinine ratio in a human subject suffering from or susceptible 

chronic kidney disease comprising administering once daily to the subject a stable solid 

pharmaceutical dosage form comprising atrasentan, or a pharmaceutically acceptable salt 

thereof, as described above. 

[0011] In another aspect, the present disclosure relates to methods of treatment 

comprising administering a stable solid pharmaceutical dosage form comprising 

atrasentan, or a pharmaceutically acceptable salt thereof, in combination with one or 

more additional therapeutic agents (e.g., an inhibitor of one or more elements of the 

renin-angiotensin-aldosterone system). 

[0012] In another aspect, the present disclosure relates to stable solid pharmaceutical 

dosage forms comprising atrasentan, or a pharmaceutically acceptable salt thereof, and 

further comprising a second therapeutic agent. 
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[0013] The another aspect, the present disclosure relates to kits comprising one or 

more stable solid pharmaceutical dosage forms comprising atrasentan, or a 

pharmaceutically acceptable salt thereof, as described in above. The kit optionally can 

comprise one or more additional therapeutic agents and/or instructions, for example, 

instructions for using the kit. 

[0014] In another aspect, the present disclosure relates to methods for the preparation 

of stable solid pharmaceutical dosage forms comprising about 0.25 mg to about 1.25 mg 

of atrasentan, or pharmaceutically acceptable salt thereof; wherein the method 

comprises: 

(a) combining the atrasentan, or a pharmaceutically acceptable salt thereof, 

with at least a portion of a pharmaceutically acceptable polymeric binder to form a first 

mixture; 

(b) blending the first mixture with a pharmaceutically acceptable diluent to 

form a second mixture; and 

(c) encapsulating or tableting the second mixture to yield the dosage form. 

[0015] In another aspect, the present disclosure relates to methods for the preparation 

of stable solid pharmaceutical dosage forms comprising about 0.25 mg to about 1.25 mg 

of atrasentan, or pharmaceutically acceptable salt thereof; wherein the method 

comprises: 

(a) combining the atrasentan, or a pharmaceutically acceptable salt thereof, 

and a pharmaceutically acceptable polymer selected from the group consisting of 

hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylcellulose to form a coating mixture; and 

(b) applying the coating mixture to the surface of a tablet core comprising a 

pharmaceutically acceptable diluent to yield the dosage form. 

[0016] hi another aspect, the present disclosure relates to stable solid pharmaceutical 

dosage forms comprising about 0.25 mg to about 1.25 mg of atrasentan, or a 

pharmaceutically acceptable salt thereof, wherein: 
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the dosage form comprises a pharmaceutically acceptable polymeric binder 

selected from the group consisting of hydroxymethylpropylcellulose, 

hydroxyethyipropylcellulose, and hydroxypropylcellulose; 

the dosage form is prepared by: 

(a) combining at least a portion of the atrasentan, or a pharmaceutically 

acceptable salt thereof, with at least a portion of the polymeric binder to form a first 

mixture; 

(b) blending the first mixture with the diluent to form a second mixture; and 

(c) encapsulating or tableting the second mixture to yield the dosage form; 

and 

degradation of atrasentan in the dosage form is less than degradation of 

atrasentan in an otherwise identical dosage form lacking the polymeric binder when the 

dosage forms are stored for a storage period of six months at about 40°C and about 75% 

relative humidity. 

[0017] In another aspect, the present disclosure relates to stable solid pharmaceutical 

dosage forms comprising about 0.25 mg to about 1.25 mg of atrasentan, or a 

pharmaceutically acceptable salt thereof, wherein: 

the dosage form is prepared by: 

(a) combining atrasentan, or a pharmaceutically acceptable salt thereof, and a 

pharmaceutically acceptable polymer selected from the group consisting of 

hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylcellulose to form a coating mixture; and 

(b) applying the coating mixture to the surface of a tablet core comprising a 

pharmaceutically acceptable diluent to yield the dosage form; and 

degradation of atrasentan in the dosage form is less than degradation of 

atrasentan in an otherwise identical dosage form lacking the polymer when the dosage 

forms are stored for a storage period of six months at about 40°C and about 75% relative 

humidity. 
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[0017a] In another aspect, there is provided a container comprising one or more 

dosage forms as described herein. 

[0017b] In another aspect, there is provided a use of a dosage form as described 

herein in the manufacture of a medicament for treating nephropathy, wherein the 

medicament is to be administered once daily to a human subject susceptible to or 

suffering from nephropathy. 

[0017c] In another aspect, there is provided a use of a dosage form as described 

herein in the manufacture of a medicament for treating chronic kidney disease, wherein 

the medicament is to be administered once daily to a human subject susceptible to or 

suffering from chronic kidney disease. 
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DETAILED DESCRIPTION OF THE INVENTION 

I. Definitions 

[0018] Section headings as used in this section and the entire disclosure are not 

intended to be limiting. 

[0019] Where a numeric range is recited, each intervening number within the range is 

explicitly contemplated with the same degree of precision. For example, for the range 6 

to 9, the numbers 7 and 8 are contemplated in addition to 6 and 9, and for the range 6.0-

7.0, the numbers 6.0, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9 and 7.0 are explicitly 

contemplated. In the same manner, all recited ratios also include all sub-ratios falling 

within the broader ratio. 

[0020] The singular forms "a," "an" and "the" include plural referents unless the 

context clearly dictates otherwise. 

[0021] The term "about" generally refers to a range of numbers that one of skill in the 

art would consider equivalent to the recited value {i.e., having the same function or 

result). In many instances, the term "about" may include numbers that are rounded to the 

nearest significant figure." 

[0022] The term "atrasentan" refers to the compound (2R,3R,4S)-4-(l,3-benzodioxol~ 

5-y!)-l-[2-(dibutylamino)-2-oxoethyl]-2-(4-methoxyphenyl)pyrrolidine-3-carboxylic 

acid which has the structure shown below: 

\ 
O 
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The term "atrasentan, or a pharmaceutically acceptable salt thereof' as used throughout 

this disclosure is intended to encompass the free base form of the compound shown 

above as well as any pharmaceutically acceptable salt of the compound, such as a 

hydrochloride salt. Unless otherwise stated, any reference to an amount of atrasentan in 

this disclosure is based on the free base equivalent weight of atrasentan. For example, 

0.75 mg of atrasentan refers to 0.75 mg of atrasentan in the free base form or an 

equivalent amount of a salt form of atrasentan. Methods for making atrasentan are 

described, for example, in U.S. Patent Nos. 5,731,434; 5,622,971; 5,767,144; 6,162,927; 

6,380,241; 6,462,194; 6,946,481; 7,208,517; and. 7,365,093. The contents of these 

patents are incorporated by reference in this application. 

[0023] Unless the context requires otherwise, the terms "comprise," "comprises," and 

"comprising" are used on the basis and clear understanding that they are to be interpreted 

inclusively, rather than exclusively, and that Applicants intend each of those words to be 

so interpreted in construing this patent, including the claims below. 

[0024] The term "pharmaceutically acceptable" (such as in the recitation of a 

"pharmaceutically acceptable salt" or a "pharmaceutically acceptable diluent") refers to a 

material that is compatible with administration to a subject, e.g, the material does not 

cause an undesirable biological effect. Examples of pharmaceutically acceptable salts 

are described in "Handbook of Pharmaceutical Salts: Properties, Selection, and Use" by 

Stahl and Wermuth (Wiley-VCH, Weinheim, Germany, 2002). Examples of 

pharmaceutically acceptable excipients are described in the "Handbook of 

Pharmaceutical Excipients," Rowe et al., Ed. (Pharmaceutical Press, 7th Ed., 2012). 

[0025] The term "subject" refers to an animal. In one aspect, the animal is a mammal, 

including a human or non-human, preferably a human subject. 

[0026] The terms "treating" and "treatment" refer to ameliorating, suppressing, 

eradicating, reducing the severity of, decreasing the frequency of incidence of, 

preventing, reducing the risk of, or delaying the onset of the condition. 

[0027] The abbreviation "HDPE" refers to high-density polyethylene. 
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[0028] The abbreviation "HPMC" refers to hydroxypropyl methylcellulose. 

[0029] The abbreviation "UACR" refers to urinary-albumin-to-creatine ratio. 

II. Stabilized Solid Dosage Forms 

[0030] The present disclosure relates to stable solid pharmaceutical dosage forms 

comprising atrasentan, or a pharmaceutically acceptable salt thereof. Among the 

challenges in developing such dosage forms are the low atrasentan dose required for the 

dosage form, the narrow therapeutic window for treating patients, the inherent chemical 

instability of atrasentan in the presence of moisture and many common excipients, and 

the safe handling requirements due to the potency of atrasentan. The stabilized solid 

dosage forms of the present disclosure, however, overcome such challenges and allow 

for the use of a broader range of excipients (e.g., metal-ion containing excipients such as 

magnesium stearate), packaging configurations (e.g-., blister packs), and manufacturing 

conditions (e.g., wet granulation). 

[0031] The low dosing and the narrow therapeutic window for atrasentan have been 

confirmed through analysis of the data collected from recent Phase lib clinical trials in 

subjects with, diabetic nephropathy. These Phase lib clinical trials evaluated the safety 

and efficacy of atrasentan to identify an appropriate balance between the systemic effects 

of atrasentan (which can lead to adverse side effects such as edema) and the efficacy 

effects of atrasentan. Analysis of the clinical data resulted in a finding that for the 

subjects tested a daily dose of atrasentan less than about 0.25 mg generally was sub­

therapeutic while a daily dose greater than about 1.25 mg generally resulted in an 

increase in adverse effects, particularly peripheral edema, without any further 

improvement in efficacy relative to the 1.25 mg daily dose. Within this narrow 

therapeutic window (about 0.25 mg to about 1.25 mg daily), atrasentan was found to 

significantly reduce residual albuminuria and the urinary-albumin-to-creatine ratio in the 

subjects studied. Reduction of residual albuminuria and the urinary-albumin-to-creatine 

ratio are surrogate endpoints generally associated with delaying the progression of end-

stage renal disease and associated cardiovascular complications. 
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[0032] As noted above, atrasentan will degrade in the presence of many common 

excipients. It is believed that hydrolysis, particularly acid-catalyzed hydrolysis, and 

oxidation are the primary degradation pathways for atrasentan in low-dose, non-

stabilized solid dosage forms. It is further believed that the primary degradation 

products of atrasentan in low-dose, non-stabilized solid dosage forms are the diol, 

pyrrolidine acid, and N-oxide shown below: 

Diol . Pyrrolidine Acid 

[0033] The diol and pyrrolidine acid are believed to form through acid-catalyzed 

hydrolysis while the N-oxide is believed to form through an oxidative mechanism. 

Degradation of atrasentan generally is exacerbated as acidity, moisture content, and 

metal ion content (such as Na+, M.g2+, and Ca2~) increase in the dosage form or in the 

specific components of the dosage form. The incompatibility of atrasentan with metal 

ions is believed to be due to the metal ions catalyzing an oxidation reaction and/or 

forming a complex with atrasentan. 

[0034] The low dosing, potent nature, and chemical instability of atrasentan further 

increase the difficulty of developing a suitable process for the preparation of the dosage 

form. A suitable process generally will ensure, inter alia, that atrasentan can be safely 

handled during the preparation of the dosage form and that dose-to-dose content 
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uniformity can be maintained. One potential approach is to dissolve or disperse the 

atrasentan in a liquid vehicle (such as water) during processing to minimize the 

generation of airborne dust and the associated risk of operator exposure to the drug. 

Dissolving or dispersing the atrasentan in a liquid vehicle during processing also can 

assist with maintaining suitable dose-to-dose content uniformity for the dosage form. 

The chemical, instability of atrasentan in the presence of water coupled with the 

decreased chemical stability normally associated with solution state chemistry, however, 

raises potential concerns that use of a process employing a liquid vehicle to prepare the 

atrasentan dosage form (such as a process comprising a wet granulation step in which 

atrasentan is wet granulated with the other excipients during the preparation of the 

dosage form) may not result in an acceptable final dosage form. 

[0035] Applicants have discovered stable solid pharmaceutical dosage forms 

comprising atrasentan, or a pharmaceutically acceptable salt thereof, that overcome these 

challenges. In general, the dosage forms comprise a stabilizing amount of an anti­

oxidant; a stabilizing amount of a polymeric binder; or a first amount of an anti-oxidant 

and a second amount of a polymeric binder wherein the first amount and the second 

amount together provide a stabilizing effect. In one aspect, the dosage form comprises a 

stabilizing amount of L-cysteine, or a pharmaceutically acceptable salt or ester thereof. 

In another aspect, the dosage form comprises a stabilizing amount of a polymeric binder 

selected from the group consisting of hydroxymethylpropylcellulose, hydroxyethyi­

propylcellulose, and hydroxypropylellulose. In another aspect, the dosage form 

comprises a stabilizing amount of hydroxymethylpropylcellulose. In another aspect, the 

dosage form comprises a first amount of L-cysteine, or a pharmaceutically acceptable 

salt or ester thereof; a second amount of a polymeric binder selected from the group 

consisting of hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylellulose; and the first amount and the second amount together provide a 

stabilizing effect. In another aspect, the dosage form comprises a first amount of L~ 

cysteine, or a pharmaceutically acceptable salt or ester thereof; a second amount of a 

hydroxymethylpropyl-cellulose; and the first amount and the second amount together 

provide a stabilizing effect. In further aspects, the process for preparing the dosage form 

comprises a wet granulation step wherein a liquid mixture comprising the atrasentan, or a 
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pharmaceutically acceptable salt thereof, and the polymeric binder is prepared and used 

as a granulating agent during the wet granulation step. 

A. Dosage Forms Comprising An Anti-Oxidant 

[0036] In one embodiment, the disclosure relates to a stable solid pharmaceutical 

dosage form comprising: 

(a) about 0.25 mg to about 1.25 mg of atrasentan, or an equivalent amount of 

a pharmaceutically acceptable salt thereof; wherein the weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, in the dosage form is from about 0.05 weight 

percent to about 2.0 weight percent on an atrasentan free base equivalent weight basis; 

(b) a pharmaceutically acceptable anti-oxidant; wherein the molar ratio of the 

anti-oxidant to atrasentan, or pharmaceutically acceptable salt thereof, is from about 10:1 

to about 1:10; and 

(c) a pharmaceutically acceptable diluent; 

wherein degradation of atrasentan in the dosage form is less than degradation of 

atrasentan in an otherwise identical dosage form lacking the anti-oxidant when the 

dosage forms are stored for a storage period of six months at about 40°C and about 75% 

relative humidity. 

[0037] hi one embodiment, the dosage form is stored during the storage period in a 

semi-permeable container or a substantially impermeable container. In one aspect, the 

dosage form is stored during the storage period in a sealed HDPE bottle or a blister 

package. In another aspect, the dosage form is stored during the storage period in a 

sealed HDPE bottle. In another aspect, the dosage form is stored during the storage 

period in a blister package. 

(i) Atrasentan 

[003 8] The dosage form can comprise a free base of atrasentan, a pharmaceutically 

acceptable salt of atrasentan, or a combination thereof. In one aspect, the dosage form 

comprises a free base of atrasentan. In another aspect, the dosage form comprises a 

pharmaceutically acceptable salt of atrasentan. In another aspect, the dosage form 

comprises a hydrochloride salt of atrasentan. 
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[0039] In one embodiment, the weight percent of atrasentan, or pharmaceutically 

acceptable salt thereof, in the dosage form is from about 0.1 weight percent to about 2.0 

weight percent on an atrasentan free base equivalent weight basis. In one aspect, the 

weight percent of atrasentan, or pharmaceutically acceptable salt thereof, in the dosage 

form is from about 0.2 weight percent to about 1.0 weight percent on an atrasentan free 

base equivalent weight basis. In another aspect, the weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, in the dosage form is from about 0.3 weight 

percent to about 0.8 weight percent on an atrasentan free base equivalent weight basis. In 

another aspect, the weight percent of atrasentan, or pharmaceutically acceptable salt 

thereof, in the dosage form is from about 0.40 weight percent to about 0.45 weight 

percent on an atrasentan free base equivalent weight basis. In another aspect, the weight 

percent of atrasentan, or pharmaccuticaliy acceptable salt thereof, in the dosage form is 

from about 0.60 weight percent to about 0.65 weight percent on an atrasentan free base 

equivalent weight basis. 

[0040] In another embodiment, the dosage form comprises from about 0.40 mg to 

about 1.00 mg of atrasentan, or an equivalent amount of a pharmaceutically acceptable 

salt thereof. In one aspect, the dosage form comprises from about 0.40 mg to about 0.85 

mg of atrasentan, or an equivalent amount of a pharmaceutically acceptable salt thereof. 

In another aspect, the dosage form comprises about 0.50 mg of atrasentan, or an 

equivalent amount of a pharmaceutically acceptable salt thereof. In another aspect, the 

dosage form comprises about 0.75 mg of atrasentan, or an equivalent amount of a 

pharmaceutically acceptable salt thereof. 

[0041] In another embodiment, the dosage form comprises atrasentan hydrochloride. 

In one aspect, the dosage form comprises atrasentan hydrochloride having a solid-state 

form selected from the group consisting of amorphous atrasentan hydrochloride, 

atrasentan hydrochloride Form I, atrasentan hydrochloride Form II, and atrasentan 

hydrochloride Form HI. In another aspect, the dosage form comprises amorphous 

atrasentan hydrochloride. The properties and preparation of amoiphous atrasentan 

hydrochloride are discussed in greater detail in WO 2006/034085. In another aspect, the 

dosage form comprises atrasentan hydrochloride Form I. The properties and preparation 

of atrasentan hydrochloride Form I are discussed in greater detail in WO 2006/034094. 
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In another aspect, the dosage form comprises atrasentan hydrochloride Form II. The 

properties and preparation of atrasentan hydrochloride Form II are discussed in greater 

detail in WO 2006/034084. In another aspect, the dosage form comprises atrasentan 

hydrochloride Form III. The properties and preparation of atrasentan hydrochloride 

Form III are discussed in greater detail in WO 2006/034234. The contents of these 

patent applications are incorporated by reference in this application. 

(ii) Anti-Oxidant 

[0042] Suitable anti-oxidants for use in the disclosed dosage forms include anti­

oxidants that function as reducing agents and are oxidized to pharmaceutically 

acceptable reduced products in the dosage form. In one embodiment, the anti-oxidant 

has an oxidation reduction potential less than the oxidation reduction potential of 

atrasentan (i.e., an oxidation reduction potential less than about 900 mV) and greater 

than about 550 mV. In one aspect, the anti-oxidant has an oxidation reduction potential 

less than about 550 mV. In another aspect, the anti-oxidant has an oxidation reduction 

potential from about 1 mV to about 550 mV. In another aspect, the solubility of the anti­

oxidant in water at about 25°C is greater than about 24 mg/mL. In another aspect, the 

anti-oxidant is an amino acid, or a pharmaceutically acceptable salt or ester thereof. In 

another aspect, the anti-oxidant is L-cysteine, or a pharmaceutically acceptable salt or 

ester thereof. In another aspect, the anti-oxidant is selected from the group consisting of 

L-cysteine hydrochloride monohydrate, L-cysteine hydrochloride anhydrate, and L-

cysteine ethyl ester. In another aspect, the dosage form comprises L-cysteine 

hydrochloride monohydrate. 

[0043] In another embodiment, the weight percent of the anti-oxidant in the dosage 

form is from about 0.05 weight percent to about 1.0 weight percent. In one aspect, the 

weight percent of the anti-oxidant in the dosage form is from about 0.07 weight percent 

to about 0.7 weight percent. In another aspect, the weight percent of the anti-oxidant in 

the dosage form is from about 0.09 weight percent to about 0.5 weight percent. 

[0044] hi another embodiment, the molar ratio of the anti-oxidant to atrasentan, or 

pharmaceutically acceptable salt thereof, is from about 10:1 to about 1:10. In one aspect, 

the molar ratio of the anti-oxidant to atrasentan, or pharmaceutically acceptable salt 
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thereof, in the dosage form is from about 5:1 to about 1:5. In another aspect, the molar 

ratio of the anti-oxidant to atrasentan, or pharmaceutically acceptable salt thereof, is from 

about 2:1 to about 1:2. In another aspect, the molar ratio of the anti-oxidant to 

atrasentan, or pharmaceutically acceptable salt thereof, is about 1:1. 

(iii) Diluent 

[0045] Suitable diluents for use in the disclosed dosage forms include, but are not 

limited to, lactose (such as lactose monohydrate, lactose anhydrous, and 

PHARMATOSE® DCL21), sucrose, glucose, mannitol, sorbitol, isomalt, 

microcrystalline cellulose (such as AVICEL® PH101 and AVICEL® PHI02), silicified 

microcrystalline cellulose (such as PROSOLV® SMCC 50 and SM'CC 90), dicalcium 

phosphate, starches, and combinations thereof. In one aspect, the diluent is selected from 

the group consisting of lactose, mannitol, isomalt, microcrystalline cellulose, dicalcium 

phosphate, and combinations thereof. In another aspect, the diluent is lactose. 

[0046] hi one embodiment, the weight percent of the diluent in the dosage form is 

from about 70 weight percent to about 99 weight percent. In one aspect, the weight 

percent of the diluent in the dosage form is from about 80 weight percent to about 99 

weight percent. In another aspect, the weight percent of the diluent in the dosage form is 

from about 85 weight percent to about 99 weight percent. 

(iv) Binder 

[0047] In one embodiment, the dosage form further comprises a pharmaceutically 

acceptable binder. Suitable binders for use in the disclosed dosage forms include, but are 

not limited to, celluloses, such as hydroxypropyl methylcellulose (e.g., Hypromellose E5 

(Premium LV)), hydroxypropyl ethylcellulose, and hydroxypropyl cellulose, and other 

pharmaceutically acceptable substances with cohesive properties. In one aspect, the 

binder is selected from the group consisting of hydroxymethylpropylcellulose, 

hydroxyethyipropylcellulose, and hydroxypropylcellulose. In another aspect, the binder 

is hydroxypropyl methylcellulose. In another aspect, the binder is 

hydroxypropylcellulose. In another aspect, the binder is hydroxyethyipropylcellulose. 
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[0048] In another embodiment, the dosage form further comprises a pharmaceutically 

acceptable binder and the weight percent of the binder in the dosage form is from about 

1.0 weight percent to about 10.0 weight percent, hi one aspect, the weight percent of the 

binder in the dosage form is from about 1.0 weight percent to about 8.0 weight percent. 

In another aspect, the weight percent of the binder in the dosage form is from about 1.0 

weight percent to about 5.0 weight percent. 

[0049] In another embodiment, the dosage form further comprises a pharmaceutically 

acceptable binder and the weight to weight ratio of the binder to atrasentan, or 

pharmaceutically acceptable salt th ereof, is from about 2:1 to about 25:1 on an atrasentan 

free base equivalent weight basis. In one aspect, the weight to weight ratio of the binder 

to the atrasentan, or pharmaceutically acceptable salt thereof, is from about 1:1 to about 

20:1 on an atrasentan free base equivalent weight basis. In another aspect, the weight to 

weight ratio of the binder to the atrasentan, or pharmaceutically acceptable salt thereof, is 

from about 1:1 to about 15:1 on an atrasentan free base equivalent weight basis. 

(v) Disintegrant 

[0050] In another embodiment, the dosage form optionally comprises a 

pharmaceutically acceptable disintegrant. Suitable disintegrants for use in the disclosed 

dosage forms include, but are not limited to, cross-linked polyvinyl pyrrolidone (such as 

POLYPLASDONE™ XL), corn starch, potato starch, maize starch and modified 

starches (including sodium starch glycolate), agar-agar, alginic acids, microcrystalline 

cellulose, sodium croscarmellose, and combinations thereof. In one aspect, the 

disintegrant is selected from the group consisting of crospovidone, sodium starch 

glycolate, and sodium croscarmellose. In another aspect, the disintegrant is a cross-

linked polyvinyl pyrrolidone. In another aspect, the disintegrant is crospovidone. 

[0051] In another embodiment, the dosage form further comprises a pharmaceutically 

acceptable disintegrant and the weight percent of the disintegrant in the dosage form is 

from about 1.0 weight percent to about 10.0 weight percent. In one aspect, the weight 

percent of the disintegrant in the dosage form is from about 1.0 weight percent to about 

6.0 weight percent. In another aspect, the weight percent of the disintegrant in the 

dosage form is from about 1.0 weight percent to about 4.0 weight percent. 
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[0052] In another embodiment, the dosage form further comprises a pharmaceutically 

acceptable disintegrant and the weight to weight ratio of the disintegrant to the anti­

oxidant is from about 60:1 to about 3:1. In one aspect, the weight to weight ratio of the 

disintegrant to the anti-oxidant is from about 50:1 to about 4:1. In another aspect, the 

weight to weight ratio of the disintegrant to the anti-oxidant is from about 35:1 to about 

5:1. 

(vi) Additional Excipients 

[0053] In further embodiments, the dosage form optionally comprises a 

pharmaceutically acceptable lubricant and/or glidant. Suitable lubricants and glidants for 

use in the disclosed dosage forms include, but are not limited to, silicon dioxide (such as 

SYLOID® 244FP and AEROSIL® 200), glyceryl behenate (such as COMPRITOL®), 

talc, stearic acid, solid polyethylene glycols, silica gel and mixtures thereof and other 

substances with lubricating or gliding properties. In one aspect, the lubricant is glyceryl 

behenate (such as COMPRITOL®). In another aspect, the glidant is silicon dioxide 

(such as SYLOID® 244FP). In another aspect, the lubricant is glyceryl behenate and the 

glidant is silicon dioxide. 

[0054] In another embodiment, the dosage form further comprises a pharmaceutically 

acceptable glidant. In one aspect, the weight percent of the glidant in the dosage form is 

from about 0.1 weight percent to about 1.5 weight percent. In another aspect, the weight 

percent of the glidant in the dosage form is from about 0.1 weight percent to about 1.0 

weight percent. In another aspect, the weight percent of the glidant in the dosage form is 

from about 0.1 weight percent to about 0.8 weight percent. 

[0055] In another embodiment, the dosage form further comprises a pharmaceutically 

acceptable lubricant In one aspect, the dosage form further comprises a 

pharmaceutically acceptable, hydrophobic lubricant. In another aspect, the weight 

percent of the lubricant in the dosage form is from about 0.05 weight percent to about 5.0 

weight percent. In another aspect, the weight percent of the lubricant in the dosage form 

is from about 0.2 weight percent to about 3.0 weight percent. In another aspect, the 

weight percent of the lubricant in the dosage form is from about 0.5 weight percent to 

about 2.0 weight percent. 
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[0056] In another embodiment, the dosage form further comprises a disintegrant, a 

glidant, and a lubricant. 

(vii) Additional Embodiments 

[0057] In one embodiment, the molar ratio of the anti-oxidant to atrasentan, or 

pharmaceutically acceptable salt thereof, is from about 5:1 to about 1:5; and the weight 

to weight ratio of the binder to atrasentan, or pharmaceutically acceptable salt thereof, is 

from about 1:1 to about 20:1 on an atrasentan free base equivalent weight basis. In one 

aspect, this dosage form further comprises a disintegrant and the weight to weight ratio 

of the disintegrant to the anti-oxidant is from about 60:1 to about 3:1. In another aspect, 

this dosage form comprises from about 0.40 mg to about 0.85 mg of atrasentan, or an 

equivalent amount of a pharmaceutically acceptable salt thereof. 

