
   

IN THE UNITED STATES DISTRICT COURT 
 

FOR THE DISTRICT OF DELAWARE 

CEPHALON, INC., 
 
 Plaintiff, 
 
 v. 
 
NANG KUANG PHARMACEUTICAL CO., LTD. 
and CANDA NK-1, LLC, 
 

Defendants.  

 
 
) 
) 
) 
) 
) C.A. No. ___________ 
) 
) 
) 
) 
) 

 
 

COMPLAINT 
 

Cephalon, Inc. (“Cephalon” or “Plaintiff”) brings this action for patent infringement 

against Defendants Nang Kuang Pharmaceutical Co., LTD (“Nang Kuang”) and CANDA NK-1, 

LLC (“CANDA”) (collectively, “CANDA/Nang Kuang” or “Defendants”). 

This is an action by Cephalon against Defendants for infringement of United States 

Patent No. 8,445,524 (“the ’524 patent”), United States Patent No. 8,436,190 (“the ’190 patent”), 

U.S. Patent No. 8,609,863 (“the ’863 patent”), and United States Patent No. 8,791,270 (“the ’270 

patent”).  This action arises out of Nang Kuang’s filing of an Abbreviated New Drug Application 

(“ANDA”) seeking approval by the United States Food and Drug Administration (“FDA”) to sell 

generic versions of TREANDA®, Cephalon’s innovative treatment for chronic lymphocytic 

leukemia and non-Hodgkin’s lymphoma, prior to the expiration of the ’524 patent, the ’190 

patent, the ’863 patent and the ’270 patent. 

THE PARTIES 

Cephalon, Inc. 

1. Plaintiff Cephalon, Inc. is a corporation operating and existing under the laws of 

Delaware, with its principal place of business at 41 Moores Road, Frazer, Pennsylvania 19355.  
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Cephalon is engaged in the business of research, development, manufacture, and sale of 

innovative pharmaceutical products throughout the world. 

Defendants 

2. On information and belief, Defendant Nang Kuang Pharmaceutical Co., LTD is a 

Taiwanese pharmaceutical company with its principal place of business at No. 1001, Zhongshan 

Rd, Xinhua Dist, Tainan City, Taiwan. 

3. On information and belief, Nang Kuang is in the business of making and selling 

generic pharmaceutical products, which it distributes, markets, and/or sells in the State of 

Delaware, and throughout the United States.  

4. On information and belief, Defendant CANDA NK-1, LLC is a Texas limited 

liability company having its offices at 1404 S. New Road, Waco, TX 76711.   

5. On information and belief, CANDA owns the rights to ANDA No. 206554, which 

was filed by Nang Kuang.  On information and belief, CANDA is in the business of making and 

selling generic pharmaceutical products, which it distributes, markets, and/or sells in the State of 

Delaware, and throughout the United States. 

JURISDICTION AND VENUE 

Subject Matter Jurisdiction 

6. This action for patent infringement arises under 35 U.S.C. § 271. 

7. This Court has jurisdiction over the subject matter of this action pursuant to 28 

U.S.C. §§ 1331 and 1338(a), and the Declaratory Judgment Act, 28 U.S.C §§ 2201 and 2202. 

Personal Jurisdiction Over Defendants 

8. On information and belief, this Court has personal jurisdiction over Nang Kuang 

because Nang Kuang:  (1) conducts business in this Judicial District and (2) has engaged in 
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continuous and systematic contacts with the State of Delaware and/or purposefully has availed 

itself of this forum by, among other things, making, marketing, shipping, using, offering to sell 

or selling, or causing others to use, offer to sell, or sell, Nang Kuang pharmaceutical products in 

this Judicial District, and deriving substantial revenue from such activities.  On information and 

belief, Nang Kuang also has committed, or aided, abetted, contributed to and/or participated in 

the commission of, the tortious action of patent infringement that has led to foreseeable harm and 

injury to Cephalon, which manufactures TREANDA® for sale and use throughout the United 

States, including the State of Delaware. 