[0058] In another embodiment, the molar ratio of the anti-oxidant to atrasentan, or 

pharmaceutically acceptable salt thereof, is from about 2:1 to about 1:2; and the weight 

to weight ratio of the binder to atrasentan, or pharmaceutically acceptable salt thereof, is 

from about 1:1 to about 15:1 on an atrasentan free base equivalent weight basis. In one 

aspect, the dosage form further comprises a disintegrant and the weight to weight ratio of 

the disintegrant to the anti-oxidant is from about 50:1 to about 4:1. In another aspect, the 

weight percent of atrasentan, or pharmaceutically acceptable salt thereof, in this dosage 

form is from about 0.2 weight percent to about 1.0 weight percent on an atrasentan free 

base equivalent weight basis. In another aspect, this dosage form comprises from about 

0.40 mg to about 0.85 mg of atrasentan, or an equivalent amount of a pharmaceutically 

acceptable salt thereof. 

[0059] In another embodiment, the molar ratio of the anti-oxidant to atrasentan, or 

pharmaceutically acceptable salt thereof, is about 1:1; and the weight to weight ratio of 

the binder to atrasentan, or pharmaceutically acceptable salt thereof, is from about 1:1 to 

about 15:1 on an atrasentan free base equivalent weight basis. In one aspect, this dosage 

form further comprises a disintegrant and the weight to weight ratio of the disintegrant to 

the anti-oxidant is from about 35:1 to about 5:1. In another aspect, the weight percent of 

atrasentan, or pharmaceutically acceptable salt thereof, in this dosage form is from about 

0.3 weight percent to about 0.8 weight percent on an atrasentan free base equivalent 
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weight basis. In another aspect, this dosage form comprises from about 0.40 mg to about 

0.85 mg of atrasentan, or an equivalent amount of a pharmaceutically acceptable salt 

thereof. 

[0060] In another embodiment, the dosage form comprises from about 0.05 weight 

percent to about 1.0 weight percent of the anti-oxidant; and from about 1.0 weight 

percent to about 10.0 weight percent of the binder. In one aspect, this dosage form 

further comprises a disintegrant and the weight percent of the disintegrant in the dosage 

form is from about 1.0 weight percent to about 10.0 weight percent. In another aspect, 

the weight percent of atrasentan, or pharmaceutically acceptable salt thereof, in this 

dosage form is from about 0.1 weight percent to about 2.0 weight percent on an 

atrasentan free base equivalent weight basis. In another aspect, this dosage form 

comprises from about 0.40 mg to about 0.85 mg of atrasentan, or an equivalent amount 

of a pharmaceutically acceptable salt thereof. 

[0061] hi another embodiment, the dosage form comprises from about 0.07 weight 

percent to about 0.70 weight percent of the anti-oxidant; and from about 1.0 weight 

percent to about 8.0 weight percent of the binder. In one aspect, this dosage form further 

comprises a disintegrant and the weight percent of the disintegrant in the dosage form is 

from about 1.0 weight percent to about 6.0 weight percent. In another aspect, the weight 

percent of atrasentan, or pharmaceutically acceptable salt thereof, in this dosage form is 

from about 0.2 weight percent to about 1.0 weight percent on an atrasentan free base 

equivalent weight basis. In another aspect, this dosage form comprises from about 0.40 

mg to about 0.85 mg of atrasentan, or an equivalent amount of a pharmaceutically 

acceptable salt thereof. 

[0062] In another embodiment, the dosage form comprises from about 0.09 weight 

percent to about 0.80 weight percent of the anti-oxidant; and from about 1.0 weight 

percent to about 5.0 weight percent of the binder. In one aspect, this dosage form further 

comprises a disintegrant and the weight percent of the disintegrant in the dosage form is 

from about 1.0 weight percent to about 4.0 weight percent. In another aspect, the weight 

percent of atrasentan, or pharmaceutically acceptable salt thereof, in this dosage form is 

from, about 0.3 weight percent to about 0.8 weight percent on an atrasentan free base 
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equivalent weight basis. In another aspect, this dosage form comprises from about 0.40 

mg to about 0.85 mg of atrasentan, or an equivalent amount of a pharmaceutically 

acceptable salt thereof. 

[0063] In another embodiment, the dosage form comprises: 

(a) about 0.1 weight percent to about 2.0 weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, on an atrasentan free base equivalent weight 

basis; 

(b) about 0.05 weight percent to about 1.0 weight percent of the anti-oxidant; 

(c) about 75 weight percent to about 99 weight percent of the diluent; 

(d) about 1.0 weight percent to about 10.0 weight percent of a 

pharmaceutically acceptable binder; 

(e) optionally, about 1.0 weight percent to about 10.0 weight percent of a 

pharmaceutically acceptable disintegrant; 

(f) optionally, about 0 weight percent to about 1.5 weight percent of a 

pharmaceutically acceptable glidant; and 

(g) optionally, about 0 weight percent to about 5.0 weight percent of a 

pharmaceutically acceptable lubricant; 

wherein the cumulative weight percent for all components of the dosage form 

equals 100 percent. 

[0064] In another embodiment, the dosage form comprises: 

(a) about 0.1 weight percent to about 2.0 weight percent of atrasentan, or 

pharmaceutically acccptablc salt thereof, on an atrasentan free base equivalent weight 

basis; 

(b) about 0.05 weight percent to about 1.0 weight percent of the anti-oxidant; 

(c) about 75 weight percent to about 99 weight percent of the diluent; 

(d) about 1.0 weight percent to about 10.0 weight percent of a 

pharmaccutically acceptable binder; 
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(e) about 1.0 weight percent to about 10.0 weight percent of a 

pharmaceutically acceptable disintegrant; 

(ft optionally, about 0 weight percent to about 1.5 weight percent of a 

pharmaceutically acceptable glidant; and 

(g) optionally, about 0 weight percent to about 5.0 weight percent of a 

pharmaceutically acceptable lubricant; 

wherein the cumulative weight percent for all components of the dosage form 

equals 100 percent. 

[0065] In another embodiment, the dosage form comprises: 

(a) about 0.2 weight percent to about 1.0 weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, on an atrasentan free base equivalent weight 

basis; 

(b) about 0.07 weight percent to about 0.7 weight percent of the anti-oxidant; 

(c) about 82 weight percent to about 99 weight percent of the diluent; 

(d) about 1.0 weight percent to about 8.0 weight percent of a 

pharmaceutically acceptable binder; 

(e) optionally, about 1.0 weight percent to about 6.0 weight percent of a 

pharmaceutically acceptable disintegrant; 

(f) optionally, about 0 weight percent to about 1.0 weight percent of a 

pharmaceutically acceptable glidant; and 

(g) optionally, about 0 weight percent to about 3.0 weight percent of a 

pharmaceutically acceptable lubricant; 

wherein the cumulative weight percent for all components of the dosage form 

equals 100 percent. 
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[0066] In another embodiment, the dosage form comprises: 

(a) about 0.2 weight percent to about 1.0 weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, on an atrasentan free base equivalent weight 

basis; 

(b) about 0.07 weight percent to about 0.7 weight percent of the anti-oxidant; 

(c) about 82 weight percent to about 99 weight percent of the diluent; 

(d) about 1.0 weight percent to about 8.0 weight percent of a 

pharmaceutically acceptable binder; 

(e) about 1.0 weight percent to about 6.0 weight percent of a 

pharmaceutically acceptable disintegrant; 

(f) optionally, about 0 weight percent to about 1.0 weight percent of a 

pharmaceutically acceptable glidant; and 

(g) optionally, about 0 weight percent to about 3.0 weight percent of a 

pharmaceutically acceptable lubricant; 

wherein the cumulative weight percent for all components of the dosage form 

equals 100 percent. 

[0067] In another embodiment, the dosage form comprises: 

(a) about 0.3 weight percent to about 0.8 weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, on an atrasentan free base equivalent weight 

basis; 

(b) about 0.09 weight percent to about 0.5 weight percent of the anti-oxidant; 

(c) about 87 weight percent to about 99 weight percent of a pharmaceutically 

acceptable diluent; 

(d) about 1.0 weight percent to about 5.0 weight percent of a 

pharmaceutically acceptable binder; 

(d) optionally, about 1.0 weight percent to about 4.0 weight percent of a 

pharmaceutically acceptable disintegrant; 
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(e) optionally, about 0 weight percent to about 0.75 weight percent of a 

pharmaceutically acceptable glidant; and 

(f) optionally, about 0 weight percent to about 2.0 weight percent of a 

pharmaceutically acceptable lubricant; 

wherein the cumulative weight percent for all components of the dosage form 

equals 100 percent. 

[0068] In another embodiment, the dosage form comprises; 

(a) about 0.3 weight percent to about 0,8 weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, on an atrasentan free base equivalent weight 

basis; 

(b) about 0.09 weight percent to about 0.5 weight percent of the anti-oxidant; 

(c) about 87 weight percent to about 99 weight percent of a pharmaceutically 

acceptable diluent; 

(d) about 1.0 weight percent to about 5.0 weight percent of a 

pharmaceutically acceptable binder; 

(d) about 1.0 weight percent to about 4.0 weight percent of a 

pharmaceutically acceptable disintegrant; 

(e) optionally, about 0 weight percent to about 0.75 weight percent of a 

pharmaceutically acceptable glidant; and 

(f) optionally, about 0 weight percent to about 2.0 weight percent of a 

pharmaceutically acceptable lubricant; 

wherein the cumulative weight percent for all components of the dosage form 

equals 100 percent. 

[0069] In another embodiment, the dosage form is a tablet In one aspect, the tablet 

has a weight from about 37.5 mg to about 1500 mg. In another aspect, the tablet has a 

weight from about 50 mg to about 750 mg. In another aspect, the tablet has a weight 

from about 50 mg to about 250 mg. In another aspect, the tablet has a weight from about 

75 mg to about 500 mg. In another aspect, the tablet has a weight from about 75 mg to 
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about 150 mg. In another aspect, the tablet has a weight from about 100 mg to about 250 

mg. In another aspect, the tablet has a weight from about 100 mg to about 230 mg. 

[0070} In general, the tablet optionally can be surrounded or coated with at least one 

non-rate-controlling layer. The non-rate-controlling layer can be formed as a single 

layer, coating or membrane or a plurality of single layers, coatings or membranes. The 

functions of the non-rate-controlling layer can include, for example, providing further 

stability for the atrasentan, serving as a process aid and/or as a cosmetic enhancement for 

the formulation, and/or acting as a masking agent to reduce any undesired odor 

associated with the formulation. 

[0071 ] When the dosage form comprises a non-rate-controlling layer, the non-rate-

controlling layer can be made of one or more polymers, as well as, other ingredients 

known in the art, such as, but not limited to, plasticizers, pigments/opacifiers, waxes, etc. 

Examples of polymers that can be used include, but are not limited to, hydroxypropyl 

methylcellulose, hydroxypropyl cellulose, methylcellulose, polyvinyl alcohol and 

polyethylene glycol. Examples of plasticizers that can be used include, but are not 

limited to, polyethylene glycol(s), glycerin, triacetin, triethyl citrate, diethyl phthalate, L-

cysteine, and mineral oils. Examples of pigments/opacifiers that can be used include, but 

are not limited to, water soluble dyes (for example, sunset yellow, quinoline yellow, 

erythrosine, and tartrazine), pigments (for example, aluminum lakes, titanium oxides, 

iron oxides and talc), and natural products (for example, riboflavin, carotenoids, 

chlorophyll, anthocyanins, and carmine). An example of a wax that can be used 

includes, but is not limited to, a paraffin wax. 

[0072] in another embodiment, the dosage form is a tablet coated with a 

pharmaceutically acceptable polymer. 

[0073] In another embodiment, the dosage form is a capsule. 

[0074] In another embodiment, the dosage form is packaged in a semi-permeable 

container. In one aspect, the semi-permeable container is a blister pack. 
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[0075] In another embodiment, the dosage form is packaged in a substantially 

impermeable container. 

[0076] In another embodiment, the dosage form is an immediate release dosage form. 

In one aspect, the dosage form is an immediate release tablet and releases at least about 

85% of the atrasentan, or pharmaceutically acceptable salt thereof, within about 45 

minutes as determined in an in vitro dissolution test conducted using a USP Dissolution 

Apparatus 2 (Paddle Apparatus), a 0.0 IN hydrochloric acid dissolution medium, and a 

paddle rotation of 50 RPM. In another aspect, the dosage form is an immediate release 

tablet and releases at least about 75% of the atrasentan, or pharmaceutically acceptable 

salt thereof, within about 30 minutes. 

[0077] In another embodiment, the dosage form comprises less than about 1.0 weight 

percent of total impurities resulting from degradation of the atrasentan, or 

pharmaceutically acceptable salt thereof, after a storage period of six months at about 

40°C and about 75% relative humidity. In one aspect, degradation of the atrasentan, or 

pharmaceutically acceptable salt thereof, is analyzed using high-performance liquid 

chromatography. 

[0078] In another embodiment, the dosage form comprises less than about 0.6 weight 

percent of any single impurity resulting from degradation of the atrasentan, or 

pharmaceutically acceptable salt thereof, after a storage period of six months at about 

40°C and about 75% relative humidity, In one aspect, degradation of the atrasentan, or 

pharmaceutically acceptable salt thereof, is analyzed using high-performance liquid 

chromatography. 

[0079] In another embodiment, the dosage form comprises less than about 1.0 weight 

percent of total impurities and less than about 0.6 weight percent of any single impurity 

resulting from degradation of the atrasentan, or pharmaceutically acceptable salt thereof, 

after a storage period of six months at about 40°C and about 75% relative humidity. In 

one aspect, degradation of the atrasentan, or pharmaceutically acceptable salt thereof, is 

analyzed using high-performance liquid chromatography. 
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B. Dosage Forms Comprising L-Cvsteine and/or Polymeric Binder 

[0080] In one embodiment, the disclosure relates to a stable solid pharmaceutical 

dosage form comprising: 

(a) about 0.25 mg to about 1.25 mg of atrasentan, or an equivalent amount of 

a pharmaceutically acceptable salt thereof; wherein the weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, in the dosage form is from about 0.05 weight 

percent to about 2.0 weight percent on an atrasentan free base equivalent weight basis; 

(b) L-cysteine, or a pharmaceutically acceptable salt or ester thereof; wherein 

the molar ratio of the L-cysteine, or a pharmaceutically acceptable salt or ester thereof, to 

atrasentan, or pharmaceutically acceptable salt thereof, is from about 10:1 to about 1:10; 

and 

(c) a pharmaceutically acceptable diluent; 

wherein degradation of atrasentan in the dosage form is less than degradation of 

atrasentan in an otherwise identical dosage form lacking the L-cysteine, or a 

pharmaceutically acceptable salt or ester thereof, when the dosage forms are stored for a 

storage period of six months at about 40°C and about 75% relative humidity. 

[0081] In another embodiment, the disclosure relates to a stable solid pharmaceutical 

dosage form comprising: 

(a) about 0.25 mg to about 1.25 mg of atrasentan, or an equivalent amount of 

a pharmaceutically acceptable salt thereof; wherein the weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, in the dosage form is from about 0.05 weight 

percent to about 2.0 weight percent on an atrasentan free base equivalent weight basis; 

(b) a pharmaceutically acceptable polymeric binder selected from the group 

consisting of hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylcellulose; wherein the weight to weight ratio of the binder to atrasentan, or 

pharmaceutically acceptable salt thereof, is from about 2:1 to about 25:1 on an atrasentan 

free base equivalent weight basis; and 
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(c) a pharmaceutically acceptable diluent; 

wherein degradation of atrasentan in the dosage form is less than degradation of 

atrasentan in an otherwise identical dosage form lacking the polymeric binder when the 

dosage forms are stored for a storage period of six months at about 40°C and about 75% 

relative humidity. 

[0082] In another embodiment, the disclosure relates to a stable solid pharmaceutical 
dosage form comprising: 

(a) about 0.25 mg to about 1.25 mg of atrasentan, or an equivalent amount of 

a pharmaceutically acceptable salt thereof; wherein the weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, in the dosage form is from about 0.05 weight 

percent to about 2.0 weight percent on an atrasentan free base equivalent weight basis; 

(b) L-cysteine, or a pharmaceutically acceptable salt or ester thereof; wherein 

the molar ratio of the L-cysteine, or a pharmaceutically acceptable salt or ester thereof, to 

atrasentan, or pharmaceutically acceptable salt thereof, is from about 10:1 to about 1:10; 

(c) a pharmaceutically acceptable polymeric binder selected from the group 

consisting of hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylcellulose; wherein the weight to weight ratio of the binder to atrasentan, or 

pharmaceutically acceptable salt thereof, is from about 2:1 to about 25:1 on an atrasentan 

free base equivalent weight basis; and 

(d) a pharmaceutically acceptable diluent; 

wherein degradation of atrasentan in the dosage form is less than degradation of 

atrasentan in an otherwise identical dosage form lacking the L-cysteine, or a 

pharmaceutically acceptable salt or ester thereof, and the polymeric binder when the 

dosage forms are stored for a storage period of six months at about 40°C and about 75% 

relative humidity. 

[0083] In additional aspects of each of the above embodiments, the dosage form is 

stored during the storage period in a semi-permeable container or a substantially 

impermeable container. In another aspect, the dosage form is stored during the storage 

period in a sealed HDPE bottle or a blister package. In another aspect, the dosage form 



WO 2015/006219 PCT/US2014/045581 

28 

is stored during the storage period in a sealed HDPE bottle. In another aspect, the 

dosage form is stored during the storage period in a blister package. 

(i) Atrasentan 

[0084] The dosage form can comprise a free base of atrasentan, a pharmaceutically 

acceptable salt of atrasentan, or a combination thereof. In one aspect, the dosage form 

comprises a free base of atrasentan. In another aspect, the dosage form comprises a 

pharmaccutically acceptable salt of atrasentan. In another aspcct, the dosage form 

comprises a hydrochloride salt of atrasentan. In another aspect, the dosage form 

comprises atrasentan hydrochloride having a solid-state form selected from the group 

consisting of amorphous atrasentan hydrochloride, atrasentan hydrochloride Form I, 

atrasentan hydrochloride Form II, and atrasentan hydrochloride Form III. In another 

aspect, the dosage form comprises amorphous atrasentan hydrochloride. The properties 

and preparation of amorphous atrasentan hydrochloride are discussed in greater detail in 

WO 2006/034085. In another aspect, the dosage form comprises atrasentan 

hydrochloride Form I. The properties and preparation of atrasentan hydrochloride Form 

I are discussed in greater detail in WO 2006/034094. In another aspect, the dosage form 

comprises atrasentan hydrochloride Form II. The properties and preparation of 

atrasentan hydrochloride Form II are discussed in greater detail in WO 2006/034084. In 

another aspect, the dosage form comprises atrasentan hydrochloride Form III. The 

properties and preparation of atrasentan hydrochloride Form III are discussed in greater 

detail in WO 2006/034234. 

[0085] In another embodiment, the weight percent of atrasentan, or pharmaceutically 

acceptable salt thereof, in the dosage form is from about 0.1 weight percent to about 2.0 

weight percent on an atrasentan free base equivalent weight basis. In one aspect, the 

weight percent of atrasentan, or pharmaceutically acceptable salt thereof, in the dosage 

form is from about 0.2 weight percent to about 1.0 weight percent on an atrasentan free 

base equivalent weight basis. In another aspect, the weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, in the dosage form is from about 0.3 weight 

percent to about 0.8 weight percent on an atrasentan free base equivalent weight basis. In 

another aspect, the weight percent of atrasentan, or pharmaceutically acceptable salt 

thereof, in the dosage form is from about 0.40 weight percent to about 0.45 weight 
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percent on an atrasentan free base equivalent weight basis. In another aspect, the weight 

percent of atrasentan, or pharmaceutically acceptable salt thereof, in the dosage form is 

from about 0.60 weight percent to about 0.65 weight percent on an atrasentan free base 

equivalent weight basis. 

[0086] In another embodiment, the dosage form comprises from about 0.40 mg to 

about 1.00 mg of atrasentan, or an equivalent amount of a pharmaceutically acceptable 

salt thereof. In one aspect, the dosage form comprises from about 0.40 mg to about 0.85 

mg of atrasentan, or an equivalent amount of a pharmaceutically acceptable salt thereof. 

In another aspect, the dosage form comprises about 0.50 mg of atrasentan, or an 

equivalent amount of a pharmaceutically acceptable salt thereof. In another aspect, the 

dosage form comprises about 0.75 mg of atrasentan, or an equivalent amount of a 

pharmaceutically acceptable salt thereof. 

(ii) L-Cysteine 

[0087] In one embodiment, the weight percent of the L-cysteine, or pharmaceutically 

acceptable salt or ester thereof, in the dosage form is from about 0.05 weight percent to 

about 1.0 weight percent. In one aspect, the weight percent of the L-cysteine, or 

pharmaceutically acceptable salt or ester thereof, in the dosage form is from about 0.07 

weight percent to about 0.7 weight percent. In another aspect, the weight percent of the 

L-cysteine, or pharmaceutically acceptable salt or ester thereof, in the dosage form is 

from about 0.09 weight percent to about 0.5 weight percent. 

[0088] In another embodiment, the molar ratio of the L-cysteine, or pharmaceutically 

acceptable salt or ester thereof, to atrasentan, or pharmaceutically acceptable salt thereof, 

in the dosage form is from about 10:1 to about 1:10. In another aspect, the molar ratio of 

the L-cysteine, or pharmaceutically acceptable salt or ester thereof, to atrasentan, or 

pharmaceutically acceptable salt thereof, in the dosage form is from about 5:1 to about 

1:5. In another aspect, the molar ratio of the L-cysteine, or pharmaceutically acceptable 

salt or ester thereof, to atrasentan, or pharmaceutically acceptable salt thereof, is from 

about 2:1 to about 1:2. In another aspect, the molar ratio of the L-cysteine, or 

pharmaceutically acceptable salt or ester thereof, to atrasentan, or pharmaceutically 

acceptable salt thereof, about 1:1. 
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[0089] In another embodiment, the anti-oxidant is selected from the group consisting 

of L-cysteine hydrochloride monohydrate, L-cysteine hydrochloride anhydrate, and L-

cysteine ethyl ester. In another aspect, the dosage form comprises L-cysteine 

hydrochloride monohydrate. 

(iii) Diluent 

[0090] In one embodiment, the weight percent of the diluent in the dosage form is 

from about 70 weight percent to about 99 weight percent. In one aspect, the weight 

percent of the diluent in the dosage form is from about 80 weight percent to about 99 

weight percent. In another aspect, the weight percent of the diluent in the dosage form is 

from about 85 weight percent to about 99 weight percent. In another aspect, the diluent 

is selected from the group consisting of lactose, mannitol, isomalt, and combinations 

thereof. In another aspect, the diluent is lactose. 

(iv) Binder 

[0091] In one embodiment, the dosage form comprises a pharmaceutically acceptable 

polymeric binder selected from the group consisting of hydroxymethylpropylcellulose, 

hydroxyethyipropylcellulose, and hydroxypropylcellulose. In one aspect, the binder is 

hydroxypropyl methylcellulose. In another aspect, the binder is hydroxyethyipropyl­

cellulose. In another aspect, the binder is hydroxypropylcellulose. 

[0092] In another embodiment, the dosage form comprises a pharmaceutically 

acceptable polymeric binder selected from the group consisting of 

hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylcellulose; and the weight percent of the binder in the dosage form is from 

about 1.0 weight percent to about 10.0 weight percent. In one aspect, the weight percent 

of the binder in the dosage form is from about 1.0 weight percent to about 8.0 weight 

percent. In another aspect, the weight percent of the binder in the dosage form is from 

about 1.0 weight percent to about 5.0 weight percent. 

[0093] In another embodiment, the dosage form further comprises a pharmaceutically 

acceptable polymeric binder selected from the group consisting of hydroxymethylpropyl­

cellulose, hydroxyethyipropylcellulose, and hydroxypropylcellulose; and the weight to 
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weight ratio of the binder to atrasentan, or pharmaceutically acceptable salt thereof, is 

from about 2:1 to about 25:1 on an atrasentan free base equivalent weight basis. In one 

aspect, the weight to weight ratio of the binder to the atrasentan, or pharmaceutically 

acceptable salt thereof, is from about 1:1 to about 20:1 on an atrasentan free base 

equivalent weight basis. In another aspect, the weight to weight ratio of the binder to the 

atrasentan, or pharmaceutically acceptable salt thereof, is from about 1:1 to about 15:1 

on an atrasentan free base equivalent weight basis. 

(v) Disintegrant 

[0094] In one embodiment, the dosage form optionally comprises a pharmaceutically 

acceptable disintegrant. Suitable disintegrants for use in the disclosed dosage forms 

include, but are not limited to, cross-linked polyvinyl pyrrolidone (such as 

POLYPLASDONE™ XL), corn starch, potato starch, maize starch and modified 
starches (including sodium starch glycolate), agar-agar, alginic acids, microcrystalline 

cellulose, sodium croscarmellose, and combinations thereof. In one aspect, the 

disintegrant is selected from the group consisting of crospovidone, sodium starch 

glycolate, and sodium croscarmellose. In another aspect, the disintegrant is a cross-

linked polyvinyl pyrrolidone. In another aspect, the disintegrant is crospovidone. 

[0095] In another embodiment, the dosage form further comprises a pharmaceutically 

acceptable disintegrant. In one aspect, the dosage form further comprises a 

pharmaceutically acceptable disintegrant and the weight percent of the disintegrant in the 

dosage form is from about 1.0 weight percent to about 10.0 weight percent. In one 

aspect, the weight percent of the disintegrant in the dosage form is from about 1.0 weight 

percent to about 6.0 weight percent. In another aspect, the weight percent of the 

disintegrant in the dosage form is from about 1.0 weight percent to about 4.0 weight 

percent. In another aspect, the disintegrant is crospovidone. 

[0096] In another embodiment, the dosage form further comprises a pharmaceutical iy 

acceptable disintegrant and the weight to weight ratio of the disintegrant to the L~ 

cysteine, or pharmaceutically acceptable salt or ester thereof, is from about 60:1 to about 

3:1. In one aspect, the weight to weight ratio of the disintegrant to the L-cysteine, or 

pharmaceutically acceptable salt or ester thereof, is from about 50:1 to about 4:1. In 
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another aspect, the weight to weight ratio of the disintegrant to the L-cysteine, or 

pharmaceutically acceptable salt or ester thereof, is from about 35:1 to about 5:1. 

(vi) Additional Excipients 

[0097] In further embodiments, the dosage form optionally comprises a 

pharmaceutically acceptable lubricant and/or glidant. In one aspect, the dosage form 

further comprises a pharmaceutically acceptable glidant. In another aspect, the weight 

percent of the glidant in the dosage form is from about 0.1 weight percent to about 1.5 

weight percent. In another aspect, the weight percent of the glidant in the dosage form is 

from about 0.1 weight percent to about 1.0 weight percent. In another aspect, the weight 

percent of the glidant in the dosage form is from about 0.1 weight percent to about 0.8 

weight percent. In another aspect, the glidant is silicon dioxide. 

[0098] In another embodiment, the dosage form further comprises a pharmaceutically 

acceptable lubricant. In one aspect, the dosage form further comprises a 

pharmaceutically acceptable, hydrophobic lubricant. In another aspect, the weight 

percent of the lubricant in the dosage form is from about 0.05 weight percent to about 5.0 

weight percent. In another aspect, the weight percent of the lubricant in the dosage form 

is from about 0.2 weight percent to about 3.0 weight percent. In another aspect, the 

weight percent of the lubricant in the dosage form is from about 0.5 weight percent to 

about 2.0 weight percent. In another aspect, the lubricant is glyceryl behenate. 

[0099] In another embodiment, the dosage form further comprises a disintegrant, a 

glidant, and a lubricant. 

(vii) Additional Embodiments 

[00100] In one embodiment, the dosage form comprises a pharmaceutically 

acceptable polymeric binder selected from the group consisting of 

hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylcellulose; the molar ratio of the L-cysteine, or pharmaceutically 

acceptable salt or ester thereof, to atrasentan, or pharmaceutically acceptable salt thereof, 

is from about 5:1 to about 1:5; and the weight to weight ratio of the binder to atrasentan, 

or pharmaceutically acceptable salt thereof, is from about 1:1 to about 20:1 on an 
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atrasentan free base equivalent weight basis. In one aspect, this dosage form further 

comprises a disintegrant and the weight to weight ratio of the disintegrant to the L-

cysteine, or pharmaceutically acceptable salt or ester thereof, is from about 60:1 to about 

3:1. In another aspect, the weight percent of atrasentan, or pharmaceutically acceptable 

salt thereof, in this dosage form is from about 0.2 weight percent to about 1.0 weight 

percent on an atrasentan free base equivalent weight basis. In another aspect, this dosage 

form comprises from about 0.40 mg to about 0.85 mg of atrasentan, or an equivalent 

amount of a pharmaceutically acceptable salt thereof. 

[0101] In another embodiment, the dosage form comprises a pharmaceutically 

acceptable polymeric binder selected from the group consisting of 

hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylcellulose; the molar ratio of the L-cysteine, or a pharmaceutically 

acceptable salt or ester thereof, to atrasentan, or pharmaceutically acceptable salt thereof, 

is from about 2:1 to about 1:2; and the weight to weight ratio of the binder to atrasentan, 

or pharmaceutically acceptable salt thereof, is from about 1:1 to about 15:1 on an 

atrasentan free base equivalent weight basis, hi one aspect, the dosage form further 

comprises a disintegrant and the weight to weight ratio of the disintegrant to the L-

cysteine, or a pharmaceutically acceptable salt or ester thereof, is from about 50:1 to 

about 4:1. In another aspect, the weight percent of atrasentan, or pharmaceutically 

acceptable salt thereof, in this dosage form is from about 0.2 weight percent to about 1.0 

weight percent on an atrasentan free base equivalent weight basis. In another aspect, this 

dosage form comprises from about 0.40 mg to about 0.85 mg of atrasentan, or an 

equivalent amount of a pharmaceutically acceptable salt thereof. 

[0102] In another embodiment, the dosage form comprises a pharmaceutically 

acceptable polymeric binder selected from the group consisting of 

hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylcellulose; the molar ratio of the L-cysteine, or pharmaceutically 

acceptable salt or ester thereof, to atrasentan, or pharmaceutically acceptable salt 

thereof, is about 1:1; and the weight to weight ratio of the binder to atrasentan, or 

pharmaceutically acceptable salt thereof, is from about 1:1 to about 15:1 on an atrasentan 

free base equivalent weight basis. In one aspect, this dosage form further comprises a 
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disintegrant and the weight to weight ratio of the disintegrant to the L-cysteine, or 

pharmaceutically acceptable salt or ester thereof, is from about 35:1 to about 5:1. In 

another aspect, the weight percent of atrasentan, or pharmaceutically acceptable salt 

thereof, in this dosage form is from about 0.3 weight percent to about 0.8 weight percent 

on an atrasentan free base equivalent weight basis. In another aspect, this dosage form 

comprises from about 0.40 mg to about 0.85 mg of atrasentan, or an equivalent amount 

of a pharmaceutically acceptable salt thereof. 

[0103] In another embodiment, the dosage form comprises a pharmaceutically 

acceptable polymeric binder selected from the group consisting of 

hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylcellulose; the dosage form comprises from about 0.05 weight percent to 

about 1.0 weight percent of the L-cysteine, or pharmaceutically acceptable salt or ester 

thereof; and the dosage form comprises from about 1.0 weight percent to about 10.0 

weight percent of the binder. In one aspect, this dosage form further comprises a 

disintegrant and the weight percent of the disintegrant in the dosage form is from about 

1.0 weight percent to about 10.0 weight percent. In another aspect, the weight percent of 

atrasentan, or pharmaceutically acceptable salt thereof, in this dosage form is from about 

0.1 weight percent to about 2.0 weight percent on an atrasentan free base equivalent 

weight basis. In another aspect, this dosage form comprises from about 0.40 mg to about 

0.85 mg of atrasentan, or an equivalent amount of a pharmaceutically acceptable salt 

thereof. 

[0104] In another embodiment, the dosage form comprises a pharmaceutically 

acceptable polymeric binder selected from the group consisting of 

hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylcellulose; the dosage form comprises from about 0.07 weight percent to 

about 0.70 weight percent of the L-cysteine, or pharmaceutically acceptable salt or ester 

thereof; and the dosage form comprises from about 1.0 weight percent to about 8.0 

weight percent of the binder. In one aspect, this dosage form further comprises a 

disintegrant and the weight percent of the disintegrant in the dosage form is from about 

1.0 weight pcrccnt to about 6.0 weight percent. In another aspect, the weight percent of 

atrasentan, or pharmaceutically acceptable salt thereof, in this dosage form is from about 



WO 2015/006219 PCT/US2014/045581 

35 

0.2 weight percent to about 1,0 weight percent on an atrasentan free base equivalent 

weight basis. In another aspect, this dosage form comprises from about 0.40 mg to about 

0.85 mg of atrasentan, or an equivalent amount of a pharmaceutically acceptable salt 

thereof. 

[0105] In another embodiment, the dosage form comprises a pharmaceutically 

acceptable polymeric binder selected from the group consisting of 

hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylcellulose; the dosage form comprises from about 0.09 weight percent to 

about 0.80 weight percent of the L-cysteine, or pharmaceutically acceptable salt or ester 

thereof; and the dosage form comprises from about 1.0 weight percent to about 5.0 

weight percent of the binder. In one aspect, this dosage form further comprises a 

disintegrant and the weight percent of the disintegrant in the dosage form is from about 

1.0 weight percent to about 4.0 weight percent. In another aspect, the weight percent of 

atrasentan, or pharmaceutically acceptable salt thereof, in this dosage form is from about 

0.3 weight percent to about 0.8 weight percent on an atrasentan free base equivalent 

weight basis. In another aspect, this dosage form comprises from about 0.40 mg to about 

0.85 mg of atrasentan, or an equivalent amount of a pharmaceutically acceptable salt 

thereof. 

[0106] In another embodiment, the dosage form comprises: 

(a) about 0.1 weight percent to about 2.0 weight percent of atrasentan, or 

pharmaccutically acceptable salt thereof, on an atrasentan free base equivalent weight 

basis; 

(b) about 0.05 weight percent to about 1.0 weight percent of the L-cysteine, 

or pharmaceutically acceptable salt or ester thereof; 

(c) about 75 weight percent to about 99 weight percent of the diluent; 

(d) about 1.0 weight percent to about 10.0 weight percent of the binder; 

(e) optionally, about 1.0 weight percent to about 10.0 weight percent of a 

pharmaceutically acceptable disintegrant; 
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(f) optionally, about 0 weight percent to about 1.5 weight percent of a 

pharmaceutically acceptable glidant; and 

(g) optionally, about 0 weight percent to about 5.0 weight percent of a 

pharmaceutically acceptable lubricant; 

wherein the cumulative weight percent for all components of the dosage form 

equals 100 percent. 

[0107] In another embodiment, the dosage form comprises: 

(a) about 0.1 weight percent to about 2.0 weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, on an atrasentan free base equivalent weight 

basis; 

(b) about 0.05 weight percent to about 1.0 weight percent of the L-cysteine, 

or pharmaceutically acceptable salt or ester thereof; 

(c) about 75 weight percent to about 99 weight percent of the diluent; 

(d) about 1.0 weight percent to about 10.0 weight percent of the binder; 

(e) about 1.0 weight percent to about 10.0 weight percent of a 

pharmaceutically acceptable disintegrant: 

(f) optionally, about 0 weight percent to about 1.5 weight percent of a 

pharmaceutically acceptable glidant; and 

(g) optionally, about 0 weight percent to about 5.0 weight percent of a 

pharmaceutically acceptable lubricant; 

wherein the cumulative weight percent for all components of the dosage form 

equals 100 percent. 

[0108] In another embodiment, the dosage form comprises: 

(a) about 0.2 weight percent to about 1.0 weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, on an atrasentan free base equivalent weight 

basis; 
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(b) about 0.07 weight percent to about 0.70 weight percent of the L-cysteine, 

or pharmaceutically acceptable salt or ester thereof; 

(c) about 82 weight percent to about 99 weight percent of the diluent; 

(d) about 1.0 weight percent to about 8.0 weight percent of the binder; 

(e) optionally, about 1.0 weight percent to about 6.0 weight percent of a 

pharmaceutically acceptable disintegrant; 

(f) optionally, about 0 weight percent to about 1.0 weight percent of a 

pharmaccutically acceptable glidant; and 

(g) optionally, about 0 weight percent to about 3.0 weight percent of a 

pharmaceutically acceptable lubricant; 

wherein the cumulative weight percent for all components of the dosage form 

equals 100 percent. 

[0109] In another embodiment, the dosage form comprises; 

(a) about 0.2 weight percent to about 1.0 weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, on an atrasentan free base equivalent weight 

basis; 

(b) about 0.07 weight percent to about 0.70 weight percent of the L-cysteine, 

or pharmaceutically acceptable salt or ester thereof; 

(c) about 82 weight percent to about 99 weight percent of the diluent; 

(d) about 1.0 weight percent to about 8.0 weight percent of the binder; 

(e) about 1.0 weight percent to about 6.0 weight percent of a 

pharmaceuticaliy acceptable disintegrant; 

(f) optionally, about 0 weight percent to about 1.0 weight percent of a. 

pharmaceutically acceptable glidant; and 

(g) optionally, about 0 weight percent to about 3.0 weight percent of a 

pharmaceutically acceptable lubricant; 
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wherein the cumulative weight percent for all components of the dosage form 

equals 100 percent. 

[0110] In another embodiment, the dosage form comprises: 

(a) about 0.3 weight percent to about 0.8 weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, on an atrasentan free base equivalent weight 

basis; 

(b) about 0.09 weight percent to about 0.50 weight percent of the L-cysteine, 

or pharmaceutically acceptable salt or ester thereof; 

(c) about 87 weight percent to about 99 weight percent of the diluent; 

(d) about 1.0 weight percent to about 5.0 weight percent of the binder; 

(e) optionally, about 1.0 weight percent to about 4.0 weight percent of a 

pharmaceutically acceptable disintegrant; 

(f) optionally, about 0 weight percent to about 0.75 weight percent of a 

pharmaceutically acceptable glidant; and 

(g) optionally, about 0 weight percent to about 2.0 weight percent of a 

pharmaceutically acceptable lubricant; 

wherein the cumulative weight percent for all components of the dosage form 

equals 100 percent. 

[0111] In another embodiment, the dosage form comprises: 

(a) about 0.3 weight percent to about 0.8 weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, on an atrasentan free base equivalent weight 

basis; 

(b) about 0.09 weight percent to about 0.50 weight percent of the L-cysteine, 

or pharmaceutically acceptable salt or ester thereof; 

(c) about 87 weight percent to about 99 weight percent of the diluent; 

(d) about 1.0 weight percent to about 5.0 weight percent of the binder; 
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(e) about 1.0 weight percent to about 4.0 weight percent of a 

pharmaceutically acceptable disintegrant; 

(f) optionally, about 0 weight percent to about 0.75 weight percent of a 

pharmaceutically acceptable glidant; and 

(g) optionally , about 0 weight percent to about 2.0 weight percent of a 

pharmaceutically acceptable lubricant; 

wherein the cumulative weight percent for all components of the dosage form 

equals 100 percent. 

[0112] In another embodiment, the dosage form satisfies one or more of the following 

conditions: 

(a) the diluent is lactose; 

(b) the dosage form comprises a pharmaceutically acceptable binder and the 

binder is hydroxypropyl methylcellulose; 

(c) the dosage form comprises a pharmaceutically acceptable disintegrant and 

the disintegrant is crospovidone; 

(d) the dosage form comprises a pharmaceutically acceptable glidant and the 

glidant is silicon dioxide; 

(e) the dosage form comprises a pharmaceutically acceptable lubricant and 

the lubricant is glyceryl behenate. 

[0113] In another embodiment, the dosage form is a tablet. In one aspect, the tablet 

has a weight from about 37.5 mg to about 1500 mg. In another aspect, the tablet has a 

weight from about 50 mg to about 750 mg. In another aspect, the tablet has a weight 

from about 50 mg to about 250 mg. In another aspect, the tablet has a weight from about 

75 mg to about 500 mg. In another aspect, the tablet has a weight from about 75 mg to 

about 150 mg. In another aspect, the tablet has a weight from about 100 mg to about 250 

mg. In another aspect, the tablet has a weight from about 100 mg to about 230 mg. 

[0114] In general, the tablet optionally can be surrounded or coated with at least one 

non-rate-controlling layer. The non-rate-controlling layer can be formed as a single 
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layer, coating or membrane or a plurality of single layers, coatings or membranes. The 

functions of the non-rate-controlling layer can include, for example, providing further 

stability for the atrasentan, serving as a process aid and/or as a cosmetic enhancement for 

the formulation, and/or acting as a masking agent to reduce any undesired odor 

associated with the formulation (such as the odor commonly associated with L-cysteine). 

[0115] When the dosage form comprises a non-rate-controlling layer, the non-rate-

controlling layer can be made of one or more polymers, as well as, other ingredients 

known in the art, such as, but not limited to, plasticizers, pigments/opacifiers, waxes, etc. 

Examples of polymers that can be used include, but are not limited to, hydroxypropyl 

methylcellulose, hydroxypropyl cellulose, methylcellulose, polyvinyl alcohol and 

polyethylene glycol. Examples of plasticizers that can be used include, but are not 

limited to, polyethylene glycol(s), glycerin, triacetin, triethyl citrate, diethyl phthalate, L-

cysteine, and mineral oils. Examples of pigments/opacifiers that can be used include, but 

are not limited to, water soluble dyes (for example, sunset yellow, quinoline yellow, 

erythrosine, and tartrazine), pigments (for example, aluminum lakes, titanium oxides, 

iron oxides and talc), and natural products (for example, riboflavin, carotenoids, 

chlorophyll, anthocyanins, and carmine). An example of a wax that can be used 

includes, but is not limited to, a paraffin wax. 

[0116] In another embodiment, the dosage form is atablet coated with a 

pharmaceutically acceptable polymer. 

[0117] In another embodiment, the dosage form is a capsule. 

[0118] In another embodiment, the dosage form is packaged in a semi-permeable 

container. In one aspect, the semi-permeable container is a blister pack. 

[0119] In another embodiment, the dosage form is packaged in a substantially 

impermeable container. 

[0120] In another embodiment, the dosage form is an immediate release dosage form. 

In one aspect, the dosage form is an immediate release tablet and releases at least about 

85% of the atrasentan, or pharmaceutically acccptable salt thereof, within about 45 
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minutes as determined in an in vitro dissolution test conducted using a USP Dissolution 

Apparatus 2 (Paddle Apparatus), a 0.01N hydrochloric acid dissolution medium, and a 

paddle rotation of 50 RPM. In another aspect, the dosage form is an immediate release 

tablet and releases at least about 75% of the atrasentan, or pharmaceutically acceptable 

salt thereof, within about 30 minutes. 

[0121] In another embodiment, the dosage form comprises less than about 1.0 weight 

percent of total impurities resulting from degradation of the atrasentan, or 

pharmaceutically acceptable salt thereof, after a storage period of six months at about 

40°C and about 75% relative humidity. In one aspect, degradation of the atrasentan, or 

pharmaceutically acceptable salt thereof, is analyzed using high-performance liquid 

chromatography. 

[0122] In another embodiment, the dosage form comprises less than about 0.6 weight 

percent of any single impurity resulting from degradation of the atrasentan, or 

pharmaceutically acceptable salt thereof, after a storage period of six months at about 

40°C and about 75% relative humidity. In one aspect, degradation of the atrasentan, or 

pharmaceutically acceptable salt thereof, is analyzed using high-performance liquid 

chromatography. 

[0123] In another embodiment, the dosage form comprises less than about 1.0 weight 

percent of total impurities and less than about 0.6 weight percent of any single impurity 

resulting from degradation of the atrasentan, or pharmaceutically acceptable salt thereof, 

after a storage period of six months at about 40°C and about 75% relative humidity. In 

one aspect, degradation of the atrasentan, or pharmaceutically acceptable salt thereof, is 

analyzed using high-performance liquid chromatography. 

Hi- Methods of Treatment 

[0124] The present disclosure also relates to methods of treating a condition in a 

subject, particularly a human subject suffering from or susceptible to the condition, 

comprising administering once daily to the subject a stable solid pharmaceutical dosage 

form comprising atrasentan, or a pharmaceutically acceptable salt thereof, as described in 

any of the embodiments of the disclosure. 
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[0125] In one embodiment, the present disclosure relates to methods of treating 

nephropathy in a human subject suffering from or susceptible to nephropathy comprising 

administering once daily to the subject a stable solid pharmaceutical dosage form 

comprising atrasentan, or a pharmaceutically acceptable salt thereof, as described in any 

of the embodiments of the disclosure. In a further aspect, the nephropathy treated is 

diabetic nephropathy. In a further aspect, the subject selected for treatment is suffering 

from diabetic nephropathy. In a further aspect, the subject selected for treatment is 

suffering from type 2 diabetes mellitus. In a further aspect, the subject selected for 

treatment is suffering from one or more of the following conditions: (a) diabetic 

nephropathy; (b) type 2 diabetes; (c) Stage 3 chronic kidney disease, Stage 4 chronic 

kidney disease, or end stage renal disease; (d) a urinary-albumin-to-creatinine ratio 

greater than about 30 mg/g (i.e., the subject is suffering from microalbuminuria); (c) a 

urinary-albumin-to-creatinine ratio greater than about 300 mg/g {i.e., the subject is 

suffering from macroalbuminuria); and/or (f) an estimated glomerular filtration rate from 

about 25 ml/'min/1.73m2 to about 59 ml/min/1.73m2. In a further aspect, the subject is 

also administered a second therapeutic agent that inhibits one or more elements of the 

renin-angiotensin-aldosterone system. In a further aspect, the second therapeutic agent 

that inhibits one or more elements of the renin-angiotensin-aldosterone system is selected 

from the group consisting of diuretics, angiotensin converting enzyme inhibitors, 

angiotensin II receptor blockers, calcium channel blockers, renin inhibitors, and 

aldosterone antagonists. In a further aspect, the second therapeutic agent that inhibits 

one or more elements of the renin-angiotensin-aldosterone system is selected from the 

group consisting of angiotensin converting enzyme inhibitors and angiotensin II receptor 

blockers. 

[0126] In another embodiment, the present disclosure relates to methods of treating 

chronic kidney disease in a human subject suffering from or susceptible to chronic 

kidney disease comprising administering once daily to the subject a stable solid 

pharmaceutical dosage form comprising atrasentan, or a pharmaceutically acceptable salt 

thereof, as described in any of the embodiments of the disclosure. In a further aspect, the 

chronic kidney disease is Stage 3 or Stage 4 chronic kidney disease. In a further aspect, 

the chronic kidney disease is end stage renal disease. In a further aspect, the treatment 
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delays progression of chronic kidney disease in the subject. In a further aspect, the 

treatment delays progression of end stage renal disease in the subject. In a further aspect, 

the subject selected for treatment is suffering from diabetic nephropathy. In a further 

aspect, the subject selected for treatment is suffering from type 2 diabetes mellitus. In a 

further aspect, the subject selected for treatment is suffering from Stage 3 or Stage 4 

chronic kidney disease. In a further aspect, the subject selected for treatment is suffering 

from end stage renal disease. In a further aspect, the subject selected for treatment is 

suffering from one or more of the following conditions: (a) diabetic nephropathy; (b) 

type 2 diabetes; (c) Stage 3 chronic kidney disease, Stage 4 chronic kidney disease, or 

end stage renal disease; (d) a urinary-albumin-to-creatinine ratio greater than about 30 

mg/g; (e) a urinary-albumin-to-creatinine ratio greater than about 300 mg/g; and/or (f) an 

estimated glomerular filtration rate from about 25 ml/min/1.73m2 to about 59 

ml/min/i.73m2. In a further aspect, the subject is also administered a second therapeutic 

agent that inhibits one or more elements of the renin-angiotensin-aldosterone system. In 

a further aspect, the second therapeutic agent that inhibits one or more elements of the 

renin-angiotensin-aldosterone system is selected from the group consisting of diuretics, 

angiotensin converting enzyme inhibitors, angiotensin II receptor blockers, calcium 

channel blockers, renin inhibitors, and aldosterone antagonists. In a further aspect, the 

second therapeutic agent that inhibits one or more elements of the renin-angiotensin-

aldosterone system is selected from the group consisting of angiotensin converting 

enzyme inhibitors and angiotensin II receptor blockers. 

[0127] hi another embodiment, the present disclosure relates to methods of reducing 

the urinary-albumin-to-creatinine ratio in a human subject suffering from or susceptible 

chronic kidney disease comprising administering once daily to the subject a stable solid 

pharmaceutical dosage form comprising atrasentan, or a pharmaceutically acceptable salt 

thereof, as described in any of the embodiments of the disclosure. 

[0128] hi another embodiment, the present disclosure relates to methods of reducing 

the rate of increase in serum creatinine concentration in a human subject suffering from 

or susceptible to chronic kidney disease comprising administering once daily to the 

subject a stable solid pharmaceutical dosage form comprising atrasentan, or a 
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pharmaceutically acceptable salt thereof, as described in any of the embodiments of the 

disclosure. 

[0129] In another embodiment, the present disclosure relates to the use of a stable 

solid pharmaceutical dosage form comprising atrasentan, or a pharmaceutically 

acceptable salt thereof, for treating a condition as described in the various embodiments 

of the disclosure. 

TV. Combination Therapy and Fixed-Dose Combinations 

[0130] The methods of the present disclosure also contemplate treatments comprising 

administering a stable solid pharmaceutical dosage form comprising atrasentan, or a 

pharmaceutically acceptable salt thereof, as described in any of the embodiments of the 

disclosure in combination with one or more additional therapeutic agents (such as an 

inhibitor of one or more elements of the renin-angiotensin-aldosterone system as 

previously discussed above). Accordingly, the dosage forms of the present disclosure 

can be administered alone or in combination with one or more additional therapeutic 

agents. When administered in combination with one or more additional therapeutic 

agents, separate dosage forms can be administered to the subject or a single dosage form 

comprising both atrasentan, or a pharmaceutically acceptable salt thereof, and the 

additional therapeutic agent(s) can be administered to the subject. If administered as a 

separate dosage form, the additional therapeutic agent may be administered 

simultaneously with the atrasentan dosage form of the present disclosure or sequentially 

with the atrasentan dosage form of the present disclosure. 

[0131] Representative additional therapeutic agents include, for example, diuretics, 

antihypertensive agents, therapeutic agents for diabetes or diabetic complications, and 

therapeutic agents for hyperlipidemia. 

[0132] In one embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more diuretics such as hydroclorothiazide (such as 

M1CROZIDE™ or ORETIC™), hydroflumethiazide (such as SALURON™), 

bemetanide (such as BUMEX™), torsemide (such as DEMADEX™), metolazone (such 

as ZAROXOLYN™), chlorothiazide (such as DIURIL™, ESIDRIX™ or 



WO 2015/006219 PCT/US2014/045581 

45 

H'YDRODIURIL™), triamterene (such as DYRENIUM™), ethacrynic acid (such as 

EPECRIN™), chlorthalidone (such as HYGROTON™), furosemide (such as 

LASIX™), indapamide (such as LOZOL™), or amiloride (such as MID AMOR™ or 

MODURET1C™). 

[0133] In another embodiment, the dosage forms of the present disclosure may be co­

administered with one or more angiotensin converting enzyme (ACE) inhibitors such as 

quinapril (such as ACCUPRIL™), perindopril (such as ACEON™), captopril (such as 

CAPOTEN™), enalapril (such as VASOTEC™"), ENALAPRILAT™, ramipril (such as 

ALTACE™), cilazapril, delapril, fosenopril (such as MONOPRIL™), zofenoprii, 

indolapril, benazepril (such as LOTENSIN™), lisinopril (such as PRINIVIL™ or 

ZESTRIL™), spirapril, trandolapril (such as MAVIK™), perindep, pentopril, moexipril 

(such as UNIVASC™), or pivopril. 

[0134] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more angiotensin II receptor blockers such as candesartan 

(such as ATACAND™), eprosartan (such as TEVETEN™), irbesartan (such as 

AVEPRO™), losartan (such as COZAAR™), olmesartan, olmesartan medoxomil (such 

as BENICAR™), tasosartan, telmisartan (such as MICARDIS™), valsartan (such as 

DJOVAN™), zolasartan, F1-6828K, RNH-6270, UR-7198, Way-126227, KRH-594, 

TAK-536, BRA-657, or TA-606. 

[0135] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more calcium channel blockers such as nifedipine (such as 

APALAT™, ADALAT CC™, or PROCARDIA™), verapamil (such as GALAN™, 

COVERA-HS™, ISOPTIN SR™, or VERELAN™), diltiazem (such as CARDIZEM™, 

CARDIZEM CD™, CARDIZEM LA™, CARDIZEM SR™, DILACOR™, 

TIAMATE™, or TIAZAC™), isradipine (such as DYNACIRC™ or DYNACIRC 

CR™), amlodipine (such as NORVASC™), felodipine (such as PLENDIL™), 

nisoldipine (such as SI3LAR™), bepridil (such as VASCOR™), vatanidipine, 

clevidipine, lercanidipine, or dilitiazem. 
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[0136] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more renin inhibitors such as aliskiren (such as 

TEKTURNA™). 

[0137] In another embodiment, the dosage forms of the present disclosure ma}' be 

co-administered with one or more aldosterone receptor antagonists such as eplerenone 

(such as INSPRA™) or spironolactone (such as ALDACTONE™). 

[0138] In another embodiment, the dosage forms of the present disclosure may be 

co-administcred with one or more alpha blockers such as dozazosin (such as 

CARDURA™), phenoxybenzamine (such as D1BENZYLINE™), terazosin (such as 

HYTRIN™), CDRI-93/478, orCR-2991. 