9. On information and belief, this Court has personal jurisdiction over CANDA NK-

1, LLC because CANDA NK-1, LLC:  (1) conducts business in this Judicial District and (2) has 

engaged in continuous and systematic contacts with the State of Delaware and/or purposefully 

has availed itself of this forum by, among other things, making, marketing, shipping, using, 

offering to sell or selling, or causing others to use, offer to sell, or sell, CANDA NK-1, LLC 

pharmaceutical products in this Judicial District.  On information and belief, CANDA NK-1, 

LLC also has committed, or aided, abetted, contributed to and/or participated in the commission 

of, the tortious action of patent infringement that has led to foreseeable harm and injury to 

Cephalon, which manufactures TREANDA® for sale and use throughout the United States, 

including the State of Delaware. 

Venue 

10. Venue is proper in this Judicial District under 28 U.S.C. §§ 1391 and 1400(b).  
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BACKGROUND 

The ’524 Patent 

11. The ’524 patent, entitled “Solid Forms of Bendamustine Hydrochloride,” was 

duly and lawfully issued on May 21, 2013 to inventors Laurent D. Courvoisier, Robert E. 

McKean, Hans-Joachim Jänsch, and Veronique Courvoisier.   

12. The named inventors of the ’524 patent assigned their rights in the ’524 patent to 

Cephalon. 

13. Cephalon is the sole owner by assignment of all rights, title and interest in the 

’524 patent.   

14. The ’524 patent is listed in FDA publication “Approved Drug Products with 

Therapeutic Equivalence Evaluations,” commonly referred to as “the Orange Book” (“Orange 

Book”), with respect to TREANDA®. 

15. The ’524 patent will expire on March 26, 2029.  A true and accurate copy of the 

’524 patent is attached hereto as Exhibit A.   

The ’190 Patent 

16. The ’190 patent, entitled “Bendamustine Pharmaceutical Compositions,” was duly 

and lawfully issued on May 7, 2013 to inventors Jason Edward Brittain and Joe Craig Franklin.  

17. The named inventors of the ’190 patent assigned their rights in the ’190 patent to 

Cephalon. 

18. Cephalon is the sole owner by assignment of all rights, title and interest in the 

’190 patent.   

19. The ’190 patent is listed in the Orange Book with respect to TREANDA®. 
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20. The ’190 patent will expire on October 26, 2030.  A true and accurate copy of the 

’190 patent is attached hereto as Exhibit B.   

The ’863 Patent 
 

21. The ’863 patent, entitled “Bendamustine Pharmaceutical Compositions,” was duly 

and lawfully issued on December 17, 2013 to inventors Jason Edward Brittain and Joe Craig 

Franklin.  

22. The named inventors of the ’863 patent assigned their rights in the ’863 patent to 

Cephalon. 

23. Cephalon is the sole owner by assignment of all rights, title and interest in the 

’863 patent.   

24. The ’863 patent is listed in the Orange Book with respect to TREANDA®. 

25. The ’863 patent will expire on January 12, 2026.  A true and accurate copy of the 

’863 patent is attached hereto as Exhibit C.   

The ’270 Patent 

26. The ’270 patent, entitled “Bendamustine Pharmaceutical Compositions,” was duly 

and lawfully issued on July 29, 2014 to inventors Jason Edward Brittain and Joe Craig Franklin. 

27. The named inventors of the ’270 patent assigned their rights in the ’270 patent to 

Cephalon. 

28. Cephalon is the sole owner by assignment of all rights, title and interest in the 

’270 patent.   

29. The ’270 patent is listed in the Orange Book with respect to TREANDA®. 

30. The ’270 patent will expire on January 12, 2026.  A true and accurate copy of the 

’270 patent is attached hereto as Exhibit D.   
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The TREANDA® Drug Product 

31. Cephalon researched, developed, applied for and obtained FDA approval to 

manufacture, sell, promote and/or market bendamustine hydrochloride products known as 

TREANDA®.   

32. Cephalon has been selling, promoting, distributing and marketing TREANDA® in 

the United States since 2008.  

33. TREANDA® is indicated to treat chronic lymphocytic leukemia and non-

Hodgkin’s lymphoma.   

34. Cephalon holds New Drug Application No. 22249 and No. 22303 under Section 

505(a) of the Federal Food, Drug and Cosmetic Act, 21 U.S.C. § 355(a), for multiple 

TREANDA® products used for treating chronic lymphocytic leukemia and non-Hodgkin’s 

lymphoma. 