[0139] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more beta blockers such as timolol (such as 

BLOCARDEN™), carteoiol (such as CARTROL™), carvedilol (such as COREG™), 

nadolol (such as CORGARD™), propranolol (such as INNOPRAN XL™), betaxolol 

(such as KERLONE™), penbutolol (such as LEVATOL™), metoprolol (such as 

LOPRESSOR™ or TOPROL-XL™), atenolol (such as TENORMIN™), pindolol (such 

as VISKEN™), or bisoprolol. 

[0140] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more alpha-beta blockers such as labetalol (such as 
NORMODYNE™ or TRANDATE™). 

[0141] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more central antiadrenergics such as methyldopa (such as 

ALDOMET™), clonidine (such as CATAPRES™ or CATAPRES-TTS™), guanfacine 

(such as TENEX™), or guanabenz (such as WYTENSIN™). 

[0142] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more glycosides/inotropic agents such as digoxin (such as 

LANOXIN™). 
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[0143] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more alpha glucosidase inhibitors, such as miglitol (such as 

GLYSET™) or acarbose (such as PRECOSE™). 

[0144] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more biguanides, such as roseiglitazone (such as 

AVANDAMET™) or metformin (such as GLUCGPHAGE™ or GLUCOPHAGE 

XR™). 

[0145] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more insulins, such as HUMALOG™, HUMALOG 

50/50*™, HUMALOG 75/25™, HUMULIN 50/50™, HUMALIN 75/25™, HUMALIN 

L™, HUMALIN N™, HUMALIN R™, HUMALIN R U-500™, HUMALIN U™, 

ILET1N II LENTE™, ILETIN IINPH™, ILETIN II REGULAR™, LANTUS™, 

NOVOLIN 70/30™, NOVILIN N™, NOVILIN R™, NOVOLOG™, or VELOSULIN 

BR™, and EXUBERATM. 

[0146] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more meglitnides, such as repaglinide (such as 

PRANDIN™) or nateglinide (such as STARLIX™). 

[0147] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more sulfonylureas, such as glimepiride (such as 

AMARYL™), glyburide (such as DIABETA™, GLYNASE PRESTAB™ or 

MICRONASE™), or glipizide (such as GLUCOTROL™, or GLUCOTROL XL™). 

[0148] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more thiazolidinediones, such as pioglitazone (such as 

ACTQS™) or rosiglitazone (such as AVANDIA™). 

[0149] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with niacin or one or more nicotinic acid derivatives, such as 
NIACOR™, NIASPAN™, NICOLAR™, or SLO-NIACIN™ 
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[0150] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more fibric acid derivatives, such as clofibrate (such as 

ATROMID" S™), gemfibrozil (such as LOPED™), or fenofibrate (such as TRICOR™). 

[015 3] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more bile acid sequestants, such as colestipol (such as 

COLESTI."D™X cholestyramine (such as LOCHOLEST™, PREVALITE™, 

QUESTRAN™, or QUESTRAN LIGHT™), or colesevelam (such as WELCHOL™). 

[0152] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more cholesterol absorption inhibitors, such as ezetimibe 

(such as ZETIA™). 

[0153] In another embodiment, the dosage forms of the present disclosure may be 

co-administered with one or more 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) 

reductase inhibitors (statins) such as fluvastatin (such as LESCOL™), atorvastatin (such 

as LIPITOR™), lovastatin (such as ALTOCOR™ or MEVACOR™), pravastatin (such 

as PRAVACHOL™), rosuvastatin (such as CRESTOR™), or simvastatin (such as 
ZOCOR™). 

[0154] in another embodiment, the present disclosure relates to the use of a first 

dosage form in combination with a second dosage form for treating a condition as 

described in the various embodiments of the disclosure, wherein the first dosage form is 

a stable solid pharmaceutical dosage form comprising atrasentan, or a pharmaceutically 

acceptable salt thereof, as described in any of the embodiments of the disclosure, and the 

second dosage form comprises a second therapeutic agent. 

[0155] In another embodiment, the present disclosure relates to the use of a stable 

solid pharmaceutical dosage form comprising atrasentan, or a pharmaceutically 

acceptable salt thereof, for treating a condition as described in the various embodiments 

of the disclosure, wherein the dosage form further comprises a second therapeutic agent. 

[0156] In another embodiment, the present disclosure relates to a stable solid 

pharmaceutical dosage form comprising atrasentan, or a pharmaceutically acceptable salt 
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thereof, and further comprising a second therapeutic agent. In one aspect, the second 

therapeutic agent inhibits one or more elements of the renin-angiotensin-aidosterone 

system. In a further aspect, the second therapeutic agent is selected from the group 

consisting of diuretics, angiotensin converting enzyme inhibitors, angiotensin II receptor 

blockers, calcium channel blockers, renin inhibitors, and aldosterone antagonists. In a 

further aspect, the second therapeutic agent is selected from the group consisting of 

angiotensin converting enzyme inhibitors and angiotensin II receptor blockers. In a 

further aspect, the second therapeutic agent is an angiotensin converting enzyme 

inhibitor. In a further aspect, the second therapeutic agent is an angiotensin II receptor 

blocker. 

V. Kits 

[0157] The present disclosure also relates to kits comprising one or more stable solid 

pharmaceutical dosage forms comprising atrasentan, or a pharmaceutically acceptable 

salt thereof, as described in any of the embodiments of the disclosure. The kit optionally 

can comprise one or more additional therapeutic agents and/or instructions, for example, 

instructions for using the kit. 

[0158] In one embodiment, the kit comprises a semi-permeable container containing 

one or more stable solid pharmaceutical dosage forms comprising atrasentan, or a 

pharmaceutically acceptable salt thereof, as described in any of the embodiments of the 

disclosure. In one aspect, the semi-permeable container is a blister pack. 

[0159] In another embodiment, the kit comprises a substantially impermeable 

container containing one or more stable solid pharmaceutical dosage forms comprising 

atrasentan, or a pharmaceutically acceptable salt thereof, as described in any of the 

embodiments of the disclosure. 

[0160] hi another embodiment, the kit comprises a first dosage form and a second 

dosage form, wherein the first dosage form is a stable solid pharmaceutical dosage form 

comprising atrasentan, or a pharmaceutically acceptable salt thereof, as described in any 

of the embodiments of the disclosure, and the second dosage form comprises a second 

therapeutic agent. In a further aspect, the second therapeutic agent is selected from the 
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group consisting of diuretics, angiotensin converting enzyme inhibitors, angiotensin II 

receptor blockers, calcium channel blockers, renin inhibitors, and aldosterone 

antagonists. In a further aspect, the second therapeutic agent is selected from the group 

consisting of angiotensin converting enzyme inhibitors and angiotensin II receptor 

blockers. In a further aspect, the second therapeutic agent is an angiotensin converting 

enzyme inhibitor. In a further aspect, the second therapeutic agent is an. angiotensin II 

receptor blocker. In a further aspect, the kit comprises a semi-permeable container 

containing the first dosage form and the second dosage form. In a further aspect, the kit 

comprises a blister pack containing the first dosage form and the second dosage form. In 

a further aspect, the kit comprises an impermeable container containing the first dosage 

form and the second dosage form. 

VI. Methods of Preparation 

[0161] The present disclosure also relates to methods for preparing a stable solid 

pharmaceutical dosage form comprising about 0.25 mg to about 1.25 mg of atrasentan, 

or pharmaceutically acceptable salt thereof, as described in any of the embodiments of 

the disclosure. In general, these dosage forms can be prepared using conventional 

techniques known in the art such as, but not limited to, direct blending, diy granulation 

(roller compaction), wet granulation (high shear granulation), milling or sieving, drying 

(if wet granulation is used), compression, and, optionally, coating. It is believed, 

however, that dosage form stability improves when the low dose of atrasentan, or 

pharmaceutically acceptable salt thereof, is first combined with at least a portion of a 

pharmaceutically acceptable polymeric binder to form a first mixture and the first 

mixture is then blended with the remaining components during the preparation of the 

dosage form. It is further believed that it is additionally advantageous to include a 

pharmaceutically acceptable anti-oxidant as one of the components during the 

preparation of the dosage form. 

A. Pre-Treatment of Atrasentan with HPMC 

[0162] In one embodiment, the present disclosure relates to methods for the 

preparation of a stable solid pharmaceutical dosage form comprising about 0.25 mg to 
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about 1.25 mg of atrasentan, or pharmaceutically acceptable salt thereof, as described in 

any of the embodiments of the disclosure; wherein the method comprises: 

(a) combining the atrasentan, or a pharmaceutically acceptable salt thereof, 

with at least a portion of a pharmaceutically acceptable polymeric binder to form a first 

mixture; 

(b) blending the first mixture with a pharmaceutically acceptable diluent to 

form a second mixture; and 

(c) encapsulating or tableting the second mixture to yield the dosage form. 

[0163] In one aspect, the first mixture is a liquid mixture. In another aspect, the first 

mixture is a liquid mixture, the blending step comprises wet granulation, and the first 

mixture is used as a granulating agent. In another aspect, the first mixture is a dry 

mixture. In another aspect, the first mixture is a dry mixture and the first mixture is 

compressed before it is blended with the diluent. 

[0164] In another embodiment, the present disclosure relates to methods for the 

preparation of a stable solid pharmaceutical dosage form as described in any of the 

embodiments of the disclosure; wherein the dosage form comprises about 0.25 mgto 

about 1.25 mg of atrasentan, or pharmaceutically acceptable salt thereof; a 

pharmaceutically acceptable anti-oxidant; a pharmaceutically acceptable diluent; and a 

pharmaceutically acceptable polymeric binder selected from the group consisting of 

hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylcellulose; and wherein the method comprises: 

(a) combining the atrasentan, or a pharmaceutically acceptable salt thereof, 

with at least a portion of the polymeric binder to form a first mixture; 

(b) blending the first mixture with the diluent to form a second mixture; and 

(c) encapsulating or tableting the second mixture to yield the dosage form. 

[0165] In one aspect, the polymeric binder is hydroxypropyl methylcellulose. In 

another aspect, the polymeric binder is hydroxypropylethylcellulose. In another aspect, 

the polymeric binder is hydroxypropylcellulose. In another aspect, the weight percent of 
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the polymeric binder in the dosage form is from about 1.0 weight percent to about 10.0 

weight percent. In another aspect, the first mixture is a liquid mixture. In another aspect, 

the first mixture is a liquid mixture, the blending step comprises wet granulation, and the 

first mixture is used as a granulating agent. In another aspect, the first mixture is a dry 

mixture. In another aspect, the first mixture is a dry mixture and the first mixture is 

compressed before it is blended with the diluent. 

[0166] Where the first mixture is a liquid mixture, the liquid mixture comprises a 

pharmaceutically acceptable liquid such as water. In one aspect, the first mixture is an 

aqueous mixture. In another aspect, the first mixture is an aqueous suspension of 

atrasentan, or a pharmaceutically acceptable salt thereof. In another aspect, the first 

mixture is an aqueous solution of atrasentan, or a pharmaceutically acceptable salt 

thereof. In another aspect, the first mixture is an aqueous mixture, the blending step 

comprises wet granulation, and the first mixture is used as a granulating agent. In 

another aspect of the various embodiments employing wet granulation, a first portion of 

the polymeric binder is combined with the atrasentan, or a pharmaceutically acceptable 

salt thereof, to prepare the first mixture, and a second portion of the polymeric binder is 

added to the granulation bowl used to prepare the second mixture. 

[0167] In one embodiment, the liquid mixture has a viscosity that is sufficient to 

maintain the atrasentan, or pharmaceutically acceptable salt thereof, in suspension. 

[0168] In another embodiment, the atrasentan, or pharmaceutically acceptable salt 

thereof, is dissolved in the liquid mixture. 

[0169] In another embodiment, the weight percent of the polymeric binder in the 

liquid mixture is from about 0.5 weight percent to about 15.0 weight percent. In another 

aspect, the weight percent of the polymeric binder is from about 0.5 weight percent to 

about 12.0 weight percent. In another aspect, the weight percent of the polymeric binder 

is from about 0.5 weight percent to about 10.0 weight percent. 

[0170] In another embodiment, the weight percent of the atrasentan, or 

pharmaceutically acceptable salt thereof, in the liquid mixture is from about 2.0 weight 

percent to about 12.0 weight percent. In another aspect, the weight percent of atrasentan, 
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or pharmaceutically acceptable salt thereof, is from about 3.0 weight percent to about 

10.0 weight percent. In another aspect, the weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, is from about 4.0 weight percent to about 8.0 

weight percent. 

[0171] In another embodiment, the weight to weight ratio of the polymeric binder to 

atrasentan, or a pharmaceutically acceptable salt thereof, in the liquid mixture is from 

about 5:1 to about 1:5. In one aspect, the weight to weight ratio of the polymeric binder 

to atrasentan, or a pharmaceutically acceptable salt thereof, is from about 3.5:1 to about 

1:3.5. In another aspect, the weight to weight ratio of the polymeric binder to atrasentan, 

or a pharmaceutically acceptable salt thereof, in the first mixture is from about 1:2 to 

about 2:1. 

[0172] In another embodiment, at least two of the following conditions are satisfied: 

(a) the weight percent of the polymeric binder in the liquid mixture is from about 0.5 

weight percent to about 15.0 weight percent; (b) the weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, in the first mixture is from about 2.0 weight 

percent to about 12.0 weight percent; and/or (c) the weight to weight ratio of the 

polymeric binder to atrasentan, or a pharmaceutically acceptable salt thereof, in the first 

mixture is from about 5:1 to about 1:5 on an atrasentan free base equivalent weight basis. 

In one aspect, at least two of the following conditions are satisfied: (a) the weight 

percent of the polymeric binder in the liquid mixture is from about 0.5 weight percent to 

about 12.0 weight percent; (b) the weight percent of atrasentan, or pharmaceutically 

acceptable salt thereof, in the first mixture is from about 3.0 weight percent to about 10.0 

weight percent; and/or (c) the weight to weight ratio of the polymeric binder to 

atrasentan, or a pharmaceutically acceptable salt thereof, in the first, mixture is from 

about 3.5:1 to about 1:3.5 on an atrasentan free base equivalent weight basis. In another 

aspect, at least two of the following conditions are satisfied: (a) the weight percent of the 

polymeric binder in the liquid mixture is from about 0.5 weight percent to about 10.0 

weight percent; (b) the weight percent of atrasentan, or pharmaceutically acceptable salt 

thereof, in the first mixture is from about 4.0 weight percent to about 8.0 weight percent; 

and/or (c) the weight to weight ratio of the polymeric binder to atrasentan, or a 
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pharmaceutically acceptable salt thereof, in the first mixture is from about 1:2 to about 

2:1 on an atrasentan free base equivalent weight basis. 

[0173] In each of the above-discussed methods, the second mixture additionally may 

comprise an anti-oxidant, a disintegrant, a glidant, and/or a lubricant. In one aspect, the 

second mixture comprises an anti-oxidant. In another aspect, the second mixture 

comprises a disintegrant. In another aspect, the second mixture comprises a glidant. In 

another aspect, the second mixture comprises a lubricant. In another aspect, the second 

mixture comprises an anti-oxidant, a disintegrant, a glidant, and a lubricant. In another 

aspect, the anti-oxidant is L-cysteine, or a pharmaceutically acceptable salt or ester 

thereof. In another aspect, the second mixture comprises L-cysteine, or a 

pharmaceutically acceptable salt or ester thereof, a disintegrant, a glidant, and a 

lubricant. 

B. Atrasentan-Coated Tablet 

[0174] The stable solid pharmaceutical dosage form comprising about 0.25 mg to 

about 1.25 mg of atrasentan, or pharmaceutically acceptable salt thereof, as described in 

any of the embodiments of the disclosure also can be prepared as an atrasentan-coated 

tablet (i.e., a tablet coated with atrasentan). In one embodiment, the present disclosure 

relates to methods for the preparation of a stable solid pharmaceutical dosage form 

comprising about 0.25 mg to about 1.25 mg of atrasentan, or pharmaceutically 

acceptable salt thereof, as described in any of the embodiments of the disclosure; 

wherein the method comprises: 

(a) combining the atrasentan, or a pharmaceutically acceptable salt thereof, 

and a pharmaceutically acceptable polymer selected from the group consisting of 

hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylcellulose to form a coating mixture; and 

(b) applying the coating mixture to the surface of a tablet core comprising a 

pharmaceutically acceptable diluent to yield the dosage form. 

[0175] In one aspect, one or both of the following conditions are satisfied: (a) the 

weight percent of atrasentan, or pharmaceutically acceptable salt thereof, in the dosage 
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form is from about 0.05 weight percent to about 2.0 weight percent on an atrasentan free 

base equivalent weight basis; and/or (b) the weight percent of the polymer in the dosage 

form is from about 0.5 weight percent to about 15.0 weight percent. In another aspect, 

the polymer is hydroxypropyl methylcellulose. In another aspect, the polymer is 

hydroxypropylethylcellulose. In another aspect, the polymer is hydroxypropylcellulose. 

[0176] In various additional embodiments, the tablet additionally may comprise an 

anti-oxidant, a disintegrant, a glidant, and/or a lubricant. In one aspect, the tablet 

comprises an anti-oxidant. In another aspect, the tablet comprises a disintegrant. In 

another aspect, the tablet comprises a glidant. In another aspect, the tablet comprises a 

lubricant. In another aspect, the tablet comprises an anti-oxidant, a disintegrant, a 

glidant, and a lubricant. In another aspect, the anti-oxidant is L-cysteine, or a 

pharmaceutically acceptable salt or ester thereof. In another aspect, the tablet comprises 

L-cysteine, or a pharmaceutically acceptable salt or ester thereof, a disintegrant, a 

glidant, and a lubricant. 

[0177] In an alternative embodiment, step (b) of the above-described method instead 

involves applying the coating mixture to the surface of particles (e.g., beads, granules, 

pellets, or the like) comprising a pharmaceutically acceptable diluent, and then 

compressing or encapsulating the coated particles to yield the dosage form. 

VH. Product-Bv-Process 

[0178] The present disclosure also relates to stable solid pharmaceutical dosage forms 

that are prepared in accordance with one of the above-described methods and comprise 

about 0.25 mg to about 1.25 mg of atrasentan, or pharmaceutically acceptable salt 

thereof, as described in any of the embodiments of the disclosure, hi one aspect, the 

dosage form is prepared in accordance with the above-described method in which the 

atrasentan, or pharmaceutically acceptable salt thereof, is pre-treated with the HPMC. In 

another aspect, the dosage form is prepared in accordance with the above-described 

method in which an atrasentan-coated tablet is prepared. 

A. Product-Bv-Process: Pre-Treatment of Atrasentan with HPMC 
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[0179] In one embodiment, the present disclosure relates to a stable solid 

pharmaceutical dosage form comprising about 0.25 mg to about 1.25 mg of atrasentan, 

or a. pharmaceutically acceptable salt thereof, as described in any of the embodiments of 

the disclosure wherein: 

the dosage form comprises a pharmaceutically acceptable polymeric binder 

selected from the group consisting of hydroxymethylpropylcellulose, 

hydroxyethyipropylcellulose, and hydroxypropylcellulose; 

the dosage form is prepared by: 

(a) combining at least a portion of the atrasentan, or a pharmaceutically 

acceptable salt thereof, with at least a portion of the polymeric binder to form a first 

mixture; 

(b) blending the first mixture with the diluent to form a second mixture; and 

(c) encapsulating or tableting the second mixture to yield the dosage form; 

and 

degradation of atrasentan in the dosage form is less than degradation of 

atrasentan in an otherwise identical dosage form lacking the polymeric binder when the 

dosage forms are stored for a storage period of six months at about 40°C and about 75% 

relative humidity. 

In one aspect, the dosage form further comprises a pharmaceutically acceptable anti­

oxidant, and degradation of atrasentan in the dosage form is less than degradation of 

atrasentan in an otherwise identical dosage form lacking the anti-oxidant and the 

polymeric binder when the dosage forms are stored for a storage period of six months at 

about 40°C and about 75% relative humidity. 

[0180] In another embodiment, the polymeric binder is hydroxypropyl 

methylcellulose. In one aspect, the polymeric binder is hydroxypropylethylcellulose. In 

another aspect, the polymeric binder is hydroxypropylcellulose. In another aspect, the 

weight percent of the polymeric binder in the dosage form is from about 1.0 weight 

percent to about 10.0 weight percent. In another aspect, the first mixture is a liquid 

mixture. In another aspect, the first mixture is a liquid mixture, the blending step 
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comprises wet granulation, and the first mixture is used as a granulating agent. In 

another aspect, the first mixture is a dry mixture. In another aspect, the first mixture is a 

dry mixture and the first mixture is compressed before it is blended with the diluent. 

[0181] Where the first mixture is a liquid mixture, the liquid mixture comprises a 

pharmaceutically acceptable liquid such as water. In one aspect, the first mixture is an 

aqueous mixture. In another aspect, the first mixture is an aqueous suspension of 

atrasentan, or a. pharmaceutically acccptablc salt thereof. In another aspect, the first 

mixture is an aqueous solution of atrasentan, or a pharmaceutically acceptable salt 

thereof. In another aspect, the first mixture is an aqueous mixture, the blending step 

comprises wet granulation, and the first mixture is used as a granulating agent. In 

another aspect of embodiments employing wet granulation, a first portion of the 

polymeric binder is combined with the atrasentan, or a pharmaceutically acceptable salt 

thereof, to prepare the first mixture and a second portion of the polymeric binder is 

added to the granulation bowl used to prepare the second mixture. 

[01.82] In one embodiment, the liquid mixture has a viscosity that is sufficient to 

maintain the atrasentan, or pharmaceutically acceptable salt thereof, in suspension. 

[0183] In another embodiment, the atrasentan, or pharmaceutically acceptable salt 

thereof, is dissolved in the liquid mixture. 

[0184] In another embodiment, the weight percent of the polymeric binder in the 

liquid mixture is from about 0.5 weight percent to about 15.0 weight percent In another 

aspect, the weight percent of the polymeric binder is from about 0.5 weight percent to 

about 12.0 weight percent. In another aspect, the weight percent of the polymeric binder 

is from about 0.5 weight percent to about 10.0 weight percent. 

[0185] In another embodiment, the weight percent of the atrasentan, or 

pharmaceutically acceptable salt thereof, in the liquid mixture is from about 2.0 weight 

percent to about 12.0 weight percent. In another aspect, the weight percent of atrasentan, 

or pharmaceutically acceptable salt thereof, is from about 3.0 weight percent to about 

10.0 weight percent. In another aspect, the weight percent of atrasentan, or 
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pharmaceutically acceptable salt thereof, is from about 4.0 weight percent to about 8.0 

weight percent. 

[0186] hi another embodiment, the weight to weight ratio of the polymeric binder to 

atrasentan, or a pharmaceutically acceptable salt thereof, in the liquid mixture is from 

about 5:1 to about 1:5. In one aspect, the weight to weight ratio of the polymeric binder 

to atrasentan, or a pharmaceutically acceptable salt thereof, is from about 3.5:1 to about 

1:3.5. In another aspect, the weight to weight ratio of the polymeric binder to atrasentan, 

or a pharmaceutically acceptable salt thereof, in the first mixture is from about 1:2 to 

about 2:1. 

[0187] In another embodiment, at least two of the following conditions are satisfied: 

(a) the weight percent of the polymeric binder in the liquid mixture is from about 0.5 

weight percent to about 15.0 weight percent; (b) the weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, in the first mixture is from about 2.0 weight 

percent to about 12.0 weight percent; and/or (c) the weight to weight ratio of the 

polymeric binder to atrasentan, or a pharmaceutically acceptable salt thereof, in the first 

mixture is from about 5:1 to about 1:5 on an atrasentan free base equivalent weight basis. 

In one aspect, at least two of the following conditions are satisfied: (a) the weight 

percent of the polymeric binder in the liquid mixture is from about 0.5 weight percent to 

about 12.0 weight percent; (b) the weight percent of atrasentan, or pharmaceutically 

acceptable salt thereof, in the first mixture is from about 3.0 weight percent to about 10.0 

weight percent; and/or (c) the weight to weight ratio of the polymeric binder to 

atrasentan, or a pharmaceutically acceptable salt thereof, in the first mixture is from 

about 3.5:1 to about 1:3.5 on an atrasentan free base equivalent weight basis. In another 

aspect, at least two of the following conditions are satisfied: (a) the weight percent of the 

polymeric binder in the liquid mixture is from about 0.5 weight percent to about 10.0 

weight percent; (b) the weight percent of atrasentan, or pharmaceutically acceptable salt 

thereof, in the first mixture is from about 4.0 weight percent to about 8.0 weight percent; 

and/or (c) the weight to weight ratio of the polymeric binder to atrasentan, or a 

pharmaceutically acceptable salt thereof, in the first mixture is from about 1:2 to about 

2:1 on an atrasentan free base equivalent weight basis. 



[0188] In each of the above-discussed methods, the second mixture additionally may 

comprise an anti-oxidant, a disintegrant, a glidant, and/or a lubricant. In one aspect, the 

second mixture comprises an anti-oxidant. In another aspect, the second mixture 

comprises a disintegrant. In another aspect, the second mixture comprises a glidant. In 

another aspect, the second mixture comprises a lubricant, hi another aspect, the second 

mixture comprises an anti-oxidant, a disintegrant, a glidant, and a lubricant. In another 

aspect, the anti-oxidant is L-cysteine, or a pharmaceutically acceptable salt or ester 

thereof. In another aspect, the second mixture comprises L-cysteine, or a 

pharmaceutically acceptable salt or ester thereof, a disintegrant, a glidant, and a 

lubricant. 

B. Product-Bv-Process: Atrasentan-Coated Tablet 

[0189] In one embodiment, the present disclosure relates to a stable solid 

pharmaceutical dosage form comprising about 0.25 mg to about 1.25 mg of atrasentan, 

or a pharmaceutically acceptable salt thereof, as described in any of the embodiments of 

the disclosure wherein: 

the dosage form is prepared by: 

(a) combining atrasentan, or a pharmaceutically acceptable salt thereof, and a 

pharmaceutically acceptable polymer selected from the group consisting of 

hydroxymethylpropylcellulose. hydroxyethyipropylcellulose, and 

hydroxypropylcellulose to form a coating mixture; and 

(b) applying the coating mixture to the surface of a tablet core comprising a 

pharmaceutically acceptable diluent to yield the dosage form; and 

degradation of atrasentan in the dosage form is less than degradation of 

atrasentan in an otherwise identical dosage form lacking the polymer when the dosage 

forms are stored for a storage period of six months at about 40°C and about 75% relative 

humidity. 

[0190] In another embodiment, one or both of the following conditions are satisfied: 

(a) the weight percent of atrasentan, or pharmaceutically acceptable salt thereof, in the 

dosage form is from about 0.05 weight percent to about 2.0 weight percent on an 
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atrasentan free base equivalent weight basis; and/or (b) the weight percent of the polymer 

in the dosage form is from about 0.5 weight percent to about 15.0 weight percent. In 

another aspect, the polymer is hydroxypropyl methylcellulose. In another aspect, the 

polymer is hydroxypropylethylcellulose. In another aspect, the polymer is 

hydroxypropylcellulose. 