The CANDA/Nang Kuang ANDA 

35. Nang Kuang filed with FDA an Abbreviated New Drug Application under 21 

U.S.C. § 355(j) seeking approval to manufacture, use, offer for sale, sell and import into the 

United States a bendamustine hydrochloride for injection, 25 mg/vial and 100 mg/vial 

(“Defendants’ Bendamustine Product”) prior to the expiration of the ’524 patent, the ’190 patent 

and the ’863 patent.   

36. FDA assigned the ANDA for Defendants’ Bendamustine Product the number 

206554. 

37. Nang Kuang also filed with FDA, pursuant to 21 U.S.C. § 355(j)(2)(B)(iv), a 

certification alleging that the claims of the ’524 patent, ’190 patent and the ’863 patent are 

invalid, unenforceable and/or would not be infringed by the manufacture, use, importation, sale 
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or offer for sale of Defendants’ Bendamustine Product (“CANDA/Nang Kuang’s Paragraph IV 

Certification”).  

38. By letter dated July 22, 2014, CANDA/Nang Kuang notified Cephalon that it had 

filed ANDA No. 206554.seeking approval to market Defendants’ Bendamustine Product prior to 

the expiration of the ’524 patent, the ’190 patent and the ’863 patent (“CANDA/Nang Kuang 

Notice Letter”). 

39. On August 13. 2014, pursuant to an Offer of Confidential Access, Cephalon 

received portions of the ANDA filed by CANDA/Nang Kuang, and Cephalon reviewed those 

portions of the ANDA with respect to the ’524 patent, the ’190 patent and the ’863 patent only.  

40. This Action is being commenced before the expiration of forty-five days from the 

date of receipt of the CANDA/Nang Kuang Notice Letter.  

COUNT I FOR INFRINGEMENT OF U.S. PATENT NO. 8,445,524 BY DEFENDANTS 

41. The allegations of the proceeding paragraphs 1–40 are re-alleged and incorporated 

herein by reference.  

42. The use of Defendants’ Bendamustine Product is covered by one or more claims 

of the ’524 patent.   

43. The commercial manufacture, use, offer for sale, sale, marketing, distribution 

and/or importation of Defendants’ Bendamustine Product would infringe one or more claims of 

the ’524 patent.    

44. Under 35 U.S.C. § 271(e)(2)(A), CANDA/Nang Kuang’s submission to FDA of 

the CANDA/Nang Kuang ANDA to obtain approval for Defendants’ Bendamustine Product with 

a Paragraph IV Certification related thereto before the expiration of the ’524 patent constitutes an 

act of infringement, and if approved, the commercial manufacture, use, offer to sell, sale, or 
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importation of Defendants’ Bendamustine Product containing bendamustine hydrochloride, 

would infringe one or more claims of the ’524 patent. 

45. Defendants were aware of the ’524 patent when engaging in these knowing and 

purposeful activities and were aware that filing the CANDA/Nang Kuang ANDA with 

CANDA/Nang Kuang’s Paragraph IV Certification with respect to the ’524 patent constituted an 

act of infringement of the ’524 patent.   

46. On information and belief, Defendants’ Bendamustine Product contains the same 

active pharmaceutical ingredient, bendamustine hydrochloride, as that used in Cephalon’s 

TREANDA® products and claimed in the ’524 patent. 

47. On information and belief, the manufacture of Defendants’ Bendamustine Product 

is made using the solid form of bendamustine hydrochloride described in one or more claims of 

the ’524 patent. 

48. Defendants’ use of the solid form of bendamustine hydrochloride in the 

manufacture of Defendants’ Bendamustine Product infringes one or more claims of the ’524 

patent. 

49. On information and belief, Defendants plan and intend to, and will, infringe the 

’524 patent immediately and imminently upon approval of the CANDA/Nang Kuang ANDA. 

50. On information and belief, Defendants, under 35 U.S.C. § 271(b), acted in 

concert, actively supported, participated in, encouraged, and/or induced the infringement of one 

or more claims of the ’524 patent. 

51. On information and belief, Defendants plan and intend to, and will, actively 

induce infringement of the ’524 patent when the CANDA/Nang Kuang ANDA is approved, and 

plan and intend to, and will, do so immediately and imminently upon approval. 
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52. On information and belief, Defendants know that the solid form of bendamustine 

hydrochloride used to manufacture Defendants’ Bendamustine Product is especially made or 

adapted for use in infringing the ’524 patent and that the solid form of bendamustine 

hydrochloride used to manufacture Defendants’ Bendamustine Product is not suitable for 

substantial non-infringing uses.  On information and belief, Defendants plan and intend to, and 

will, contribute to the infringement of the ’524 patent immediately and imminently upon 

approval of the CANDA/Nang Kuang ANDA. 

53. The foregoing actions by Defendants constitute and/or would constitute 

infringement of the ’524 patent, active inducement of infringement of the ’524 patent and/or 

contribution to the infringement by others of the ’524 patent. 

54. On information and belief, Defendants acted without a reasonable basis for 

believing that it would not be liable for infringing the ’524 patent, actively inducing infringement 

of the ’524 patent and/or contributing to the infringement by others of the ’524 patent. 

55. Cephalon will be substantially and irreparably harmed by Defendants’ infringing 

activities unless the Court enjoins those activities.  Cephalon will have no adequate remedy at 

law if Defendants are not enjoined from the commercial manufacture, use, offer to sell, sale in 

and importation into the United States of Defendants’ Bendamustine Product. 

56. Defendants’ activities render this case an exceptional one, and Cephalon is 

entitled to an award of their reasonable attorney fees under 35 U.S.C. § 285. 

COUNT II FOR DECLARATORY JUDGMENT OF  
INFRINGEMENT OF U.S. PATENT NO. 8,445,524 BY DEFENDANTS 

 
57. The allegations of the proceeding paragraphs 1–56 are re-alleged and incorporated 

herein by reference. 
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58. On information and belief, Defendants plan to begin manufacturing, marketing, 

selling, offering to sell and/or importing Defendants’ Bendamustine Product soon after FDA 

approval of the CANDA/Nang Kuang ANDA. 

59. Such conduct will constitute direct infringement of one or more claims on the 

’524 patent under 35 U.S.C. § 271(a), inducement of infringement of the ’524 patent under 35 

U.S.C. § 271(b), and contributory infringement under 35 U.S.C. § 271(c). 

60. Defendants’ infringing patent activity complained of herein is imminent and will 

begin following FDA approval of the CANDA/Nang Kuang ANDA. 

61. As a result of the foregoing facts, there is a real, substantial, and continuing 

justiciable controversy between Cephalon and Defendants as to liability for the infringement of 

the ’524 patent.  Defendants’ actions have created in Cephalon a reasonable apprehension of 

irreparable harm and loss resulting from Defendants’ threatened imminent actions. 

62. On information and belief, Defendants will knowingly and willfully infringe the 

’524 patent. 

63. Cephalon will be irreparably harmed if Defendants are not enjoined from 

infringing the ’524 patent. 

COUNT III FOR INFRINGEMENT OF U.S. PATENT NO. 8,436,190 BY DEFENDANTS 

64. The allegations of the proceeding paragraphs 1–63 are re-alleged and incorporated 

herein by reference.  

65. The use of Defendants’ Bendamustine Product is covered by one or more claims 

of the ’190 patent.   
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66. The commercial manufacture, use, offer for sale, sale, marketing, distribution 

and/or importation of Defendants’ Bendamustine Product would infringe one or more claims of 

the ’190 patent. 

67. Under 35 U.S.C. § 271(e)(2)(A), CANDA/Nang Kuang’s submission to FDA of 

the CANDA/Nang Kuang ANDA to obtain approval for Defendants’ Bendamustine Product with 

a Paragraph IV Certification related thereto before the expiration of the ’190 patent constitutes an 

act of infringement, and if approved, the commercial manufacture, use, offer to sell, sale, or 

importation of Defendants’ Bendamustine Product containing bendamustine hydrochloride, 

would infringe one or more claims of the ’190 patent. 

68. Defendants were aware of the ’190 patent when engaging in these knowing and 

purposeful activities and were aware that filing the CANDA/Nang Kuang ANDA with 

CANDA/Nang Kuang’s Paragraph IV Certification with respect to the ’190 patent constituted an 

act of infringement of the ’190 patent.   

69. On information and belief, Defendants’ Bendamustine Product contains the same 

active pharmaceutical ingredient, bendamustine hydrochloride, as that used in Cephalon’s 

TREANDA® products and claimed in the ’190 patent. 