[0191] In various additional embodiments, the tablet additionally may comprise an 

anti-oxidant, a disintegrant, a glidant, and/or a lubricant. In one aspect, the tablet 

comprises an anti-oxidant. In one aspect, the anti-oxidant is L-cysteine, or a 

pharmaceutically acceptable salt or ester thereof. In one aspect, the tablet comprises a 

disintegrant. In another aspect, the tablet comprises a glidant. In another aspect, the 

tablet comprises a lubricant. In another aspect, the tablet comprises an anti-oxidant, a 

disintegrant, a glidant, and a lubricant. 

[0192] In an alternative embodiment, the dosage form is prepared in accordance with 

the above-described method except that step (b) instead involves applying the coating 

mixture to the surface of particles (e.g., beads, granules, pellets, or the like) comprising a 

pharmaceutically acceptable diluent, and then compressing or encapsulating the coated 

particles to yield the dosage form. 

VIII. Examples 

Example 1: Analytical Methods 

A. Atrasentan and Impurities Content 

[0193] High-performance liquid chromatography ("HPLC") was used to determine 

the amount of atrasentan and the amount of impurities (i.e., atrasentan degradation 

products) contained in the tablets analyzed in the stability testing reported in the 

following Examples. Although minor changes were made to the HPLC conditions used 

to determine the amount of atrasentan over the course of stability testing, the changes did 

not materially affect the measured values. Descriptions of the initial and the modified 

HPLC conditions employed to generate data reported in the following Examples are 

provided in Tables 1-A through 1-C. The HPLC conditions used to determine the 

amount of impurities reported in the following Examples were not modified over the 
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course of stability testing and a description of those HPLC conditions is provided in 

Table 1-D. 

(i) Atrasentan Sample Preparation Procedure (Assay) 

(a) 0.35 mg Tablets 

[0194] Ten tablets are transferred into a 200.0 mL volumetric flask. Approximately 

120 mL of the Diluent is added to the flask. Using a mechanical shaker, the flask is 

shaken for approximately 2 hours. The flask contents are diluted to volume with the 

Diluent and mixed well. Approximately 20 mL of the resulting solution is filtered 

through a 0.45-micron nylon filter, sending the initial portion of about 5 mL to waste and 

collecting about 10 mL for further use. 

(b) 0.50 mg Tablets 

[0195] Ten tablets are transferred into a 250.0 mL volumetric flask. Approximately 

150 mL of the Diluent is added to the flask. Using a mechanical shaker, the flask is 

shaken for approximately 2 hours. The flask contents are diluted to volume with the 

Diluent and mixed well. Approximately 20 mL of the resulting solution is filtered 

through a 0.45-micron nylon filter, sending the initial portion of about 5 mL to waste and 

collecting about 10 mL for further use. 

(c) 0.75 mg Tablets 

[0196] Seven tablets are transferred into a 250.0 mL volumetric flask. Approximately 

150 mL of the Diluent is added to the flask. Using a mechanical shaker, the flask is 

shaken for approximately 2 hours. The flask contents are diluted to volume with the 

Diluent and mixed well. Approximately 20 mL of the resulting solution is filtered 

through a 0.45-micron nylon filter, sending the initial portion of about 5 mL to waste and 

collecting about 10 mL for further use. 

(ii) Atrasentan Sample Preparation Procedure (Content Uniformity) 

(a) 0.35 mg Tablets 

[0197] One tablet is transferred into a 20.0 mL volumetric flask. Approximately 12 

mL of the Diluent is added to the flask. Using a mechanical shaker, the flask is shaken 

for approximately 2 hours. The flask contents are diluted to volume with the Diluent and 
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mixed well. Approximately 20 mL of the resulting solution is filtered through a 0.45-

micron nylon filter, sending the initial portion of about 5 mL to waste and collecting 

about 10 mL for further use. 

(b) 0.50 mg Tablets 

[0198] One tablet is transferred into a 25.0 mL volumetric flask. Approximately 15 

mL of the Diluent is added to the flask. Using a mechanical shaker, the flask is shaken 

for approximately 2 hours. The flask contents are diluted to volume with the Diluent and 

mixed well. Approximately 20 mL of the resulting solution is filtered through a 0.45-

micron nylon filter, sending the initial portion of about 5 mL to waste and collecting 

about 10 mL for further use. 

(c) 0.75 mg Tablets 

[0199] One tablet is transferred into a 50.0 mL volumetric flask. Approximately 30 

mL of the Diluent is added to the flask. Using a mechanical shaker, the flask is shaken 

for approximately 2 hours. The flask contents are diluted to volume with the Diluent and 

mixed well. Approximately 20 mL of the resulting solution is filtered through a 0.45-

micron nylon filter, sending the initial portion of about 5 mL to waste and collecting 

about 10 mL for further use. 

(iii) Impurities Sample Preparation Procedure 

(a) 0.35 mg Tablets 

[0200] Fourteen tablets are transferred into a 50-mL volumetric flask. Approximately 

25mL of the High Organic Diluent is added to the flask. Using a mechanical shaker, the 

flask is shaken for approximately 120 minutes. The flask contents are diluted to volume 

using the High Organic Diluent and mixed well. A portion of the resulting solution is 

filtered through a 0.45-micron Nylon membrane, sending the initial portion of about 5 

mL to waste. A 2.0 mL portion of the filtered solution is diluted to a volume of 10.0 mL 

using a lOmM Formate buffer and mixed well. 

(b) 0.50 mg Tablets 

[0201 ] Ten tablets are transferred into a 50-mL volumetric flask. Approximately 

25mL of the High Organic Diluent is added to the flask. Using a mechanical shaker, the 

flask is shaken for approximately 120 minutes. The flask contents are diluted to volume 
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using the High Organic Diluent and mixed well. A portion of the resulting solution is 

filtered through a 0.45-micron Nylon membrane, sending the initial portion of about 5 

mLto waste. A 2.0 mL portion of the filtered solution is diluted to a volume of 10.0 mL 

using a lOmM Formate buffer and mixed well. 

(c) 0.75 mg Tablets 

[0202] Six tablets are transferred into a 50-mL volumetric flask. Approximately 

25mL of the High Organic Diluent is added to the flask. Using a mechanical shaker, the 

flask is shaken for approximately 120 minutes. The flask, contents are diluted to volume 

using the High Organic Diluent and mixed well. A portion of the resulting solution is 

filtered through a 0.45-micron Nylon membrane, sending the initial portion of about 5 

mL to waste. A 2.0 mL portion of the filtered solution is diluted to a volume of 10.0 mL 

using a lOmM Formate buffer and mixed well. 
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(iv) HPLC Conditions 

Table 1-A: Atrasentan Assay HPLC Conditions (Version 1) 

PARAMETER CONDITIONS 
Technique HPLC 

Column C)8, 2.6 micron, 150 x 3.0 mm, 35°C 

Mobile Phase A 95/5 10 mM Ammonium Formate Buffer pH 3.2/ Acetonitrile 
Mobile Phase B 85/15 Acetonitriie/50 mM Ammonium Formate Buffer pH 3.2 

Elution Gradient Elution 

Time (min) % A % B 

Elution 

0 60 40 

Elution 

25 60 40 

Elution 

25. L 10 90 

Elution 

31.0 10 90 

Elution 

31.1 60 40 

Elution 

40 60 40 

Flow Rate Approximately 0.5 mL/minute 
Injection volume 10 fit 
Detection UV at 234 ran 

Diluent 10 mM Ammonium Formate Buffer, pH 3.2:Acetonitrile (25:75) 

Solution Concentrations 

Standard Approximately 19 jig atrasentanVmL in Diluent 

Sample: 
Assay and Content Uniformity Approximately 20 ug atrasentan*/mL in Diluent (Blend) 

Approximately 20 \xg atrasentan*/mL in Diluent (0.50 mg Tablet) 
Approximately 30 jig atrasentan*/mL in Diluent (0.75 mg Tablet) 

* Free base equivalent weight 
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Table 1-B: Atrasentan Assay HPLC Conditions (Version 2") 

PARAMETER CONDITIONS 

Technique FIPLC 
Column Cis, 2,6 micron, 150 x 3.0 mm, 35°C 

Mobile Phase A 63/37 8.7 mM Ammonium Formate Buffer pH 3.2/ Acetonitrile 

Mobile Phase B 77/23 Acetonitrile/7.7 mM Ammonium Formate BufferpH 3.2 

Elution Gradient Elution 
Time (min) % A % B 

Elution 

0 100 0 

Elution 

25 100 0 

Elution 

25.1 0 100 

Elution 

31.0 0 100 

Elution 

31.1 100 0 

Elution 

40 100 0 

Flow Rate Approximately 0.5 mL/minute 

Injection volume 10 uL 
Detection UV at 234 nm 

Diluent 10 mM Ammonium Formate Buffer, pH 3.2:Acetonitrile (25:75) 
Solution Concentrations 

Standard Approximately 19 ug atrasentan*/mL in Diluent 
Sample: Assay Approximately 20 jig atrasentan*/mL in Diluent (Blend) 

Approximately 18 jag atrasentan*/mL in Diluent (0.35 mg Tablet) 
Approximately 20 ug atrasentan*/mL in Diluent (0.50 mg Tablet) 
Approximately 21 jutg atrasentan*/mL in Diluent (0.75 mg Tablet) 

Sample: Content Uniformity Approximately 18 jig atrasentan*/'mL in Diluent (0.35 mg Tablet) 
Approximately 20 jig alrasentan*/mL in Diluent (0.50 mg Tablet) 
Approximately 15 jig atrasentan*/mL in Diluent (0.75 mg Tablet) 

* Free base equivalent weight 
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Table 1-C: Atrasentan Assay HPLC Conditions (Version 3) 

PARAMETER CONDITIONS 

Technique IIPLC 

Column Cig, 2.6 micron, 150 x 3.0 mm, 35°C 

Mobile Phase A 60/40 10 mM Ammonium Formate Buffer pH 3.2/ Acetonitrile 

Elution Isocratic 

Flow Rate Approximately 0.5 mL/minute 

Injection volume 10 ILL 
Detection UV at 234 nm 

Diluent 10 mM Ammonium Formate Buffer, pH 3.2:Acetonitrile (25:75) 

Solution Concentrations 

Standard Approximately 19 jig atrasentan H7'mL in Diluent 

Sample: Assay Approximately 20 jig atrasenlan*/'mL in Diluent (Blend) 
Approximately 18 jig alrascntan*/mL in Diluent (0.35 mg Tablet) 
Approximately 20 atrasentan*/mL in Diluent (0.50 mg Tablet) 
Approximately 21 jig atrasentan*/mL in Diluent (0.75 mg Tablet) 

Sample: Content Uniformity Approximately 18 jig atrasentan*/mL in Diluent (0.35 mg Tablet) 
Approximately 20 jig atrasentan*/mL in Diluent (0.50 mg Tablet) 
Approximately 15 )ig atrasentan*/mL in Diluent (0.75 mg Tablet) 

* Free base equivalent weight 
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Table 1-D: Impurities Assay HPLC Conditions 

PARAMETER CONDITIONS 

Technique HPLC 

Column Ci8, 2.6 micron, 150 x 3.0 mm, 35°C 

Mobile Phase A 10 mM Ammonium Formate Buffer, pFl 3.2:Acetonitrile (95:5) 
Mobile Phase B 50 mM Ammonium Formate Buffer, pH 3.2:Acetonitrile (15:85) 

Gradient Profile Time (min) % A % B Gradient Profile 

0 95 5 

Gradient Profile 

22 60 40 

Gradient Profile 

29 60 40 

Gradient Profile 

55 5 95 

Gradient Profile 

60 5 95 

Gradient Profile 

60.1 95 5 

Gradient Profile 

70 95 5 

Flow Rate Approximately 0.5 mL/minute 
Injection volume 75 fiL 
Detection UV at 234 nm 

Practical Detection Limit 0.05% 

Diluent 
High Organic 
Low Organic 

10 mM Ammonium Formate Buffer, pH 3.2:Acetonitrile (25:75) 
10 mM Ammonium Formate Buffer, pH 3.2:Acetonitrile (85:15) 

Solution Concentrations 

Practical Detection Limit Approximately 0.009 ug atrasentan^/mL in Low Organic Diluent 

Standard Approximately 0.09 jig atrasentan */mL in Low Organic Diluent 
Sample: Assay Approximately 20 ug atrasentan*/'mL in solution equivalent to 

Low Organic Diluent (0.50 mg tablets) 
Approximately 18 jig atrasentan */mL mL in solution equivalent to 
Low Organic Diluent (0.75 mg tablets) 

* Free base equivalent weight 
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B. Moisture Content 

[0203] The moisture content data reported in the following Examples were 

determined using Karl Fisher titration. Further information on the titration is provided in 

Table 1-E below. 

Table 1-E: Tablet Moisture Content Method 

PARAMETER CONDITIONS 

Technique Volumetric Karl Fischer 

Reagent Hydranal-Composite 5, Fluka 

Diluent Methanol 

Sample Size 1 gram composite of 12 tablets 

C. Dissolution Profile 

[0204] The tablet dissolution profile data reported in the following Examples were 

generated using a USP Dissolution Apparatus 2 and HPLC as the analytical method. 

Further information on the dissolution testing and HPLC analytical method is provided 

in Table 1-F below. 

Table 1-F: Tablet Dissolution Profile Method 

PARAME'l'ER CONDITIONS 

Technique HPLC 

Column C[S, 5 micron, 150 x 4.6 mm, 25°C 

Mobile Phase 50/50 50 mM Phosphate Buffer pH 2.6/ Acetonitrile 

Elution Isocratic 
Flow Rate Approximately 1.0 mL/minute 

Injection volume 100 pL 

Detection UV at 234 nm 

Apparatus USP Dissolution Apparatus 2 and Syringe-driven fraction 
collector 

Medium 900 mL of 0.0IN IIC1 
Temperature 37"C 

RPM 50 RPM 

Sampling Times 15, 30,45, 60 Minutes 
Diluent Samples Diluted 1:1 with mobile phase 

Solution Concentrations 

Standard Approximately 0.21 jig atrasentan*/mL in Diluent 

* Free base equivalent weighi 
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Example 2: Phase lib Tablet Stability 

[0205] Atrasentan dosage forms having the compositions shown in Table 2-A (0.35 

mg tablet), Table 2-B (0.50 mg tablet), and Table 2-C (0.75 mg tablet) below were 

prepared and used in Phase lib clinical trials to evaluate the safety and efficacy of 

atrasentan in treating subjects with diabetic nephropathy. The tablets were prepared 

using a wet granulation process and were compressed into round tablets having a core 

weight of 120 mg and a diameter of 6.5 mm. 

Table 2-A: Phase lib Tablet C0.35 mg) 

| Atrasentan Monohydrochloride j _ 0.31 | 0.3 T 
j. ?J,J, 9 109.4 

1 Hypromeilose E5 (Premium LV) I 3.00 I 3.6 
I Crospovidone (POLYPLASDONE™ XL)_ | 3.50_ | _ 4.2 
fjMcwTDk^^ ~ *"1).50 * " "oJ 

.\W\WWS\>\VN\\V\\\\\V»V^ 

! Glyceryl Behenate (COMPRITOL®) 5 1.50 I 1.8 
j Purified water' j n/a ^ ; n/a 5 

r—'"™———jg—g————| 
^\V\\\\\\\V\\\\\\\\\>V>N\\\\V>\\N\>\\VW\\N\\V\\N\\\VV\\\\V>\«V\N\\\\\\\\N\V\\\\N\XVV\\W\\N\^ 

s INGREDIENT ^ WEIGHT/WEIGHT %c I mg/TABLET f 
j PEG1450 j 3 j 0.1 j 
j Hypromeilose E5 (Premium LV) j ^ 97 j[ 3.5 | 
| Purified Water ^ ^ ^ N/a | n/a \ 

a Atrasentan monohydrochloride salt factor = 1.07 (i.e., 0.35 mg free base X 1.07 = 0.37 mg salt). 
b Granulation suspension medium. Less than 2% present in final product. 
c Based on an aqueous solution of 10% solids. 
d Based on a 120 mg tablet weight with a. coating weight gain of 3%. 

Table 2-B: Phase Hb Tablet (0.50 mg 1 

CZZZZZZZZZIZI^^t£L£2™^M^i™^ZZZZIZZZ~ 1 ptNcSi^ 
[ Atrasentan Monohydrochloride I 0.4460_ ^ oJ^5^ I 
[^Lactose Monohydrate Regular) ^ 91.05 | " 1093 ) 
[ Hypromeilose E5 (Premium LV) | 3.000 3. 
rCrospovTdone"(POLYpTA I ~"J6"_ 4 
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j Silicon Dioxide (SYLOID® 244FP) > 0.500 1 0.600 
• Glyceryl Behenate (COMPRITOL®) * 1.500 § 1. 
\ Purified water I N/A I N/A 

Total > 100% j 120.0 mg j 
I ~FILM COATED TABLET'COMPOSITION-^ V ~| 
\\VXS\NVVVV\\\>\NVV\N\\XNS\V\VVV\S\\SVS\\\\>V\>NS\\\SN\\XS\\X\H\VX\^XVVVVVV\S\NS\\\\VSS\\\\VSVS\\\\\«\V»S\\>.\\VVV\SSVSVVv\SXV\V\\\VVVVVS\\\SV»\S\NS\\VO*XN\>XNXXXXX\\SV^VV\NVVVVN.VVVVVVV.VVVN^S^S\SVSSSS\SS\>XV«^ 

! INGREDIENT | WEIGHT/WEIGHT %c I mg/TABLET \ 
^V\S\-V^^NV\\NV.\V\S\\'VV-.»\VVV.\X,.<.<.'w'VN\V'i.«.V\>vV'VXNVV%%\VV\%V\V\>,\VV\,.,«NH\V\^V\S\\S\\SS\\V\.VV-.VVN%V\\^\VNX«i.«.VV'V'V'VVS\>k.-.>.%VVVV\\>.V,.\S\\VSV\NVV>.«.NS\'V>.,v'VV\\\%%\-\>.VVVVVVVSV\\S^\S\SV\VWvV.\S\\NNV\NS.NV'V-.NNN\%\NVVVNN%%\^ 

! PEG 1450 | 3 | 0.1080 | 
| Hypromeilose E5 (Premium LV) j 97 | 3.492 | 

j Purified water ^ N/A | N/A | 

a Atrasentan monohydrochloride salt factor = 1.07 (i.e., 0.50 mg free base X 1.07 = 0.5350 mg salt). 
b Granulation suspension medium. Less than 2% present in final product. 
c Based on an aqueous solution of 10% solids. 
d Based on a 120 mg tablet weight with a coating weight gain of 3%. 

Table 2-C: Phase Sb Tablet CO.75 mg) 

\ TABLET CORE COMPOSITION * 
^v^v>v^\\\\.VXXN\\\\VV«X\.NXV«rvXV«A\\X>X\VC'XVNN.>.VCOO»\\XN.V.\.\.\.\.\.V»:«> 

I INGREDIENT 

f Atrasentan Monohydrochloride 1 0.6690 I 0.8025a 
$vv>>vvx*^XSNS%VXV\\AV»VVXXV\VN*WN\\\\\SN\\N\N*X\\VV\XV\SVXV\S\VVSSvVVVVVVVVVVVVVV\XJAV\A.VXVl.>.>J.VS\\^>.VSNAX\\N^\\\SVS\\NV\VVVVS.NXVV\\V^>.SSVS\XV\NN\\\X\\\\VVVVVVVVS*VVV^NXVXXVVVXVVVS*AXXV\X«>SVSV\\V 

I Lactose Monohydrate (Regular) | 90.83 f 109.0 
^W\V^W\WWV\NWVNVVWWVNVV^VVV\»S^VwiUvM\\KWNNN«VSNVVi\\\\\NW\NNVW\\\V\\V^^^ 

| Hypromeilose E5 (Premium LV] ^ 3.000 | 3.600 
fCrospovidone (POLYPLASDONE™ XL) ) 3.500™—„ 
'vVWvVVVWVV^KWWW'MWV.WWWWWWWWVWVSMWVWSXVVwVUV'kVVWsWWWVVWWVVWVSVVWV'lNVMVWVAVWSVVWWWS.V.WVVWAWVWW ,\V\W'1N\MV\VVAV\VS*VVV\V\V«\\\VVV\«»,\WV\\\\V\V\\\WV.\VSVV»W.\V.\«XV^\SSW\\' 

LSAljconPioxideXS j ............ 
fGiyceryTB^^Tt^^ 
I Purified waterb j N/A | N/A j 

| Total I 100% I 120.0 mg j 
P — W— 

f'^iiMENT™™ ~ fS WEIOHTYWEIGHX 

| PEG 1450 j 3 j 0.1080 
s Hypromeilose E5 (Premium LV) [ 97 J J.492 

I Purified water I N/A f N/A 

I Total | 100% j 123.( 
4 Atrasentan monohydrochloride salt factor = 1.07 (i.e., 0.75 mg free base X 1.07 = 0.8025 trig salt) 
b Granulation suspension medium. Less than 2% present in final product, 
c Based on an aqueous solution of 10% solids. 
d Based on a i 20 mg tablet weight with a coating weight gain of 3%. 
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[0206] The 0.35 mg, 0.50 mg, and 0.75 mg Phase lib tablets described above were 

tested for stability under one or more of the following storage conditions: 

(a) Storage at 40°C and 75% relative humidity with tablet stability assessed at the 

end of 1, 3, and 6 months (accelerated stability testing protocol); 

(b) Storage at 30°C and 65% relative humidity with tablet stability assessed at the 

end of 12 months (intermediate-term stability testing protocol); and 

(c) Storage at 25°C and 60% relative humidity with tablet stability assessed at the 

end of 1,3,6,9, 12, 18, and 24 months (long-term storage stability testing protocol). 

[0207] hi each stability test, 20 tablets were placed in a high-density polyethylene 

("HDPE") bottle containing a desiccant and the HDPE bottle was induction-sealed with a 

polypropylene cap. Parameters measured for the tablets at each time interval included 

atrasentan content relative to labeled dose (assay), degradation product content, water 

content, and dissolution profile. The results arc reported below in Tables 2-D through 2-

K. The "Assay" data reported represent the weight percent of atrasentan measured 

relative to the labeled dose (i.e., either 0.35 mg, 0.50 mg, or 0.75 mg). The "Degradation 

Products" data reported represent the weight percent of impurities measured relative to 

the labeled dose (i.e., either 0.35 mg, 0.50 mg, or 0.75 mg). All data reported represent 

single values from single runs with the following exceptions: (a) the initial atrasentan 

content value reported is a mean value where n = 2, and (b) the dissolution values 

reported are mean values where n = 6. 
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Table 2-D: Storage Stability Under Accelerated Conditions (0.35 mg Phase lib Tablet) 

SPECIFICATION1 INITIAL 1 MONTH 3 MONTHS 6 MONTHS 
Test Acceptance 

Criteria 
Description Physical 

Inspection 
Meets 
requirements 

Meets 
requirements 

Meets 
requirements 

Meets requirements Description 

Appearance Tablet Tablet Tablet Tablet 

Description 

Marking Unmarked Unmarked Unmarked Unmarked 

Description 

Shape Round Round Round Round 

Description 

Color White Off-white Off-white Off-white 

Description 

Coating Coaled Coated Coated Coated 
Assay Assay 101.4/ 

102.1 
101.9 100.6 100.0 

Water Content Moisture 4.8 4,9 4.8 4.6 
Dissolution 15 min: Mean 95 94 93 96 Dissolution 

30 min: Mean 100 100 99 100 
Dissolution 

45 min: Mean 100 100 100 100 

Dissolution 

60 min: Mean 100 101 99 100 

Degradation 
Products 

Total % Reported 0.11 0.10 0.34 0,33 

1 Note: Tablets stored in 3 oz HDPE bottle containing 1.1 g silica desiccant and having induction sealed 
cap. 
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Table 2-E: Storage Stability Under Long-Term Conditions (0.35 mg Phase lib Tablet) 

SPECIFICATION1 INITIAL 1 MONTH 3 MO NTHS 6 MONTHS 
Test Acceptance 

Criteria 
Description Physical 

Inspection 
Meets 
requirements 

Meets 
requirements 

Meets 
requirements 

Meets requirements 

Appearance Tablet Tablet Tablet Tablet 
Marking Unmarked Unmarked Unmarked Unmarked 
Shape Round Round Round Round 
Color While Off-white Off-white Off-white 
Coating Coated Coated Coated Coated 

Assay Assay 101.4/ 
102.1 

101.4 100,8 100.2 

Water Content Moisture 4.8 4,7 4.6 4,4 
Dissolution 15 min: Mean 95 99 96 99 

30 min: Mean 100 101 101 102 
45 min: Mean 100 101 100 101 
60 min: Mean 100 100 101 101 

Degradation 
Products 

Total % Reported 0.11 0.13 0.19 0.00 

Table 2-E (Continued): Storage Stability Under Long-Term Conditions 
(0.35 mg Phase lib Tablet) 

SPECIFICATION" 9 MONTH 12 MONTHS 18 MONTHS 
Test Acceptance 

Criteria 
Description Physical 

Inspection 
Meets 
requirements 

Meets 
requirements 

Meets 
requirements 

Appearance Tablet Tablet Tablet 
Marking Unmarked Unmarked Unmarked 
Shape Round Round Round 
Color Off-white Off-white Off-white 
Coating Coated Coated Coated 

Assay Assay 100.7 100.6 100.1 
Water Content Moisture 4.5 4.9 4.7 
Dissolution 15 min: Mean 96 96 91 

30 min: Mean 101 102 95 
45 min: Mean 101 103 98 
60 min: Mean 101 102 98 

Degradation 
Products 

Total % Reported 0.10 0.21 0.0 

1 Nole: Tablets stored in 3 ozHDPE bottle containing 1.1 g silica desiccant and having induction sealed 
cap. 
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Table 2-F: Storage Stability Under Accelerated Conditions CQ.50 mg Phase lib Tablet) 

SPECIFICATION' INITIAL 1 MONTH 3 MONTHS 6 MONTHS 
Test Acceptance 

Criteria 
Description Appearance Tablet Tablet Tablet Tablet Description 

Marking Unmarked Unmarked Unmarked Unmarked 
Description 

Shape Round Round Round Round 

Description 

Color Off-white Off-white White Off-white 

Description 

Coating Coated Coated Coated Coated 
Assay- Assay 98.6/99.0 97.6 96.7 93.6 Assay-

Mean 98.8 - - -
Water Content Moisture 4.8 5.1 5.0 5.3 
Dissolution 15 min: Mean 79 67 62 54 

30 min: Mean 93 92 89 81 
45 min: Mean 95 97 93 84 
60 min: Mean 96 98 94 85 

Degradation 
Products 

Total % 
Reported 

0 0.12 1.3 1.4 

1 Note: Tablets stored in 5 oz HDPE bottle containing 2 g clay desiccant and having induction sealed cap. 

Table 2-G: Storage Stability Under Intermediate Conditions ffl.50 mg Phase lib Tablet) 