70. On information and belief, the manufacture of Defendants’ Bendamustine Product 

is made by lyophilizing the bendamustine hydrochloride pharmaceutical compositions described 

in one or more claims of the ’190 patent. 

71. Defendants’ use of a lyophilized bendamustine hydrochloride pharmaceutical 

composition in the manufacture of Defendants’ Bendamustine Product infringes one or more 

claims of the ’190 patent. 
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72. On information and belief, Defendants plan and intend to, and will, infringe the 

’190 patent immediately and imminently upon approval of the CANDA/Nang Kuang ANDA. 

73. On information and belief, Defendants, under 35 U.S.C. § 271(b), acted in 

concert, actively supported, participated in, encouraged, and/or induced the infringement of one 

or more claims of the ’190 patent. 

74. On information and belief, Defendants plan and intend to, and will, actively 

induce infringement of the ’190 patent when the CANDA/Nang Kuang ANDA is approved, and 

plan and intend to, and will, do so immediately and imminently upon approval. 

75. On information and belief, Defendants know that the lyophilized bendamustine 

hydrochloride pharmaceutical composition used to manufacture Defendants’ Bendamustine 

Product is especially made or adapted for use in infringing the ’190 patent and that the 

bendamustine hydrochloride pharmaceutical composition used to manufacture Defendants’ 

Bendamustine Product is not suitable for substantial non-infringing uses.  On information and 

belief, Defendants plan and intend to, and will, contribute to the infringement of the ’190 patent 

immediately and imminently upon approval of the CANDA/Nang Kuang ANDA. 

76. The foregoing actions by Defendants constitute and/or would constitute 

infringement of the ’190 patent, active inducement of infringement of the ’190 patent and/or 

contribution to the infringement by others of the ’190 patent. 

77. On information and belief, Defendants acted without a reasonable basis for 

believing that they would not be liable for infringing the ’190 patent, actively inducing 

infringement of the ’190 patent and/or contributing to the infringement by others of the ’190 

patent. 
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78. Cephalon will be substantially and irreparably harmed by Defendants’ infringing 

activities unless the Court enjoins those activities.  Cephalon will have no adequate remedy at 

law if Defendants are not enjoined from the commercial manufacture, use, offer to sell, sale in 

and importation into the United States of Defendants’ Bendamustine Product. 

79. Defendants’ activities render this case an exceptional one, and Cephalon is 

entitled to an award of their reasonable attorney fees under 35 U.S.C. § 285. 

COUNT IV FOR DECLARATORY JUDGMENT OF  
INFRINGEMENT OF U.S. PATENT NO. 8,436,190 BY DEFENDANTS 

 
80. The allegations of the proceeding paragraphs 1–79 are re-alleged and incorporated 

herein by reference. 

81. On information and belief, Defendants plan to begin manufacturing, marketing, 

selling, offering to sell and/or importing Defendants’ Bendamustine Product soon after FDA 

approval of the CANDA/Nang Kuang ANDA. 

82. Such conduct will constitute direct infringement of one or more claims on the 

’190 patent under 35 U.S.C. § 271(a), inducement of infringement of the ’190 patent under 35 

U.S.C. § 271(b), and contributory infringement under 35 U.S.C. § 271(c). 

83. Defendants’ infringing patent activity complained of herein is imminent and will 

begin following FDA approval of the CANDA/Nang Kuang ANDA. 

84. As a result of the foregoing facts, there is a real, substantial, and continuing 

justiciable controversy between Cephalon and Defendants as to liability for the infringement of 

the ’190 patent.  Defendants’ actions have created in Cephalon a reasonable apprehension of 

irreparable harm and loss resulting from Defendants’ threatened imminent actions. 

85. On information and belief, Defendants will knowingly and willfully infringe the 

’190 patent. 
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86. Cephalon will be irreparably harmed if Defendants are not enjoined from 

infringing the ’190 patent. 

COUNT V FOR INFRINGEMENT OF U.S. PATENT NO. 8,609,863 BY DEFENDANTS  

87. The allegations of the proceeding paragraphs 1–86 are re-alleged and incorporated 

herein by reference.  

88. The use of Defendants’ Bendamustine Product is covered by one or more claims 

of the ’863 patent.   