SPECIFICATION1 INITIAL 12 MONTHS 15 MONTHS 18 MONTHS 
Test Acceptance 

Criteria 
Description Appearance Tablet Tablet Tablet Tablet 

Marking Unmarked Unmarked Unmarked Unmarked 
Shape Round Round Round Round 
Color Off-white Off-white Off-white Off-white 
Coaling Coated Coated Coated Coated 

Assay Assay 98.6/99.0 98.4 97.3 96.8 
Mean 98.8 - - -

Water Content Moisture 4.8 4.8 5.1 5.1 
Dissolution 15 min: Mean 79 78 76 80 

30 min: Mean 93 93 91 87 
45 min: Mean 95 95 93 93 
60 min: Mean 96 96 95 93 

Degradation 
Products 

Total % 
Reported 

0 0.50 0.66 1.1 

1 Note: Tablets stored in 5 oz HDPE bottle containing 2 g clay desiccant and having induction sealed cap. 
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Table 2-H: Storage Stability Under Long-Term Conditions C0.50 mg Phase lib Tablet") 

SPECIFICATION1 INITIAL 1 MONTH 3 MONTHS 6 MONTHS 
Test Acceptance 

Criteria 
Description Appearance Tablet Tablet Tablet Tablet Description 

Marking Unmarked Unmarked Unmarked Unmarked 
Description 

Shape Round Round Round Round 

Description 

Color Off-white Off-white White Off-white 

Description 

Coating Coated Coated Coated Coated 
Assay Assay 98.6/99.0 98.1 98.2 99.5 Assay 

Mean 98.8 - - -
Water Content Moisture 4.8 4.7 5.0 5.1 
Dissolution 15 min: Mean 79 82 83 75 

30 min: Mean 93 94 95 92 
45 min: Mean 95 95 97 94 
60 min: Mean 96 97 98 94 

Degradation 
Products 

Total % 
Reported 

0 0 0.69 0.22 

Table 2-H CContinuedV. Storage Stability Under Long-Term Conditions 
(0.50 ma Phase lib Tablet) 

SPECIFICATION1 9 MONTHS 12 MONTHS 18 MONTHS 24 MONTHS 
Test 

Description Appearance Tablet Tablet Tablet Tablet Description 
Marking Unmarked Unmarked Unmarked Unmarked 

Description 

Shape Round Round Round Round 

Description 

Color Off-white Off-white Off-white Off-white 

Description 

Coating Coaled Coated Coated Coated 
Assay Assay 100.5 99.1 98.2 95.3 Assay 

Mean - - -
Water Content Moisture 4.7 4.7 4.9 5.0 
Dissolution 15 min: Mean 74 77 79 76 

30 min: Mean 95 93 92 91 
45 min: Mean 98 95 96 93 
60 min: Mean 99 95 97 95 

Degradation 
Products 

Total % 
Reported 

0.13 0.13 0,21 1.1 
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Table 2-H (Continued): Storage Stability Under Long-Term Conditions 
(0.50 mg Phase lib Tablet) 

SPECIFICATION1 30 MONTHS 36 MONTHS 
Test 

Description Appearance Tablet Tablet Description 
Marking Unmarked Unmarked 

Description 

Shape Round Round 

Description 

Color Off-white Off- White 

Description 

Coating Coated Coated 
Assay Assay 98.8 96.3 Assay 

Mean - -
Water Content Moisture 5.1 5.1 
Dissolution 15 min: Mean 82 83 

30 min: Mean 93 91 
45 min: Mean 94 93 
60 min: Mean 96 95 

Degradation 
Products 

Total % Reported 0.91 0.85 

1 Nole: Tablets stored in 5 oz HDPE bottie containing 2 g clay desiccant and having induction sealed cap. 

Table 2-1: Storage Stability Under Accelerated Conditions (0.75 mg Phase lib Tablet) 

Specification Initial 1 Months 3 Months 6 Months 
Test Acceptance 

Criteria 
Description Appearance Tablet Tablet Tablet Tablet Description 

Marking Unmarked Unmarked Unmarked Unmarked 
Description 

Shape Round Round Round Round 

Description 

Color Off-white Off-white Off-while White 

Description 

Coating Coated Coaled Coated Coated 
Assay Assay 100.9/ 

102.7 
100.2 97.9 96.4 Assay 

Mean 101.8 - - -
Water Content Moisture 4.9 4.5 1 5.3 
Dissolution 15 min: Mean 72 50 40 47 

30 min: Mean 96 93 84 84 
45 min: Mean 96 98 92 91 
60 min: Mean 97 100 93 93 

Degradation 
Products 

Total % 
Reported 

0.00 0 0.51 1.8 
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Table 2-J: Storage Stability Under Intermediate Conditions (0.75 mg Phase lib Tablet) 

SPECIFICATION1 INITIAL 12 MONTHS 
Test Acceptance 

Criteria 
Description Appearance Tablet Tablet Description 

Marking Unmarked Unmarked 
Description 

Shape Round Round 

Description 

Color Off-white White 

Description 

Coating Coated Coated 
Assay Assay- 100.9/ 102.7 99.2 Assay 

Mean 101.8 -
Water Content Moisture 4.9 4.8 
Dissolution 15 rain: Mean 72 61 

30 rain: Mean 96 92 
45 min: Mean 96 96 
60 min: Mean 97 98 

Degradation 
Products 

Total % Reported 0.00 0.46 

1 Note: Tablets stored in 5 oz HDPE bottle containing 2 g clay desiccant and having induction sealed cap. 

Table 2-K: Storage Stability Under Long-Term Conditions (0.75 mg Phase lib Tablet) 

SPECIFICATION1 INITIAL 1 MONTH 3 MONTHS 6 MONTHS 
Test Acceptance 

Criteria 
Description Appearance Tablet Tablet Tablet Tablet Description 

Marking Unmarked Unmarked Unmarked Unmarked 
Description 

Shape Round Round Round Round 

Description 

Color Off-white Off-white Off-white White 

Description 

Coaling Coated Coated Coated Coated 

Assay Assay 100.9/ 102.7 100.4 102.5 98.9 Assay 
Mean 101.8 - - -

Water Content Moisture 4.9 4.8 4.7 5.2 
Dissolution 15 min: Mean 72 7! 67 71 

30 min: Mean 96 96 96 95 
45 min: Mean 96 99 99 98 
60 min: Mean 97 99 100 99 

Degradation 
Products 

Total % 
Reported 

0 0 0.69 0.22 
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Table 2-K (Continued): Storage Stability Under Long-Term Conditions 
ro.75 mg Phase lib Tablet) 

SPECIFICATION1 9 MONTHS 12 MONTHS 18 MONTHS 24 MONTHS 
Test Acceptance 

Criteria 
Description Appearance Tablet Tablet Tablet Tablet Description 

Marking Unmarked Unmarked Unmarked Unmarked 
Description 

Shape Round Round Round Round 

Description 

Color Off-white White White White 

Description 

Coating Coated Coated Coated Coaled 
Assay Assay 99.7 97.4 100.9 100.3 Assay 

Mean - - - -
Water 
Content 

Moisture 4.7 4.8 4.8 4.5 

Dissolution 15 rain: Mean 71 59 57 60 
30 min: Mean 93 94 95 93 
45 min: Mean 97 98 99 97 
60 min: Mean 97 100 101 99 

Degradation 
Products 

Total % 
Reported 

0.28 0 0 0.24 

Table 2-K (Continued): Storage Stability Under Long-Term Conditions 
(0.75 mg Phase lib Tablet) 

SPECIFICATION1 30 MONTHS 36' MONTHS 
Test Acceptance 

Criteria 
Description Appearance Tablet Tablet 

Marking Unmarked Unmarked 
Shape Round Round 
Color Off-white While-
Coating Coaled Coated 

Assay Assay 99.4 97.9 
Mean 

Water 
Content 

Moisture 4.7 5.2 

Dissolution 15 min: Mean 70 62 
30 min: Mean 91 91 
45 min: Mean 94 93 
60 min: Mean 95 95 

Degradation 
Products 

Total % 
Reported 

0.70 0.58 

1 Note: Tablets stored in 5 oz HDPB bottle containing 2 g clay desiccant and having induction sealed cap. 
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[0208] In general, the stability data for the Phase lib tablets indicate an increase in 

atrasentan degradation products over a six month period at the 40°C and 75% relative 

humidity storage conditions for the 0.50 mg and 0.75 mg tablets. 

Example 3: Effect of Anti-Oxidant on Stability 

[0209] A study was conducted to evaluate the effect of an anti-oxidant on preventing 

atrasentan degradation in a mixture of atrasentan, a disintegrant, and an anti-oxidant. 

Binary or tertiary mixtures containing atrasentan monohydrochloride, a crospovidone 

disintegrant (POLYPLASDONE™ XL), and, for the tertiary mixtures, an anti-oxidant 

(selected from ascorbic acid powder, sodium metabisulfite, and L-cysteine hydrochloride 

monohydrate) at five different molar ratios of atrasentan to anti-oxidant were prepared. 

In each case, the weight ratio of disintegrant to atrasentan was held constant at about 9:1. 

The compositions of the mixtures are shown below in Table 3-A (ascorbic acid powder). 

Table 3-B (sodium metabisulfite), and Tabie 3-C (L-cysteine hydrochloride 

monohydrate). The mixtures were not further formulated (i.e., they were not processed 

into tablets or capsules) and were maintained as loose blends of the components during 

storage. To ensure that content non-uniformity for a single mixture did not impact the 

results, several mixtures were prepared for each molar ratio tested and a. different mixture 

was sampled and tested at each time point. 

[0210] The mixtures were tested for stability using an accelerated stability testing 

protocol under which each sample was stored in a 20 mL glass scintillation vial at 80°C 

and ambient relative humidity. Stability was assessed at initiation of testing, the end of 

seven days, and the end of three weeks. Stability testing results are reported below in 

Tables 3-A through 3-F. All data reported represent single values from single runs (/.<?., n 

- 1). The "Impurities" data reported below in Tables 3-A through 3-C represent the 

percent impurities by HPLC peak area percent. The "Weight % Atrasentan" data 

reported below in Tables 3-D through 3-F represent the weight percent of atrasentan 

measured relative to the corresponding weight of atrasentan initially added to the 

mixture. 



WO 2015/006219 PCT/US2014/045581 

80 

Table 3-A: L-Ascorbic Acid Mixtures ('Impurities') 

MOLAR. 
RATIOa,b 

AMOUNT 
(mg) 

IMPURITIES 
(% BY PEAK AREA) 

MOLAR. 
RATIOa,b 

Crospovidone Atrasentan Anti-Oxidant Initial 7 Days 3 Weeks 
1:0 455.03 

435.07 
444.33 

50.17 
52.08 
53.85 

0 0 0.97 2.9 

40:1 450.24 
457.36 
467.29 

49,75 
51.01 
50.92 

0.488 
0.752 
0.539 

0 3.07 4.32 

10:1 463.96 
457.52 
434.63 

48.18 
49.48 
49.65 

2.42 
1.740 
1.290 

0 0.98 1.72 

5:1 438.28 
434.40 
443.74 

48.77 
49.65 
54.72 

3.348 
2.964 
3.297 

0 1.23 4.36 

1:1 453.68 
439.05 
450.89 

51.81 
49.87 
49.87 

16.205 
15.713 
15.645 

0 1.19 2.51 

a Molar ratio of Atrasentan : anti-oxidant. 
b Weight ratio of disintegrant: atrasentan held constant at 9:1 for all samples. 

Table 3-B: Sodium Metabisulfite Mixtures fTmpnritie.O 

MOLAR 
RATIOa,b 

AMOUNT 
(mg) 

IMPURITIES 
(% BY PEAK AREA) 

Crospovidone Atrasentan Anti-Oxidant Initial 7 Days 3 Weeks 
1:0 445.62 

433.54 
461.37 

50.99 
50.24 
51.51 

0 0 1.32 1.35 

40:1 436.67 
446.07 
452.95 

51.35 
51.1.9 
48.59 

0.648 
0.388 
0.591 

0 0.15 0.81 

10:1 452.39 
467.67 
440.83 

48.62 
49.21 
50.20 

1.741 
1.548 
1.818 

0.32 0.0 0.48 

5:1 438.55 
452.75 
459.80 

50,93 
50.21 
52.16 

3.785 
3.469 
3.050 

1.05 0.32 0.58 

1:1 453.75 
437.94 
454.18 

53.82 
53.65 
54.87 

15.649 
14.883 
15.041 

4.90 3.32 7.62 

2 Molar ratio of atrasentan : anti-oxidant. 
b Weight ratio of disintegrant: atrasentan held constant at 9:1 for all samples. 
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Table 3-C: L-Cvsteine Mixtures ("Impurities') 

MOLAR 
RATIO3* 

AMOUNT 
(mg) 

IMPURITIES 
(% BY PEAK AREA) 

Crospovidone Atrasentan Anti-Oxidant Initial 7 Days n 3 Weeks 
1:0 451.69 

453.62 
440.53 

52.28 
50.92 
51.27 

0 0 0.76 5.02 

40:1 456.22 
459.97 
443.50 

51.09 
52.04 
48.93 

0.485 
0.680 
0.410 

0 0.72 2.99 

10:1 439.41 
440.02 
438.98 

48.93 
49.67 
47.98 

1.317 
1.612 
1.410 

0 0.47 0.81 

5:1 436.56 
445.34 
432.66 

54.65 
50.17 
51.04 

2.825 
2.880 
2.752 

0 0.32 0.46 

1:1 454.25 
462.93 
454.65 

48.03 
53.19 
54.11 

13.310 
13.005 
14.603 

0 0.0 0.0 

a Molar ratio of atrasentan : anti-oxidant. 
b Weight ratio of disintegrant: atrasentan to held constant at 9:1. for all samples. 

Table 3-D: L-Ascorbic Acid Mixtures (Atrasentan) 

MOLAR 
RATIO a*b 

AMOUNT 
(mg) 

WEIGHT % ATRASENTAN MOLAR 
RATIO a*b 

Crospovidone Atrasentan Anti-Oxidant Initial 7 Days 3 Weeks 
3:0 455.03 

435.07 
444.33 

50.17 
52.08 
53.85 

0 102.9 100.9 98.3 

40:1 450.24 
457.36 
467.29 

49.75 
51.01 
50.92 

0.488 
0.752 
0.539 

104.4 101.0 98.3 

10:1 463.96 
457.52 
434.63 

48.18 
49.48 
49.65 

2.42 
1.740 
1.290 

103.7 102.0 97.3 

5:1 438.28 
434.40 
443.74 

48.77 
49.65 
54.72 

3.348 
2.964 
3.297 

102.5 300.7 97.7 

1:1 453.68 
439.05 
450.89 

51.83 
49.87 
49.87 

16.205 
15.713 
15.645 

102.9 300.4 95.5 

a Molar ratio of Atrasentan : anti-oxidant. 
b Weight ratio of disintegrant: atrasentan held constant at 9:1 for all samples. 
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Table 3-E: Sodium Metabisulfite Mixtures (Atrasentan-) 

MOLAR 
RATIO3* 

AMOUNT 
(mg) 

WEIGHT % ATRASENTAN 

Crospovidone Atrasentan Anti-Oxidant Initial 7 Days 3 Weeks 
1:0 445.62 

433.54 
461.37 

50.99 
50.24 
51.51 

0 101.6 98.8 97.9 

40:1 436.67 
446.07 
452.95 

51.35 
51.19 
48.59 

0.648 
0.388 
0.591 

101.8 101.0 98.5 

10:1 452.39 
467.67 
440.83 

48.62 
49.21 
50.20 

1.741 
1.548 
1.818 

100.6 101.3 99.6 

5:1 438.55 
452.75 
459.80 

50.93 
50.21 
52.16 

3.785 
3.469 
3.050 

99.9 101.3 99.3 

1:1 453.75 
437.94 
454.18 

53.82 
53.65 
54.87 

15.649 
14.883 
15.041 

99.2 96.1 86.9 

a Molar ratio of atrasentan : anti-oxidant. 
b Weight ratio of disintegrant: atrasentan held constant at 9:1 for all samples. 

Table 3-F: L-Cvsteine Mixtures (Atrasentan) 

MOLAR AMOUNT WEIGHT % ATRASENTAN 
RATIO31' (mg) 

Crospovidone Atrasentan Anti-Oxidant Initial 7 Days 3 Weeks 
1:0 451.69 52.28 0 101.6 101.4 97.4 

453.62 50.92 
440.53 51.27 

40:1 456.22 51.09 0.485 101.8 100.7 98.3 
459.97 52.04 0.680 
443.50 48.93 0.410 

10:1 439.41 48.93 1.317 101.3 100.2 99.7 
440.02 49.67 1.612 
438.98 47.98 1.410 

5:1 436.56 54.65 2.825 100.7 100.3 99.5 
445.34 50.17 2.880 
432.66 51.04 2.752 

1:1 454.25 48.03 13.310 101.8 101.4 101.3 
462.93 53.19 13.005 
454.65 54.11 14.603 

a Molar ratio of atrasentan : anti-oxidant. 
b Weight ratio of disintegrant: atrasentan held constant at 9:1 for all samples. 
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[0211 ] In general, the stability data for the Phase lib tablets indicate that L-cysteine 

hydrochloride monohydrate provides the greatest stabilizing effect of the three anti­

oxidants, an interesting result given the relative oxidation reduction potentials ("ORP") 

of the three anti-oxidants. Atrasentan has an ORP value greater than about 900 mV. 

Ascorbic acid, sodium metabisulfite, and L-cysteine have ORP values of about 100-280 

mV, about 175-300 mV, and about 815-965 mV, respectively. Although L-cysteine has 

an ORP value that is relatively close to the ORP value of atrasentan (indicating the least 

oxidative reactivity of the anti-oxidants tested with respect to atrasentan), it still provided 

the greatest stabilizing effect. 

Example 4: Effect of Atrasentan/L-Cvsteine Molar Ratio on Tablet Stability 

[0212] A study was conducted to evaluate the effect of molar ratio of atrasentan to L-

cysteine on atrasentan degradation in uncoated tablets comprising L-cysteine 

hydrochloride monohydrate, but otherwise substantially the same as the tablet core 

composition described in Table 2-B of Example 2. The tablets tested had the 

compositions shown in Tables 4-A (2:1 molar ratio), 4-B (1:1 molar ratio), and 4-C (1:2 

molar ratio) below. The tablets were prepared using a wet granulation process and were 

compressed into round tablets having a core weight of 120 mg and a diameter of 6.5 mm. 

Table 4-A: L-Cvsteine Tablet (2:1 Molar Ratio) 

FINGREDIST"— 
| Atrasentan Monohydrochloride ^ 0.31 | 0.372s | 
| Lactose Monohydrate (Regular^ _ | 91.14 j 109.4 j 

^ L-Cysteine Hydrochloride Monohydrate ^ 0.050 ^ 0.060 § 

; HypromeiloseE5 ffremhmiL^ ^ 
rSoSxMdcmelioL^ 
? Silicon Dioxide (SYLOID® 244FP) f 0.500 | 0.600 f 
I Glyceryl Behenate (COMPRITOL®) i 1.500 ! 1.800 ! 
[ Purified water | N/A. j N/A | 

I Total j 100% j 120.0 mg j 
a Atrasentan monohydrochloride sail factor = 1.07 (i.e., 0.31 mg free base X 1.07 = 0.372 mg salt). 
b Granulation suspension medium. Less than 2% present in final product. 
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Table 4-B: L-Cvsteine Tablet (1:1 Molar Ratio) 

^ INGREDIENT | WEIGHT/WEIGHT % | mg/TABLET ! 
j Atrasentan Monohydrochloride j0.31 f 0.372 
! Lactose Monohydrate (Regular) | 91.09 I 109.3 
^ L-Cysteine Hydrochloride Monohydrate s 0.0999 ^ 0.120 
[ Hypromeilose E5 (Premium LV) L3r000 I 3-600. 
fGrospori^^ XL) 1 3.500 M.200 
f Silicon Dioxide (SYLOID® 244FP) j 0.500 j 0.600 
fG^^i^St7(cbMFEf^®} (Tsoo : 1 IT 

\rSS\WS\SViVS\SWW.S\\\V«J; 

| Purified water^ IjjZA ;^N/A 

a Atrasentan monohydrochionde sail factor = 1.07 (i.e., 0.31 mg free base X 1.07 = 0.372 mg sail). 
b Granulation suspension medium. Less than 2% present in final product. 

Table 4-C: L-Cysteine Tablet (1:2 Molar Ratio) 

^NV»\S\\\\\\\S\S\\NV«V\VNVVWVWV\\V\\V\V\>V\\\\V\V\\V\\%%»W\\\\WV»\SSVV\S\SNmWW\\\VWSSNW\SWS\V\V\WVVNVV\SS\\\S\\\W\S\V«SV^W\y^ 

; Atrasentan Monohydrochloride s 0.31 ; 0.372s 
VVVNV*VWW\\V»V»H\\\\NN\VV\\V0W\\\N\\\\V»\SS\S^\V*\\\NS\>VVS\\\N>S\\\\\>N\\\\VV^\\\VXN\SN%\V^^^ 

| Lactose Monohydrate (Regular) j ?.A:PZj ^-2 
"E L-Cysteine Hydrochloride Monohydrate i 0.200 | 0.240 
| Hypromeilose E5 (Premiumlj) [ 3.000 j 3.600 
P>osr^S P ^ —< j —-
f XL) ; s 
^v.%%VVV^VV^V^VVV^VV^V*V^V^VVVXVVVVVV^^\\X^.VO.K^.VV\^.\S^^X\N^^S\V^^^^^V\SS\*A\SNN%NS\SSVVVV^S%VV^^\\v.%%VV\VN%NS^^V%VVVV%V%^.VXVVVVV«XSV^%S%VVVVX,%%%^V^SVNV^SS\N^V.%N%SV*A.VV\^V^^.^.Ns>^V'.V•NNN^VV\VNNSNVVS, 

f Silicon ..Dioxide .(SYLOIP0.244FP) j; 0.500 j 0,600 
[ Glyceryl Behenate (CQMPMTOL®) j 1.50Q | 1. 
| Purified waterb . _ I N/A •[ N/A j| 
| Total [ 100% | 120.0 mg | 

a Atrasentan monohydrochloride salt factor = 1.07 (i.e., 0.31 mg free base X 1.07 = 0.372 mg salt). 
b Granulation suspension medium. Less than 2% present in final product. 

[0213] The tablets described above were tested for stability using an accelerated 

stability testing protocol. The tablets were packaged in 3 ounce HDPE bottles with 

induction sealed caps and stored at 50°C and ambient relative humidity. Each bottle 

contained 20 tablets and 1.1 g of a silica desiccant. Tablet stability was assessed at the 

end of 3, 6, and 9 weeks. The stability testing results are reported below in Table 4-D. 

The "Assay" data reported represent the weight percent of atrasentan measured relative 

to the labeled dose (I.e., 0.31 mg). All data reported represent single values from single 

runs (n = 1). 
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Table 4-D: Stability Test Results For L-Cvsteine Tablets 

MOLAR 
RATIO3 

WEIGHT % ATRASENTAN MOLAR 
RATIO3 INITIAL 3 WEEKS 6 WEEKS 9 WEEKS 
2:1 95.4% 95.2% 93.9% 92.9% 
1 : 1 99.3% 98.3% 98.2% 98.7% 
1 : 2 99.9% 98.6% 99.1% 98.6% 

a Molar ratio of atrasentan : anti-oxidant. 

Example 5: Effect of HPMC on Tablet Stability (Lab Scale") 

[0214] A lab-scale study {i.e., each batch prepared was less than 500 mg) was 

conducted to evaluate the effect of HPMC on atrasentan tablet stability. Uncoated 

tablets corresponding to the compositions shown in Table 5-A below were prepared at a 

drug loading of 0.45% (based on the weight of atrasentan monohydrochloride) using five 

different methods of preparation that differed in the manner atrasentan was treated with 

the HPMC. 

Table 5-A: HPMC Tablet 

INGREDIENT WEIGHT/WEIGHT % f mg/TABLET 

| Atrasentan Monohydrochloride j! 0.449 
; Lactose Monohydrate Regular) 191.05 
! Hypromeilose E5 (Premium LV) I 3.000 
^\VWS?U^\WV.SW\WSSVi.SSVN\SW\S\SS\vWs\\VNSVM'iSSViVASS\VvWiS\VvVvSNVi\Vv\SSNWS\VvSfNV>VN\\V.SV«SSV 

^ Crospovidone (POLYPLASDONE™ XL) | 3.500 
\\N\\\\\VSS\WWWW>WNV>SVV>NVWW\V>VASS.S\\S^SVAV.V»VSVV.NVAV.V.\\\\SVSSSVi\\SSS\Vv\\V^»VAS\NSWi\S\SN 

^ Silicon Dioxide (SYLOID®) J 0.500 
^NWA\VbWW.\\\VSS\V\\\\\\\W\\\V.N\S\ivNW'WWSNlA>NN\%N\\SWS\\NSWS\,>S'«SNSNNNNSNNVsW\VS^VSVlV<NV.\V.SSV 

^ Glyceryl Behenate (COMPRITOL®) ^ 1.500 
\S\\VS\V<SSSSNSW»^SV»\V»HVHVXVSNV.V^SN^S\SSSNSSV.\SSX\NSSSV\NXW.\NSNSSSSS\SNSNSSN<V 

TOM*' 
IT09X 
TI600 

.VSWKNNNNW»NNNN^« 

\ 4.200 
V.\^W\SN\>\SWNNS\SW\SVA\V 

! 0.600 
.800 

^\VSNV^SSSNSNVW^VSSV.\V.HVHVXVSNX^X^SNAVXSSSSSNSSV.\SSSVSSSSV\SXW.SSSSSSSNSSSNSNSSN^X\XSSNSSVV^VNSNSNSSVSV»VVSNVSS.VXSSSSSS.VXS\.SXSSSN.V\SNAN.\\NAV^SVW^W.V.SSSV»<y.SSV.* 

E Purified waterb | N/A J N/A 
S.SVSSVV.\W.VCVN.VVXSSS\SSN\N\\\\NN\\\NSNS%%\NS%NSNVtSNNNNSN^>V.>VN>NNSS%NVNS>V«NNNNNSSN.\.\>N\NS\SS>V^S\SSSSSSS>N>'.XSSNVNVVSNNSNV\NVNV.V»VV\VSNS.>NSS%V\S'»NS,vSVVSNNNNSN\»,\SNN\\%VSSVS» 

[ Total I 100% I 120 m 
»VXXkSVSVW.SsSS\\\\\%S\\V\\SNSNSVS\NS%\\NSNNN\\NNNS\\\\NNSNV»\\%NNSNNN%\\\^S\\\NNNS\\NN\N\\\N\\\SSSS\\VNS\SVSV.S\NNV»S\NS\\X^SNNSV.NSNVkS>VS\SSVSV.VVkSkSS\Vv%V^V.«.V,.S\'.V\SSV*'.SNVVVS^ 

a Atrasentan monohydrochloride salt factor = 1.07. 
D Granulation suspension medium. Less than 2% present in final product. 