89. The commercial manufacture, use, offer for sale, sale, marketing, distribution 

and/or importation of Defendants’ Bendamustine Product would infringe one or more claims of 

the ’863 patent.    

90. Under 35 U.S.C. § 271(e)(2)(A), CANDA/Nang Kuang’s submission to FDA of 

the CANDA/Nang Kuang ANDA to obtain approval for CANDA/Nang Kuang’s Bendamustine 

Product with a Paragraph IV Certification related thereto before the expiration of the ’863 patent 

constitutes an act of infringement, and if approved, the commercial manufacture, use, offer to 

sell, sale, or importation of Defendants’ Bendamustine Product containing bendamustine 

hydrochloride, would infringe one or more claims of the ’863 patent. 

91. Defendants were aware of the ’863 patent when engaging in these knowing and 

purposeful activities and were aware that filing the CANDA/Nang Kuang ANDA with 

CANDA/Nang Kuang’s Paragraph IV Certification with respect to the ’863 patent constituted an 

act of infringement of the ’863 patent.   

92. On information and belief, Defendants’ Bendamustine Product contains the same 

active pharmaceutical ingredient, bendamustine hydrochloride, as that used in Cephalon’s 

TREANDA® products and claimed in the ’863 patent. 
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93. On information and belief, the manufacture of Defendants’ Bendamustine Product 

is made by lyophilizing a bendamustine hydrochloride pharmaceutical composition covered by 

one or more claims of the ’863 patent.  

94. Defendants’ use of a lyophilized bendamustine hydrochloride pharmaceutical 

composition in the manufacture of Defendants’ Bendamustine Product infringes one or more 

claims of the ’863 patent. 

95. On information and belief, Defendants plan and intend to, and will, infringe the 

’863 patent immediately and imminently upon approval of the CANDA/Nang Kuang ANDA. 

96. On information and belief, Defendants, under 35 U.S.C. § 271(b), acted in 

concert, actively supported, participated in, encouraged, and/or induced the infringement of one 

or more claims of the ’863 patent. 

97. On information and belief, Defendants plan and intend to, and will, actively 

induce infringement of the ’863 patent when the CANDA/Nang Kuang ANDA is approved, and 

plan and intend to, and will, do so immediately and imminently upon approval. 

98. On information and belief, Defendants know that the lyophilized bendamustine 

hydrochloride pharmaceutical composition used to manufacture Defendants’ Bendamustine 

Product is especially made or adapted for use in infringing the ’863 patent and that the 

lyophilized bendamustine hydrochloride pharmaceutical composition used to manufacture 

Defendants’ Bendamustine Product is not suitable for substantial non-infringing uses.  On 

information and belief, Defendants plan and intend to, and will, contribute to the infringement of 

the ’863 patent immediately and imminently upon approval of the CANDA/Nang Kuang ANDA. 
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99. The foregoing actions by Defendants constitute and/or would constitute 

infringement of the ’863 patent, active inducement of infringement of the ’863 patent and/or 

contribution to the infringement by others of the ’863 patent. 

100. On information and belief, Defendants acted without a reasonable basis for 

believing that they would not be liable for infringing the ’863 patent, actively inducing 

infringement of the ’863 patent and/or contributing to the infringement by others of the ’863 

patent. 

101. Cephalon will be substantially and irreparably harmed by Defendants’ infringing 

activities unless the Court enjoins those activities.  Cephalon will have no adequate remedy at 

law if Defendants are not enjoined from the commercial manufacture, use, offer to sell, sale in 

and importation into the United States of Defendants’ Bendamustine Product. 

102. Defendants’ activities render this case an exceptional one, and Cephalon is 

entitled to an award of their reasonable attorney fees under 35 U.S.C. § 285. 

COUNT VI FOR DECLARATORY JUDGMENT OF  
INFRINGEMENT OF U.S. PATENT NO. 8,609,863 BY DEFENDANTS 

 
103. The allegations of the proceeding paragraphs 1–102 are re-alleged and 

incorporated herein by reference. 

104. On information and belief, Defendants plan to begin manufacturing, marketing, 

selling, offering to sell and/or importing Defendants’ Bendamustine Product soon after FDA 

approval of the CANDA/Nang Kuang ANDA. 

105. Such conduct will constitute direct infringement of one or more claims of the ’863 

patent under 35 U.S.C. § 271(a), inducement of infringement of the ’863 patent under 35 U.S.C. 

§ 271(b), and contributory infringement under 35 U.S.C. § 271(c). 
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106. Defendants’ infringing patent activity complained of herein is imminent and will 

begin following FDA approval of the CANDA/Nang Kuang ANDA. 

107. As a result of the foregoing facts, there is a real, substantial, and continuing 

justiciable controversy between Cephalon and Defendants as to liability for the infringement of 

the ’863 patent.  Defendants’ actions have created in Cephalon a reasonable apprehension of 

irreparable harm and loss resulting from Defendants’ threatened imminent actions. 

108. On information and belief, Defendants will knowingly and willfully infringe the 

’863 patent. 

109. Cephalon will be irreparably harmed if Defendants are not enjoined from 

infringing the ’863 patent. 

COUNT VII DECLARATORY JUDGMENT OF  
INFRINGEMENT OF U.S. PATENT NO. 8,791,270 BY DEFENDANTS 

 
110. The allegations of the proceeding paragraphs 1–109 are re-alleged and 

incorporated herein by reference. 

111. The use of Defendants’ Bendamustine Product is covered by one or more claims 

of the ’270 patent.   

112. The commercial manufacture, use, offer for sale, sale, marketing, distribution 

and/or importation of Defendants’ Bendamustine Product would infringe one or more claims of 

the ’270 patent.    

113. On information and belief, Defendants plan to begin manufacturing, marketing, 

selling, offering to sell and/or importing Defendants’ Bendamustine Product soon after FDA 

approval of the CANDA/Nang Kuang ANDA. 
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114. Such conduct will constitute direct infringement of one or more claims on the 

’270 patent under 35 U.S.C. § 271(a), inducement of infringement of the ’270 patent under 35 

U.S.C. § 271(b), and contributory infringement under 35 U.S.C. § 271(c). 

115. Defendants’ infringing patent activity complained of herein is imminent and will 

begin following FDA approval of the CANDA/Nang Kuang ANDA. 

116. As a result of the foregoing facts, there is a real, substantial, and continuing 

justiciable controversy between Plaintiff and Defendants as to liability for the infringement of 

the ’270 patent.  Defendants’ actions have created in Plaintiff a reasonable apprehension of 

irreparable harm and loss resulting from Defendants’ threatened imminent actions. 

117. On information and belief, Defendants’ Bendamustine Product contains the same 

active pharmaceutical ingredient, bendamustine hydrochloride, as that used in Cephalon’s 

TREANDA® products and claimed in the ’270 patent. 

118. On information and belief, Defendants’ Bendamustine Product is the 

pharmaceutical composition of bendamustine hydrochloride, containing less than or equal to 

4.0% (area percent of bendamustine) of bendamustine degradants, recited in one or more claims 

of the ’270 patent. 

119. On information and belief, Defendants’ Bendamustine Product is the 

pharmaceutical composition of bendamustine hydrochloride, containing not more than the 

amount of the HP1 degradant, recited in one or more claims of the ’270 patent.  

120. On information and belief, Defendants’ Bendamustine Product infringes one or 

more claims of the ’270 patent. 

121. On information and belief, Defendants plan and intend to, and will, infringe the 

’270 patent immediately and imminently upon approval of the CANDA/Nang Kuang ANDA. 
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122. On information and belief, Defendants, under 35 U.S.C. § 271(b), acted in 

concert, actively supported, participated in, encouraged, and/or induced the infringement of one 

or more claims of the ’270 patent. 

123. On information and belief, Defendants plan and intend to, and will, actively 

induce infringement of the ’270 patent when the CANDA/Nang Kuang ANDA is approved, and 

plan and intend to, and will, do so immediately and imminently upon approval. 

124. The foregoing actions by Defendants constitute and/or would constitute 

infringement of the ’270 patent, active inducement of infringement of the ’270 patent and/or 

contribution to the infringement by others of the ’270 patent. 

125. On information and belief, Defendants will knowingly and willfully infringe the 

’270 patent. 