[0215] Method of Preparation 1 (Wet Granulation With HPMC/Atrasentan Solution): 

Atrasentan was completely dissolved in a 9% HPMC solution. All other ingredients 

were added to a. granulation bowl in dry form. The atrasentan/HPMC solution was 

sprayed into the granulation bowl and the ingredients were wet granulated using a lab-

scale key granulator. The granulated mixture was tray-dried in an oven without vacuum 

and then compressed into tablets that were left uncoated. 
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[0216] Method of Preparation 2 (Wet Granulation With HPMC/Atrasentan 

Suspension): Atrasentan was added to a 9% HPMC solution to form a suspension. All 

other ingredients were added to a granulation bowl in dry form. The atrasentan/HPMC 

suspension was sprayed into the granulation bowl and the ingredients were wet 

granulated using lab-scale key granulator. The granulated mixture was tray-dried in an 

oven without vacuum and then compressed into uncoated tablets. 

[0217] Method of Preparation 3 (Direct Blend: Dry Mix): Atrasentan was dry mixed 

with HPMC. The atrasentan/HPMC mixture was then mixed with the remaining 

ingredients in dry form and without the addition of water or any other liquid. The mixed 

ingredients were directly compressed into tablets that were left uncoated. 

[0218] Method of Preparation 4 (Direct Blend: Dry Granulation): Atrasentan was 

compressed with HPMC (diy granulation) and sieved to provide atrasentan/HPMC dry 

granules. The atrasentan/HPMC dry granules were then mixed with the remaining 

ingredients in dry form and without the addition of water or any other liquid. The mixed 

ingredients were directly compressed into tablets that were left uncoated. 

[0219] Method of Preparation 5 (Direct Blend: No Pre-Treatment): Atrasentan, 

HPMC, and the other ingredients were mixed in dry form without any pre-treatment of 

the atrasentan with HPMC and without the addition of water or any other liquid. The 

mixed ingredients were directly compressed into tablets that were left uncoated. 

[0220] In all cases, the final mixture was manually compressed into 1 g tablets using a 

Carver Press. 

[0221] The tablets described above were tested for stability using an accelerated 

stability testing protocol under which the tablets were stored at 50°C and 75% relative 

humidity in sealed, 5 oz., HDPE bottles containing 2 g of a clay desiccant. Tablet 

stability was assessed at the initiation of testing and at the end of three, six, and eight 

weeks. Stability testing results are reported below in Table 6-B. The "Impurities" data 

reported represent, the percent impurities by HPLC peak area percent. All data reported 

represent single values from single runs (n - 1). 
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Table 5-B: Stability Test Results 

METHOD IM PURITIES (% BY PEAK AREA) METHOD 
Initial 3 Weeks 6 Weeks 8 Weeks 

1 3.8 5.6 5.8 6.5 
2 4.2 5.7 7.1 7.1 
3 2.7 3.9 3.7 3.8 
4 3.4 5.2 4.7 4.6 
5 3.8 4.8 5.2 5.7 

[0222] The data indicate that pre-treatment of atrasentan with HPMC during the 

preparation of the direct blend tablets (i.e., dry-mixed tablets prepared in Method 3 or 

dry-granulated tablets prepared as in Method 4) reduces total impurities relative to direct 

blend tablets prepared without any pre-treatment of atrasentan with HPMC (i.e., dry-

mixing as in Method 5). 

[0223] The data for the wet-granulated tablets prepared as in Method 1 or Method 2 

indicate a higher impurity content than is typically observed for wet-granulated tablets 

prepared in larger scale operations (see Example 6 below). It is believed that the higher 

impurities content is attributable to factors such as the use of lab-scale equipment (e.g., 

tray-drying in an oven without vacuum rather than vacuum drying) and the use of lower-

grade excipients than typically required for the preparation of clinical and commercial 

tablets. 

Example 6: Effect of HPMC on Tablet Stability (Manufacturing Scale) 

[0224] A manufacturing-scale study (i.e., each batch prepared was at least about 15 

kg) was conducted to evaluate the effect of HPMC on atrasentan tablet stability. 

Uncoated tablets corresponding to the compositions shown in Table 6-A below were 

prepared at three different drug loadings (0.05%, 0.11%, and 0.27%) using three 

different methods of preparation as described below. 



WO 2015/006219 PCT/US2014/045581 

Table 6-A: HPMC Tablet 
^WvX\V\\W\\V\V\V 

INGREDIENT j WEIGHT/WEIGHT % j mg/TABLET 

? Atrasentan Monohydrochloride | 0.05-0.27 10.05-0.273 $ 
I Lactose Monohydrate (Regular) j Quantity Sufficient j Qumrtity 
s • $ Sufficient 
I Hypromeilose E5 (Premium LV) : 3.000 [3. 
I Crospovidone (POLYPLASDONE™ XL) I 3.500 | 3.500 
SNSSSNVSSV^S>N^VV\XS^SVNV\XSXSS\VXSVNAV.^SW.VXVWSSVVVXNNSSNXSSVSVV\SS\\NV\VVVV\VSNV\SSN.S'.V<\VAV^\SSSSKSNAVVX^VNSV\V\^VI.\V%NSSV\X\SSSV,VV.VN^VXVVSS%VVNNSSVSVNVS\\SNSV%%V\'.SVWSS.V 

s.VsXV^VW*>»^VNSSSSSSSSS*VSNS\NNXS\\V.<; 

. . .500 ! 
•SVNVV^VVSVWSVVVkV.'vVANVS^NSSNNVAW.NVAV.SVWiWV; 

5 Silicon Dioxide (SYLOID®) 
^NV\VV^^^V,\N\NWV\NSSNN\SNNSNS\\\NSSNSSS\NSSSNV.\S\SSSVO.SSV.SX<V.\V>.V%VVVSS^N\.V.%\S\SVVSSS\\%NVVV\S\VN\\\\\NSS\%V.NSSSSVV 

^ Glyceryl Behenate (COMPRITOL®) 1.500 | 1.500 
^NSNSS»Vv^\NSNSSN\^S\NNNV*%X\\V>SXN^V.VXXX^VXX^XX^>\VNNN>N>VN%SSN\NS\NN\SV»\\%VvSSN\\NSNVWSVAXSVS<SVkSNNSVSNNVVVSNN>VV»VSNNNN\SNNN%VVNSNN.VXNV>S\VVXV>>>NN\VVVV«\SSS^\SSN%SV.\VNV»V\V.%VV*SS\'.V 

| Purified water ; N/A | N/A 

s Atrasentan monohydrochloride salt factor = i .07. 
b Granulation suspension medium. Less than 2% present in final product. 

[0225] Method of Preparation 1 (Direct BlendY. All ingredients were mixed in dry 

form without the addition of water or any other liquid. The mixed ingredients were 

directly compressed into tablets that remained uncoated for stability testing. 

[0226] Method of Preparation 2 (Wet Granulation With HPMC Solution): All 

ingredients except HPMC were added dry to a granulation bowl and were wet granulated 

using a 9% HPMC solution. The granulated mixture was dried under vacuum and then 

compressed into uncoated tablets. 

[0227] Method of Preparation 3 (Wet GranuiationWith HPMC/Atrasentan 

Suspension): Atrasentan was added to a 9% HPMC solution to form a suspension. All 

other ingredients were added to a granulation bowl in dry form. The suspension was 

sprayed into the granulation bowl and the ingredients were wet granulated. The 

granulated mixture was dried under vacuum and then compressed into tablets that 

remained uncoated for stability testing. 

[0228] The tablets described above were tested for stability using an accelerated 

stability testing protocol under which 20 tablets were stored at 50°C and 75% relative 

humidity in a sealed, 3 oz., HDPE bottle containing 2 g of a clay desiccant. Tablet 

stability was assessed at the initiation of testing and at the end of two and four weeks. 

Stability testing results are reported below in Table 6-A (Method 1), Table 6-B (Method 
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2), and Table 6-C (Method 3). The "Impurities" data reported represent the percent 

impurities by HPLC peak area percent. All data reported represent single values from 

single mns {i.e., n = 1). 

Table 6-B: Stability Test Results (Method 1") 

DRUG LOADING (%) IMPURITIES (% BY PEAK AREA) DRUG LOADING (%) 
Initial 2 Weeks 4 Weeks 

0.05 0.30 1.61 2.52 
0.17 Not Tested Not Tested Not Tested 
0.27 Not Tested Not Tested Not Tested 

Table 6-C: Stability Test Results (Method 2) 

DRUG LOADING (%) IMPURITIES (% BY PEAK AREA) 
Initial 2 Weeks 4 Weeks 

0.05 1.23 2.13 2.52 
0.17 NR 0.59 0.98 
0.27 0.39 1.68 2.91 

Table 6-1 >: Stability Test Results (Method 3) 

DRUG LOADING (%) IMPURITIES (% BY PEAK AREA) 
Initial 2 Weeks 4 Weeks 

0.05 0.76 1.08 1.26 
0.17 NR 0.67 0.68 
0.27 0.13 0.32 0.55 

[0229] Although there was no discernible difference in content uniformity between 

the tablets prepared by Method 2 (atrasentan added diy to the granulation bowl prior to 

the addition of the HPMC solution) and the tablets prepared by Method 3 (atrasentan 

added to the granulation bowl as an HPMC/atrasentan suspension), the chemical 

degradation of atrasentan over time was higher for the tablets prepared by Method 2 than 

for the tablets prepared by M ethod 3. In addition, the rate of chemical degradation of 

atrasentan for the tablets prepared by Method 1 (atrasentan and HPMC added dry to the 

granulation bowl) was higher than for the corresponding tablets prepared by Method 2 

(atrasentan added dry to the granulation bowl prior to the addition of the HPMC 

solution). 
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Example 7: Effect of HPMC on Spray-Coated Placebo Core Tablet Stability 

[0230] A study was conducted to compare the effect of HPMC and Kollicoat (a 

copolymer of polyvinyl alcohol) on atrasentan tablet stability. Atrasentan was dissolved 

or suspended (depending upon drug loading) in a polymer coating solution to form an 

atrasentan/polymer coating solution. In each case, a placebo core having the 

composition shown in Table 7-A was sprayed with a polymer base coating, then the 

atrasentan/polymer coating, and finally a polymer seal coat. The atrasentan/polymer 

coating, polymer base coating, and polymer seal coating had the compositions shown in 

Table 7-B (HPMC/0.05 mg atrasentan), Table 7-C (HPMC/0.75 mg atrasentan), Table 7-

D (Kollicoat/0.05 mg atrasentan), and Table 7-E (Kollicoat/0.55 mg atrasentan). 

Table 7-A: Placebo Core Tablet. 

PLACEBO CORE TABLET COMPOSITION^ 
INGREDIENT ~~~^^^JCTT/iSSiT^n™ mg/TABLET 

\SSV\S\Vf»SSWkVV 

^ Avicel PH 102 [ 46.6 ! 116.25 
5 Lactose Monohydrate FastFlo I 46.5 ! 116.25 
| Sodium Stean/I Fumarate ; 2 I 5 ^ 

^ Croscarmellose Sodium j 2 | 5 j 
^ Hydroxypropyl Cellulose $ 3 I 7.5 \ 
^\M.\\<.<*VV.\V\N\\wX\S^S»SV»«V*!l!sWV\\m\\\\\SS«W\\»SW«S\N\W « SS\S^\WW>SK\*\SNN\S« % VSSNV S KVSSSVVkSS•>*»•> SW \ »SS\NV- VsVVV M\\ S\» SNNWS>»V * SS»UW»»« >*V\« « S 

[Total ; 100% [...jSOmg | 

Table 7-B: HPMC/Atrasentan Coating (0.055 mg) 
____ 

[ INGREDIENT j j 
! Atrasentan Monohydrochloride | 0.022 | 0.055a 
^\N\VSVVSVS\\\VNV»SS\VV\S\SS\\S\V\SVS\SNNNNNVV^\SS>V\\VNVVS\\SV\S>\\>V\>VNNN>VSSN\\NN\\\V\S^N\\NNSSN\V\%>N\NN>VSNNVV\SVS\NNV\V>\NNNNV\N%N*VV\VVSSS>V\\V\VNNS>^VNNXSSV\\\V\VVVS\SVA>S\V*SX\\NVV 

i Hydroxypropylemethylcellulosc I ^ 10 09 
i (Methocel E5) I I 
>VS».\XNVVVVVVV.^».\V»AXV\S\VV.VVNN\'X\\\\S\S^N\N\XSSNNNNSV\SVVVSNSNVS\\SSSNNVSSSVSNNNVVVVSNVN«VSNNVVV^\VNVS\V^V.%VVSN\VVS>.NNN\NS\S\NVVSNVV%SVAA.%SVAVVNSVNV.VVV^SVVVVVXVVVVVVKVV.%VVVV\.N*>VK\VV.VV^\ 

I POLYMER BASE AND SEAL COATING15 

j Hydroxypropylmethylcellulose [ ~ _ j Q _ I 
| (MethocelE5) ^ J ' j * j 
[ Poiygthylene Glycol 1450 r:r:r:::::::Lr:: = 

a Atrasentan monohydrochloride salt factor = 1.07 (i.e., 0.05 mg free base X 1.07 - 0.055 mg salt). 
b The polymer base coat was sprayed on the placebo core for a theoretical weight gain of 2% and the 
polymer seal coal was sprayed on top of the atrasentan/polymer coating layer theoretical weight gain 
of 2%. The combined theoretical weight gain attributable to the polymer base and seal coats was 4%. 
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Table 7-C: HPMC/Atrasentan Coating (0.79 mg) 

I ATRASENTAN/POLYMER COATING I 
^ INGREDIENT j WEIGHT/WEIGHT % j mg/TABLET 
^ Atrasentan Monohydrochloride i 0.32 ^ 0.79a ; 
{ Hydroxypropylmethylcellulose ? „ . ; 
i (Methocel E5) ; ' I * ? 
^\V.S\\\\S\V\SSSSSSSSN\S\NNSSSSS\VN\NSSSSN\X\\\\\N^NNSVWV\\SSXS\SNSX^V\WV\S^VVVSV\SNNS\NVV.^\SVV^X^W.NS^SNNV\\S\S\NV^XVNNVVNSSSN\\\V\\\\S'.X\\SNSSSS\\V.V\SSSXW»SV>.SSV'.VSV>V\NSVV\VNNSSSS^VVSS\*.\V\\VN*C: 

I POLYMER BASE AND SEAL COATINGb I 
Hydroxypropylmethylcellulose ? Q $ 
(Methocel E5) I V*7 H 9,7 

^NVNXNNNNNVNVvNN\NVX«.NVv'\VX\VVNNXNXNV\NV< 

: Polyethylene Glycol 1450 ; 0.3 j; 03 
a Atrasentan monohydrochloride salt factor = 1.07 (i.e., 0.75 mg free base X 1.07 = 0.79 mg salt). 
b Tiie polymer base coat was sprayed on the placebo core for a theoretical weight gain of 2% and the 
polymer seal coat was sprayed on top of the atrasentan/polymer coating layer theoretical weight gain 
of 2%. The combined theoretical weight gain attributable to the polymer base and seal coats was 4%. 

Table 7-D: KolHcoat/Atrasentan Coating (0.055 mg) 

j Atrasentan Monohydrochloride 0.022 f 0.0558 

i Kollicoat IR ^ 8.6 ^ 21.50 
kWV.NSV.WNV.WVMWVVSWNVVVSVWWWVAXNV.'i; 

POLYMER BASE AND SEAL COATING 
NSV.N\»WV.NWSNNVN\V\\N\S«NNV\V.N\SXSNSNVSSN\SN\\W\WNSWX\\\\\W>\S\V»\\»W,VIWV\S\WSV*^VS'»\V«N«\V,«^NVSSN\SV 

Kollicoat IR ? 15 ! 10 
a Atrasentan monohydrochloride salt factor = 1.07 (i.e., 0.05 mg free base X 1.07 = 0.055 mg salt). 
b The polymer base coat was sprayed on the placebo core for a theoretical weight gain of 2% and the 
polymer seal coat was sprayed on lop of the atrasentan/polymer coating layer theoretical weight gain 
of 2%. The combined theoretical weight gain attributable to the polymer base and seal coats was 4%. 

Table 7-E: Kollicoat/Atrasentan Coating (0.59 mg) 

^ AT^SENTAN/POLYMER.COATI^ 
fSCTEDIENT"—— ~"T™ 
I Atrasentan Monohydrochloride [ 0.24 ii 0.59a 

| Koijicoat IR | 9.0 \ 22.50 
CZZZZZZZZZZ^^^Hii^ii^EI^^c^s^^^ZZZZZZr 
; Koijicoat IR 15 | 10 

"Atrasentan monohydrochloride salt factor = 1.07 (i.e., 0.55 mg free base X 1.07 = 0.59 mg salt). 
b The polymer base coat was sprayed on the placebo corc for a theoretical weight gain of 2% and the 
polymer seal coat was sprayed on top of the atrasentan/polymer coating layer theoretical weight gain 
of 2%. The combined theoretical weight gain attributable to the polymer base and seal coats was 4%. 

[0231] The tablets prepared as described above were tested for stability using an 

accelerated stability testing protocol under which 20 tablets were stored at 50°C and 75% 

relative humidity in a sealed, 5 oz. HDPE bottles containing 2 g of a clay desiccant. 
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Tablet stability was assessed at the initiation of testing and at the end of two and four 

weeks. Stability testing results are reported below in Table 7-F. The "Impurities" data 

reported represent the percent impurities by HPLC peak area percent. All data reported 

represent single values from single mns (i.e., n = 1). 

Table 7-F: Stability Test Results 

ATRASENTAN/POLYMER IMPURITIES (% BY PEAK AREA) 
COATING Initial 2 Weeks 4 Weeks 
HPMC/0.05 mg atrasentan 0.80 1.11 0.74 
HPMC/0.75 mg atrasentan 0.17 0.22 0.24 
Kollicoat/0.05 mg atrasentan 1.81 2.68 2.38 
Kollicoat/0.50 mg atrasentan 0.69 1.87 1.60 

[0232] Because degradation of atrasentan can be moisture-activated, the atrasentan-

coated tablet approach of this Example is considered to be a product presentation that is 

more susceptible to atrasentan degradation. The results show improved chemical 

stability for the HPMC-coated tablets relative to the Kollicoat-coated tablets. 

Example 8: Effect of HPMC on Atrasentan Solid State Behavior 

[0233] The effect of HPMC on the solid state behavior of atrasentan was evaluated in 

a study in which slurry samples of atrasentan Form II polymorph suspended in a 9% 

HPMC solution stored at room temperature and 40°C were compared with corresponding 

slurry samples obtained from atrasentan Form II polymorph suspended in water stored at 

room temperature and 40°C. The atrasentan concentration in all four suspensions was 

4.4% by weight. Samples (1 mL) were taken from each suspension at 30 minutes, 6 

hours, and 30 hour from initiation and centrifuged to provide both a solid material and a 

filtrate for further analysis. 

[0234] The solid material from each sample was analyzed by powder x-ray diffraction 

("PXRD") and compared to the PXRD for the corresponding initial sample (i.e., the 

PXRD pattern for the atrasentan Form II polymorph). Although the primary PXRD 

pattern for all suspensions after 30 minutes and 6 hours at either room temperature or 

40°C still corresponded to the PXRD pattern for the atrasentan Form II polymorph, the 

PXRD pattern for the samples obtained from the suspensions without HPMC indicated 
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partial conversion of the atrasentan Form II polymorph to the more thermodynamically 

stable atrasentan Form T polymorph at both room temperature and 40°C. A higher level 

of conversion was seen for the suspensions without HPMC stored at 40°C. The PXRD 

pattern for the samples obtained from the suspensions with HPMC stored at room 

temperature showed no conversion of the atrasentan Form II polymorph to the more 
thermodynamically stable atrasentan Form I polymorph at any timepoint. The PXRD 

pattern for the samples obtained from the suspensions with HPMC stored at 40"C 

showed no conversion at the 6 hour timepoint and only minimal conversion at the 30 

hour timepoint. 

[0235] The filtrates collected from the slurry samples at cach time point were freeze-

dried by a lab scale lyophilizer. Prior to lyophilization of the filtrate, the pH of the 

suspension was measured. The average pH was 1.8 for filtrates from suspensions 

containing no HPMC and 2.2 for suspensions with HPMC. The pH for each sample 

remained consistent, regardless of time or temperature. The freeze-dried filtrates were 

submitted for solid-state NMR analysis to determine if any chemical interaction between 

HPMC and atrasentan could be observed, but the sample concentrations were too dilute 

for analysis. 

[0236] The results indicate that the presence of HPMC in the suspension: (a) slows 

and possibly prevents the conversion of atrasentan Form II polymorph to the more 

thermodynamically stable atrasentan Form I polymorph at room temperature, and (b) 

slows the conversion of atrasentan Form II polymorph to the more thermodynamically 

stable atrasentan Form I polymorph at 40°C. 

Example 9: Effect of HPMC on Atrasentan Surface Energy 

[0237] Wet granulation blends prepared as described in Method 2 (atrasentan added 

dry to granulation bowl) and Method 3 (atrasentan added as HPMC suspension to 

granulation bowl) of Example 6 were analyzed prior to compression using inverse gas 

chromatography ("IGC") to determine the surface energy of the blends. These 

measurements were compared to the measured values for pure atrasentan and pure 

HPMC. The results are shown in Table 9 below. 
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Table 9: Surface Energy 

SAMPLE DISPERSIVE SURFACE ENERGY (mJm"2) 
Run 1 Run 2 Average Standard Deviation (%) 

HPMC E5 36.3 36.9 36.6 1.13 
Atrasentan 
Monohydrochloride 50.6 51.4 50.9 1.02 

Method 1 Blend 47.9 46.5 47.2 2.24 
Method 2 Blend 45.9 44.2 45.0 2.54 

[0238] The results indicate that the blends lie closer in energy value to pure HPMC 

than to pure atrasentan (likely due to a larger concentration of HPMC in the blend than 

atrasentan). The results further indicate that the wet granulation blend prepared as 

described in Method 2 (atrasentan added dry to granulation bowl) has a higher surface 

energy than the wet granulation blend prepared as described in Method 3 (atrasentan 

added as HPMC suspension to granulation bowl) which is consistent with the higher 

atrasentan degradation seen in the Method 2 blend compared to the Method 3 blend (see 

Example 6). 

[0239] Overall, the results of Examples 5 to 9 confirm that HPMC stabilizes 

atrasentan and reduces atrasentan degradation in the low-dose dosage forms of the 

present disclosure. This stabilizing effect is observed when atrasentan is intimately 

mixed with HPMC during the preparation of the dosage form, such as introducing 

atrasentan to the granulation bowl as an atrasentan/HPMC suspension or as a dry mixture 

of atrasentan and HPMC. 

Example 10: Phase III Tablet Stability 

[0240] Two atrasentan dosage forms having the compositions shown in Table 10-A 

(0.50 mg tablet) and Table 10-B (0.75 mg tablet) below were prepared for use in Phase 

III clinical trials to evaluate the safety and efficacy of atrasentan in treating subjects with 

diabetic nephropathy. The tablets were prepared using a wet granulation process and 

were compressed into round tablets having a core weight of 120 mg and a diameter of 

6.5 mm. A third atrasentan dosage form having the composition shown in Table 10-C 

(0.35 mg tablet) can be prepared in a similar manner. The 0.35 mg tablet, 0.50 mg tablet, 
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and 0.75 mg tablet have drug loads (based on weight of atrasentan monohydrochloride) 

ofO.31%, 0.45%, and 0.67%, respectively. 

Table 10-A: Phase III Tablet (0.50 mg) 

0.5350a 
A^W\\VWVW\S\S\\\V.\S\\N\\VVA\\V\\VS«i; 

90.91 | 109.1 5 
\VV\\VNV\\\V\V\\V\S\W\NVW\WW.WNV'AW\SS\S\V\SN\S\V»SV\V\\\SSSSV.\\V»\V\\' 

0.1728 

TABLET CORE COMPOSITION 
AV»X\\SV\VVV\VVV\\\VV\W\VWA\\V.SV\\S%\\\V\\\\\S\SSVAVS\\S\SNVS\\\\SS\\V\VMS\W\VV.**VVV.\SVVVV 

[ INGREDIENT I.^IGHT/WEIGHT % 
^ Atrasentan Monohydrochloride $ 0.4460 
\\WWVVWVV»V«WV»VUV.\WvWVVN\*«\V\\WiSSV\\VSVNVSVV\VAVlVV\IA\'.\.\X 

f Lactose Monohydrate (Regular) 
j L-Cysteine Hydrochloride ? 01440 
t Monohydrate i 
^ Hypromeilose E5 (Premium LV) | 3. 
S\\\\S\^NWV\NVVVNNWVV\\VVS\V\\\\\\SV.\\V^Ws»SVVS\\SVVV\\V\VSVS\VVV»S\\\VkSSV\\>\\\>V\\\W\\N^>N\'>W,\\V\\SV\\SVNS\S.V*»VVN\V 

I Crospovidone (POLYPLASDONE™ XL) | 3.500 
s Silicon Dioxide (SYLOID® 244FP) $ 0.500 
^\W\\\VS\\\\\\S>\\\\Ww\»\v>>v\tVN\V\\\\\SW*\VVV»S\\VV«\VNVVSN\V\VVV\>N\VV\V>VN\NV\4v\\VV\VN\VVV^\WS\N\\VV\VV\\NV\VVN\\\NS\\\\V«\\.\VW 

[GfeceiylBehenate (COMPRITOL®) j 1.500 
s Purified water | N/A 
I Total j 100% 

___ TILM-COATEDTABLEFCO 

.\»«^SW\VkW\WWV\W.N>WM\Ns\WlSVSVA^ 

ms/TABLl 

.vwvsw^ 

3.600 ! 
4.200 

N/A 
.WMNN%\Yv\'VSNW%%HW\VvVt\\SVNN'« 

120.0 Ilig | 

i^iSFj 

! Hypromeilose E5 (Premium LV) 

* Purified water 
Total 

^ N/A s 
»\^N\\\\\\W\NV.\\\SW.V.SV<VI\\V«N\SN\S»V1; 

I 123.6 
lv\\\\\V«\WN\\\V\WVS\VVV'vv\rvv\\S 

R Atrasentan monohydrochloride salt factor = 1.07 (i.e., 0.50 mg free base X 1.07 - 0.5350 mg salt). 
b Granulation suspension medium. Less than 2% present in final product. 
c Based on an aqueous solution of 10% solids. 
d Based on a 120 mg tablet weight with a coating weight gain of 3%. 
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Table 10-B: Phase III Tablet (0.75 mg) 

; TABLET CORE COMPOSITION I 
| INGREDIENT 

Atrasentan Monohydrochloride 
; Lactose Monohydrate (Regular) 
; L-cysteine Hydrochloride Monohydrate 
[Hypromeilose E5 (Premium LV) 
rCros^vidlon7TpOL^LAS^^E'rM XL) 
^XV\VCvX>>XV\X^XV>XV«V\XX\XXXXXXXvXVV«XNX>%X\X\X>XNVOCVXXVX«X\VV«X\X\XV\X^XVXV>>rOX\X\X\VX>XV*XV 

j Silicon Dioxide (SYLOID® 244FP) 
Hsiyc^ 
; Purified water 

90.61 
0.216 f 
3.000 

^\\\\\\\vvNc\vv*»« 

3.500 
'0.500' 
T500 
N/A 

108.7 
0T2J92 
Tjpo"' 
T200 

CVNSVVVXVV>XX«^.N\.VVNNNNNVNX\^\XVVN\NVVV».NVCVVNVV.V*NN^ 

hi 
N/A 

^ Total 
«V»>\V»V»NSV.V»\NV»V.>NV»\S\N*«V*W\W 

100% 120.0 mg 
FILM-COATED TABLET COMPOSITION [ 

^SA\\\\\\\\\^\\\S*\tt\\\\\SW\\\\«\VvW«WSN\WS\SVVV\\\\\\\\\V\\\NV<\\\\NVS\WvW\N\N\\V«\>\\\V>^\\\\\s\VVVW\VV.VV\\V\>\\\\W%\VS\N\\\SN\\V\y\WyS\S,J; 

INGREDIENT | WEIGHT/WEIGHT %c j; mg/TABLET ; 
\*\SNV.\\\\V»^\V«S\V\VV*\«A ss» VWA^WSSWtSNNSNW S NW.XVS S NSNN S S\S> V->S\».\ 

3 j 0.1080 j 
A\\\\\\\\\\\XV*XV\\\V\\\V\\VV\\\\\VN\y\\\\\\VV\W\\\^\V\\VV\\\\W«\^ 

97 ! 3.492 I 

I PEG 1450 

I Hypromeilose E5 (Premium LV) 

; Purified water 
I Total 

s. ^\U SSj»NV «A U,\*V 

rtVft\»W\\\\W^V\\V\W*W 

| N/A 

^ 100% 
^WNVNWW\\W\N\\\\\S\\S\S\\VAV.ViSSW»NSVV 

| N/A | 
i.VifVW\\Vi\SNSNVSSS\\SSVNSViNNSV\VSSS\\S^ 

; 123.6 mg j 
a Atrasentan monohydrochloride salt factor = 1.07 (i.e., 075 mg free base X 1.07 = 0.8025 mg salt). 
b Granulation suspension medium. Less than 2% present in final product. 
c Based on an aqueous solution of 10% solids. 
d Based on a 120 mg tablet weight with a coating weight gain of 3%. 
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Table 10-C: 0.35 Tablet 

INGREDIENT 
TABLET CORE COMPOSITION 

mlGHT/WEIGHT % 

^ Atrasentan Monohydrochloride 
s Lactose Monohydrate (Regular) 

VYV»V» S S S>S «\WSV\\SS» V.W»S WSVS S«VSS VV»SVS> V\ss S S V»N v«v.»v«v 

i L-Cysteine Hydrochloride 
| Monohydrate 
[Hypromeilose E5 (Premium LV) 
j Crospovidone (POLYPLASDONE™ XL) j 
[ Silicon Dioxide (SYLOID®) 
[Glyci^rBeh^S^OWOTOL®£ 
i Purified waterb 

Total 

1V^\VN\\V»N \y«N\y>WV 

.VVWVW * " WW 

. V* 

N/A [ 
>\XXNXV\XVVVCOX\X\VVV«A\V\\XNX\>>VC«.VV.VvX; 

120 mg ^ 
»\\\\\VX\\\W\V«*\\\\\*\\V*\\W\\V\\\\VVW\\V\>X\\V\\\\«N»\VX\^WW*X\\\\VW*\\\W 

FILM-COATED TABLET COMPOSITION 
INGREDIENT " ' 

j PEG1450 

j; Hypromeilose E5 (Premium LV) 

[ Purified water 
^ Total 

a Atrasentan monohydrochloride salt factor = 1.07 (i.e., 0.35 mg free base X 1.07 = 0.37 mg salt). 
b Granulation suspension medium. Less than 2% present in final product. 
c Based on an aqueous solution of 10% solids. 
d Based on a 120 mg tablet weight with a coating weight gain of 3%. 

[0241] Table 10A/B provides a comparison of the target composition for the 0.50 mg 

and 0.75 mg Phase III tablets prepared in large-scale tableting operations. 
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Table 10A/B: Comparison of 0.50 mg and 0.75 Tablets 

Dosage Strength 0.5 mg 0.75 mg 

Component 
Amount (mg) 

/Tablet Amount (mg) /Tablet 
TABLET CORE 
Intragranular 

Atrasentan HC1 0.54 0.81 
Lactose Monohydrate 109.1 108.7 
Hypromeilose 3.6 3.6 
Crospovidone 4.2 4.2 
Silicon Dioxide/ 
Silica, Anhydrous 

0.3 0.3 

Cysteine Hydrochloride/ 
Cysteine Hydrochloride Monohydrate 

0.2 0,3 

Purified Watera N/A N/A 
Extragranular 

Silicon Dioxide/Silica, Anhydrous 0.3 0.3 
Glyceryl Behenate/Glycerol Dibehenale 1.8 1.8 
FILM COATING8 

Polyethylene Glycol 1450 0.1 0.1 
Hypromeilose 3.5 3.5 
Purified Water* N/A N/A 
a. Removed during processing 
b. Film coat weight is approximate 
N/A = Not applicable 

[0242] The 0.50 mg and 0.75 mg Phase III tablets described above are tested for 

stability under each of the following storage conditions: 

(a) Storage at 40°C and 75% relative humidity with tablet stability assessed at the 

end of 1, 3, and 6 months (accelerated stability testing protocol); 

(b) Storage at 30°C and 75% relative humidity with tablet stability assessed at the 

end of 12 months (intermediate-term stability testing protocol A); 

(c) Storage at 30°C and 65% relative humidity with tablet stability assessed at the 

end of 12 months (intermediate-term stability testing protocol B); 

(d) Storage at 25°C and 60% relative humidity with tablet stability assessed at the 

end of 1, 3, 6,9, 12, 18, and 24 months (long-term storage stability testing protocol A); 

and 

(e) Storage at 40°C and 75% relative humidity with tablet stability assessed at the 

end of 1, 3, 6,9,12, 18, and 24 months (long-term storage stability testing protocol B). 
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[0243] In each stability test, 20 tablets are stored in a 3 oz HDPE bottle containing 1.1 

g of a silica desiccant and having induction sealed cap. Parameters measured for the 

tablets at each time interval include atrasentan content relative to the labeled dose, 

degradation product content, water content, and dissolution rate. The 0.35 mg dosage 

form shown in Table 10-C can be tested in a similar manner. 

[0244] Stability data for the 0.50 mg Phase III tablet and the 0.75 mg Phase III tablet 

under the long-term storage protocols arc reported in Tables 10-D, 10-E, 1Q-F, and 10-G 

below. 

Table 10-D: Storage Stability Under Long-Term Conditions (25°C/60% REP 

(0.50 mg Phase III Tablet) 

Specification Initial 1 Months 3 Month 6 Months 9 Months 
Test Acceptance 

Criteria 
Description Appearance Tablet Tablet Tablet Tablet Tablet Description 

Marking Unmarked Unmarked Unmarked Unmarked Unmarked 
Description 

Shape Round, 
Biconvex 

Round, 
Biconvex 

Round, 
Biconvex 

Round, 
Biconvex 

Round, 
Biconvex 

Description 

Color Off~White Off-White White White Off- White 

Description 

Coating Coated Coated Coated Coated. Coated 
Assay Assay 97.5 96.4 97.0 98.5 97.8 Assay 

Mean 
Water Content Moisture 4.9 4.9 5.1 4.9 4.8 
L-Cysteiue 
Determination 

63.6 60.3 56.3 53.6 50.3 

Dissolution 15 min: Mean 99 95 96 96 94 
30 min: Mean 99 98 96 97 95 
45 min: Mean 99 97 97 97 95 
60 min: Mean 99 98 96 96 95 

Degradation 
Products 

Total % 
Reported 

ND ND ND ND ND 
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Table 10-E: Storage Stability Under Long-Term Conditions (25°C/60% R.H) 
r0.75 mg Phase m Tablet) 

Specification Initial 1 Months 3 Month 6 Months 
Test Acceptance 

Criteria 
Description Appearance Tablet Tablet Tablet Tablet Description 

Maricing Unmarked Unmarked Unmarked Unmarked 
Description 

Shape Round, 
Biconvex 

Round, 
Biconvex 

Round, 
Biconvex 

Round, 
Biconvex 

Description 

Color Off-White White White Off-White 

Description 

Coating Coated Coated Coated Coated 
Assay Assay 96.9 96.9 94.9 96.8 Assay 

Mean 
Water Content Moisture 4.7 4.4 4.7 4.6 
L-Cysleine 
Determination 

60.5 53.7 51.9 49.4 

Dissolution 15 min: Mean 94 95 94 91 
30 min: Mean 96 98 97 94 
45 min: Mean 96 98 96 95 
60 min: Mean 96 98 97 95 

Degradation 
Products 

Total % 
Reported 

ND ND ND ND 

Table 10-F: Storage Stability Under Long-Term Conditions f40°C/75% RH) 
(0.50 mg Phase TIT Tablet) 

Specification Initial 1 Months 3 Month 6 Months 
Test Acceptance 

Criteria 
Description Appearance Tablet Tablet Tablet Tablet Description 

Marking Unmarked Unmarked Unmarked Unmarked 
Description 

Shape Round, 
Biconvex 

Round, 
Biconvex 

Round, 
Biconvex 

Round, 
Biconvex 

Description 

Color Off-White Off-White White Off-Wbite 

Description 

Coating Coated Coated Coated Coated 
Assay Assay 97.5 96.8 97.6 97.9 Assay 

Mean 
Water Content Moisture 4.9 5.0 5.0 5.0 
L-Cysteine 
Determination 

63.6 52.2 37.1 18.4 

Dissolution 15 min: Mean 99 92 81 77 
30 min: Mean 99 99 95 97 
45 min: Mean 99 97 96 97 
60 min: Mean 99 98 96 97 

Degradation 
Products 

Total % 
Reported 

ND ND ND ND 
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Table 10-G: Storage Stability Under Long-Term Conditions (40°C/75% RH1 
CQ.75 mg Phase III Tablet) 

Specification Initial 1 Months 3 Month 6 Months 
Test Acceptance 

Criteria 
Description Appearance Tablet Tablet Tablet Tablet Description 

Marking Unmarked Unmarked Unmarked Unmarked 
Description 

Shape Round, 
Biconvex 

Round, 
Biconvex 

Round, 
Biconvex 

Round, 
Biconvex 

Description 

Color Off-White White White Pale yellow 

Description 

Coating Coated Coated Coated Coated 
Assay Assay 96.9 95.2 95.4 96.7 Assay 

Mean 
Water Content Moisture 4.7 4.7 4.8 4.9 
L-Cysteine 
Determination 

60.5 49.1 36.6 23.2 

Dissolution 15 min: Mean 94 80 72 72 
30 min: Mean 96 96 98 95 
45 min: Mean 96 96 97 95 
60 min: Mean 96 96 97 94 

Degradation 
Products 

Total % 
Reported 

ND ND 0.18 0.13 

Example 11: Packaged Tablet Stability 

[0245] Stability of the 0.50 mg Phase lib tablet (/. e., the tablet corresponding to Table 

2-B of Example 2) and the 0.50 mg Phase III tablet (i.e., the tablet corresponding to 

Table 10-A of Example 10) packaged in several different configurations was tested. The 

packaging configurations tested included: 

(a) tablets in a one ounce HDPE bottle containing 1.1 g of a silica desiccant; 

(b) tablet in an aluminum (Al) foil blister; 

(c) tablet in an ACLAR® 3000 blister; 

(d) tablet in an ACLAR® 4000 blister; 

(e) tablets in an ACLAR® 4000 blister sealed in a foil overwrap with ].l g of a 

silica desiccant; and 

(f) tablets blistered in an ACLAR® Rxl60 blister sealed in a foil overwrap with 

1.1 g of a silica desiccant. 

[0246] The packaged tablets were tested for stability using an accelerated stability 

testing protocol under which the tablets were stored at 40°C and 75% relative humidity 
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and tablet stability was assessed at initiation of the testing and at the end of one, three, 

and six months. Accelerated stability testing results are reported below in Table 11. The 

"Assay" data reported represent the weight percent of atrasentan measured relative to the 

labeled dose (i.e., 0.50 mg). All data reported represent single values from single inns 
(i.e., n = 1). 

Table 11: Packaged Tablets 

TABLET PACKAGING 
CONFIGURATION 

WEIGHT % ATRASENTAN TABLET PACKAGING 
CONFIGURATION INITIAL 1 MONTH 3 MONTHS 6 MONTHS 

Phase III tablet 
(0.50 mg) 

20 Tablets in a one 
ounce HDPE bottle 
containing 1.1 g of a 
silica desiccant 

100.1% 100.4% 100.4% 100.3% Phase III tablet 
(0.50 mg) 

Tablet in aluminum 
(AI) foil blister 

99.3% 98.8% 100.6% 99.3% 

Phase III tablet 
(0.50 mg) 

Tablet in an ACLAR® 
4000 blister 

99.9% 98.6% 99.5% 97.1% 

Phase III tablet 
(0.50 mg) 

32 Tablets blistered in 
an ACLAR® 4000 
blister sealed in a foil 
overwrap with 1.1 g of 
a silica desiccant 

99.4% 97.7% 100.1% 99.1% 

Phase lib tablet 
(0.50 mg) 

32 Tablets blistered in 
an ACLAR® Rxl60 
blister sealed in a foil 
overwrap with 1.1 g of 
a silica desiccant 

99.3% 98.8% 100.8% 99.6% Phase lib tablet 
(0.50 mg) 

Tablet in aluminum 
(Al) foil blister 

98.8% 96.9% 95.7% 96.7% 

Phase lib tablet 
(0.50 mg) 

Tablet in an ACLAR® 
3000 blister 

100.2% 97.9% 95.3% 91.2% 

[0247] With the exception of the more protective blister sealed in a foil overwrap with 

desiccant packaging, the Phase ill tablet containing L-cysteine exhibited improved 

stability relative to the Phase lib tablet in all packaging configurations tested and should 

be suitable for use in a variety of blister package configurations. 

Example 12: Preparation of Phase III Tablets 

[0248] One batch of the 0.75 mg Phase EI tablets (i.e., the tablet corresponding to 

Table 10-B of Example 10) was prepared as described below. 

[0249] Atrasentan monohydrochloride (0.67 kg) and a first portion of hydroxypropyl 

methylcellulose (Hypromeilose E5, 0.84 kg) were added to a poly-bag and manually 

blended for about five minutes. The mixture of atrasentan monohydrochloride/ 
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hydroxypropyl methylcellulose was added slowly to water (9.4 kg) with stirring to form 

a suspension. The suspension was cooled to 12 C and the cooled suspension was mixed 

for three cycles under the following mixing conditions: two minutes of high shear mixing 

using an agitator and homogenizer at 100% of the maximum speed followed by 120 

minutes of mixing using the agitator only at 100% of the maximum speed. The 

suspension was mixed for an additional nine hours at 12 C using the agitator at 100% of 

the maximum speed. L-cysteine hydrochloride monohydrate (0.216 kg) was added to the 

suspension with stirring. The suspension was mixed for an additional 20 minutes using 

an agitator at 100% of the maximum speed and then heated to 20 "C. 

[0250] The intragranular excipients lactose monohydrate (90.61 kg), a second portion 

of hydroxypropyl methylcellulose (Hypromeilose E5, 2.16 kg), crospovidone 

(POLYPLASDONE™ XL, 3.5 kg), and a first portion of silicon dioxide (SYLOID®, 

0.25 kg) were added to a single pot processor and blended for 10 minutes at 10 RPM. 

The intragranular excipients were then blended for an additional five minutes at 102 

RPM. The atrasentan suspension prepared as described above was then added to the 

single pot processor at an average rate of 3.8 kg/minute while the contents of single pot 

processor were mixed at 102 RPM. Rinse water (7.6 kg) was added to the suspension 

vessel and the rinse water was then transferred to the single pot processor at an average 

rate of 3.8 kg/minutes while the contents of the single pot processor were mixed at 102 

RPM. 

[0251] The resulting granulation mixture was wet-massed with high shear mixing for 

30 seconds to one minute to an achieved target power end point (6.3kW). The 

granulation mixture was dried under vacuum at less than 15 mbar with the single pot 

processor bowl and lid temperature maintained at 75°C until a loss on drying moisture 

measurement of 0.7% to 1.8% was achieved. The granulation mixture was milled using 

a COMIL®to achieve a target particle size distribution of 250 jim (d90) and 100 

pm(d50). 

[0252] The extragranular excipients glycerol behenate (COMPRITOL®, 1.5 kg) and a 

second portion of silicon dioxide (SYLOID®, 0.25 kg) were added to the single pot 

processor and the extragranular excipients and milled granulation mixture were blended 
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for 10 minutes at 10 RPM. The blend was compressed to prepare tablet cores having a 

weight of 120 mg and a hardness greater than or equal to 40 N. An aqueous solution 

containing 9.7% HPMC and 0.3% Polyethylene Glycol 1450 was prepared for use as a 

tablet coating solution. The tablet cores were coated with a sufficient amount of the 

coating solution to provide a 3% weight gain and a target tablet weight of 123.6 mg. 

[0253] The 0.50 mg Phase III tablet (i.e., the tablet corresponding to Table I0-B of 

Example 10) can be prepared in a similar manner to the batch of the 0.75 mg Phase IH 

tablet described above with the amount of atrasentan monohydrochloride, L-cysteine 

hydrochloride monohydrate, and lactose monohydrate adjusted accordingly (i.e., the 

amount of atrasentan monohydrochloride used in each batch of the 0.50 mg Phase III 

tablets is 0.449 kg). 

[0254] All references (patent and non-patent) cited above are incorporated by 

reference into this patent application. The discussion of those references is intended 

merely to summarize the assertions made by their authors. No admission is made that 

any reference (or a portion of any reference) is relevant prior art (or prior art at all). 

Applicants reserve the right to challenge the accuracy and pertinence of the cited 

references. 
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WE CLAIM: 

1. A stable solid pharmaceutical dosage form comprising: 

(a) about 0.25 mg to about 1.25 mg of atrasentan, or an equivalent amount of 

a pharmaceutically acceptable salt thereof; wherein the weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, in the dosage form is from about 0.05 weight 

percent to about 2.0 weight percent on an atrasentan free base equivalent weight basis; 

(b) a pharmaceutically acceptable anti-oxidant; wherein the molar ratio of the 

anti-oxidant to atrasentan, or pharmaceutically acceptable salt thereof, is from about 10:1 

to about 1:10; and 

(c) a pharmaceutically acceptable diluent; 

wherein degradation of atrasentan in the dosage form is less than degradation of 

atrasentan in an otherwise identical dosage form lacking the anti-oxidant when the dosage 

forms are stored for a storage period of six months at about 40°C and about 75% relative 

' humidity. 

2. The dosage form of claim 1, wherein the anti-oxidant has an oxidation 

reduction potential less than the oxidation reduction potential of atrasentan and greater 

than about 550 mV. 

3. The dosage form of claim 1, wherein the anti-oxidant is L-cysteine, or a 

pharmaceutically acceptable salt or ester thereof. 

4. The dosage form of claim 1., wherein the weight percent of the anti­

oxidant in the dosage form is from about 0.05 weight percent to about 1.0 weight percent. 

5. The dosage form of claim 1, wherein the dosage form further comprises a 

binder. 

6. The dosage form of claim 5. wherein the binder is selected from the group 

consisting of hydroxymethylpropylcellulose, hydroxyethyipropylcellulose, and 

hydroxypropylcellulose. 
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7. The dosage form of claim 5, wherein the weight to weight ratio of the 

binder to atrasentan, or pharmaceutically acceptable salt thereof, is from about 2:1 to 

about 25:1 on an atrasentan free base equivalent weight basis. 

8. The dosage form of claim 5, wherein the weight percent of the binder in 

the dosage form is from about 1.0 weight percent to about 10.0 weight percent. 

9. The dosage form of claim 5, wherein: 

the molar ratio of the anti-oxidant to atrasentan, or pharmaceutically acceptable 

salt thereof, is from about 5:1 to about 1:5; and 

the weight to weight ratio of the binder to atrasentan, or pharmaceutically 

acceptable salt thereof, is from about 1:1 to about 20:1 on an atrasentan free base 

equivalent weight basis. 

10. The dosage form of claim 9, wherein the dosage form further comprises a 

disintegrant; wherein the weight to weight ratio of the disintegrant to the anti-oxidant is 

from about 60:1 to about 3:1. 

11. The dosage form of claim 10, wherein the weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, in the dosage form is from about 0.3 weight 

percent to about 0.8 weight percent on an atrasentan free base equivalent weight basis. 

12. The dosage form of claim 5, wherein the dosage form comprises: 

from about 0.05 weight percent to about 1.0 weight percent of the anti-oxidant; 

and 

from about 1.0 weight percent to about 10.0 weight percent of the binder. 

13. The dosage form of claim 5, wherein the dosage form comprises: 

(a) about 0.05 weight percent to about 1.0 weight percent of the anti-oxidant; 

(b) about 75 weight percent to about 99 weight percent of the diluent; 

(c) about 1.0 weight percent to about 10.0 weight percent of the 

pharmaceutically acceptable binder; 
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(d) optionally, about 1.0 weight percent to about 10.0 weight percent of a 

pharmaceutically acceptable disintegrant; 

(e) optionally, about 0 weight percent to about 1.5 weight percent of a 

pharmaceutically acceptable glidant; and 

(f) optionally, about 0 weight percent to about 5.0 weight percent of a 

pharmaceutically acceptable lubricant; 

wherein the cumulative weight percent for all components of the dosage form 

equals 100 percent. 

14. The dosage form of claim 1. wherein the dosage form is a tablet. 

15. The dosage form of claim 1, wherein the dosage form is packaged in a 

semi-permeable container. 

16. A stable solid pharmaceutical dosage form comprising: 

(a) about 0.25 mg to about 1.25 mg of atrasentan, or an equivalent amount of 

a pharmaceutically acceptable salt thereof; wherein the weight percent of atrasentan, or 

pharmaceutically acceptable salt thereof, in the dosage form is from about 0.05 weight 

percent to about 2.0 weight percent on an atrasentan free base equivalent weight basis; 

(b) L-cysteine, or a. pharmaceutically acceptable salt or ester thereof; wherein 

the molar ratio of the L-cysteine, or a pharmaceutically acceptable salt or ester thereof, to 

atrasentan, or pharmaceutically acceptable salt thereof, is from about 20:1 to about 1:10; 

and 

(c) a pharmaceutically acceptable diluent; 

wherein degradation, of atrasentan in the dosage form is less than degradation of 

atrasentan in an otherwise identical dosage form lacking the L-cvsteine, or a 

pharmaceutically acceptable salt or ester thereof, when the dosage forms are stored tor a 

storage period of six months at about 40°C and about 75% relative humidity. 
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17. The dosage form of claim 1.6, wherein the dosage form, further comprises a 

polymeric binder selected from the group consisting of hydroxymethylpropylceliulose. 

hydroxyethyipropylcellulose, and hydroxypropylcellulose, 

18. The dosage form of claim 17, wherein the polymeric binder is 

hydroxypropyl methylcellulose. 

19. The dosage form of claim 16, wherein the weight percent of the L-

cysteine, or pharmaceutically acceptable salt or ester thereof, in the dosage form is from 

about 0.05 weight percent to about 1.0 weight percent. 

20. The dosage form of claim 17, wherein the weight to weight ratio of the 

binder to atrasentan, or pharmaceutically acceptable salt thereof, is from about 2:1 to 

about 25:1 on an atrasentan free base equivalent weight basis. 

21. The dosage form of claim 17, wherein the weight percent of the binder in 

the dosage form is from about 1.0 weight percent, to about 10.0 weight percent. 

22. The dosage form of claim 16, wherein the dosage form further comprises a 

disintegrant; wherein the weight to weight ratio of the disintegrant to the L-cysteine, or 

pharmaceutically acceptable salt or ester thereof, is from about 60:1 to about 3:1. 

23. The dosage form- of claim 17, wherein: 

the molar ratio of the L-cysteine, or pharmaceutically acceptable salt or ester 

thereof, to atrasentan, or pharmaceutically acceptable salt thereof, is from about 5:1 to 

about 1:5; and 

the weight to weight ratio of the binder to atrasentan, or pharmaceutically 

acceptable sail thereof, is from about 1:1 to about 20:1 on an atrasentan free base 

equivalent weight basis. 

24. The dosage form of claim 23, wherein the dosage form further comprises a 

disintegrant; wherein the weight to weight ratio of the disintegrant to the L-cysteine, or 

pharmaceutically acceptable salt or ester thereof, is from about 60:1 to about 3:1. 
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25. The dosage form of claim 17, wherein the dosage form comprises: 

from about 0.05 weight percent to about 1.0 weight percent of the L-cysteine, or 

pharmaceutically acceptable salt or ester thereof; and 

from about 1.0 weight percent to about 10.0 weight percent of the binder. 

26. The dosage form of claim 25, wherein the dosage form further comprises a 

disintegrant; wherein the weight percent of the disintegrant in the dosage form is from 

about 1.0 weight percent to about 10.0 weight percent. 

27. The dosage form of claim 26, wherein the dosage form comprises from 

about 0.40 mg to about 0.85 mg of atrasentan. or an equivalent amount of a 

pharmaceutically acceptable salt thereof. 

28. The dosage form of claim 17, wherein the dosage form comprises: 

(a) about 0.05 weight percent to about 1.0 weight percent of the L-cysteine, or 

pharmaceutically acceptable salt or ester thereof; 

(b) about 75 weight percent to about 99 weight percent of the diluent; 

(e) about J. .0 weight percent to about 10.0 weight percent of the binder; 

(d) optionally, about 1.0 weight percent to about 10.0 weight percent of a 

pharmaceutically acceptable disintegrant; 

(e) optionally, about 0 weight percent to about 1.5 weight percent of a 

pharmaceutically acceptable glidant; and. 

(f) optionally, about 0 weight percent to about 5.0 weight percent of a 

pharmaceutically acceptable lubricant; 

wherein the cumulative weight percent for all components of the dosage form 

equals 100 percent. 

29. The dosage form of any of claim 28, wherein the polymeric binder is 

hydroxypropyl methylcel hxlose. 

30. The dosage form of claim 16, wherein the dosage form is a tablet. 
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31. The dosage form of claim 16, wherein the dosage form is packaged in a 

semi-permeable container. 

32. The dosage form of any of claims 1 to 31, wherein the dosage form further 

comprises a second therapeutic agent. 

33. A kit comprising a first dosage form and a second dosage form, wherein 

the first dosage form is a stable solid pharmaceutical dosage form of any of claims 1 to 

31, and the second dosage form comprises a second therapeutic agent. 

34. A container comprising one or more dosage forms of any of claims 1 to 

31. 

35. Use of a dosage form of any of claims 1 to 31 in the manufacture of a 

medicament for treating nephropathy, wherein the medicament is to be administered once 

daily to a human subject susceptible to or suffering from nephropathy. 

36. Use of a dosage form of any of claims 1 to 31 in the manufacture of a 

medicament for treating chronic kidney disease, wherein the medicament is to be 

administered once daily to a human subject susceptible to or suffering from chronic 

kidney disease. 