126. Cephalon will be substantially and irreparably harmed by Defendants’ infringing 

activities unless the Court enjoins those activities.  Cephalon will have no adequate remedy at 

law if Defendants are not enjoined from the commercial manufacture, use, offer to sell, sale in 

and importation into the United States of Defendants’ Bendamustine Product. 

127. Defendants’ activities render this case an exceptional one, and Plaintiff is entitled 

to an award of their reasonable attorney fees under 35 U.S.C. § 285. 

PRAYER FOR RELIEF 

 WHEREFORE, Cephalon respectfully request the following relief: 

a. a judgment that the ’524 patent, ’190 patent, the ’863 patent and the ’270 patent 

are valid and enforceable; 

b. a judgment that Nang Kuang’s submission of the CANDA/Nang Kuang ANDA 

No. 206554, including any amendments, was an act of infringement of one or more claims of the 
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’524 patent, the ’190 patent and the ’863 patent and that the making, using, offering to sell, 

selling, marketing, distributing, or importing of Defendants’ Bendamustine Products prior to the 

expiration of the ’524 patent, the ’190 patent, and the ’863 patent will infringe, actively induce 

infringement and/or contribute to the infringement of one or more claims of the ’524 patent, the 

’190 patent and the ’863 patent; 

c. a judgment that the making, using, offering to sell, selling, marketing, 

distributing, or importing of Defendants’ Bendamustine Products prior to the expiration of the 

’270 patent will infringe, actively induce infringement and/or contribute to the infringement of 

one or more claims of the ’270 patent; 

d. an Order pursuant to 35 U.S.C. § 271(e)(4)(A) providing that the effective date of 

any FDA approval of the CANDA/Nang Kuang ANDA No. 206554 or any product or compound 

the use of which infringes the’524 patent, the ’190 patent or the ’863 patent shall be a date that is 

not earlier than the expiration of the’524 patent, the ’190 patent and the ’863 patent;   

e. an Order pursuant to 35 U.S.C. § 271(e)(4)(B) permanently enjoining Defendants 

and all persons acting in concert with Defendants from commercially manufacturing, using, 

offering for sale, selling, marketing, distributing, or importing Defendants’ Bendamustine 

Products, or any product or compound the use of which infringes the ’524 patent, the ’190 patent 

or the ’863 patent, or inducing or contributing to the infringement of the ’524 patent, the ’190 

patent or the ’863 patent until after the expiration of the ’524 patent, the ’190 patent and the ’863 

patent; 

f. an Order pursuant to 35 U.S.C. § 283 permanently enjoining Defendants and all 

persons acting in concert with Defendants from commercially manufacturing, using, offering for 

sale, selling, marketing, distributing, or importing Defendants’ Bendamustine Products, or any 
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product or compound the use of which infringes the ’524 patent, the ’190 patent, the ’863 patent 

or the ’270 patent, or inducing or contributing to the infringement of the ’524 patent, the ’190 

patent, the ’863 patent or the ’270 patent until after the expiration of the ’524 patent, the ’190 

patent, the ’863 patent and ’270 patent; 

g. an Order enjoining Defendants and all persons acting in concert with Defendants 

from seeking, obtaining, or maintaining approval of the CANDA/Nang Kuang ANDA No. 

206554before the expiration of the ’524 patent, the ’190 patent, the ’863 patent and the ’270 

patent; 

h. an award of Cephalon’s damages or other monetary relief to compensate 

Cephalon if CANDA/Nang Kuang engages in the commercial manufacture, use, offer to sell, 

sale or marketing or distribution in, or importation into the United States of Defendants’ 

Bendamustine Products, or any product or compound the use of which infringes the ’524 patent, 

the ’190 patent or the ’863 patent, or the inducement or contribution of the foregoing, prior to the 

expiration of the ’524 patent, the ’190 patent and the ’863 patent in accordance with 35 U.S.C. § 

271(e)(4)(C);  

i. an award of Cephalon’s damages or other monetary relief to compensate 

Cephalon if CANDA/Nang Kuang engages in the commercial manufacture, use, offer to sell, 

sale or marketing or distribution in, or importation into the United States of Defendants’ 

Bendamustine Products, or any product or compound the use of which infringes the ’524 patent, 

the ’190 patent, the ’863 patent or the ’270 patent, or the inducement or contribution of the 

foregoing, prior to the expiration of the ’524 patent, the ’190 patent, the ’863 patent or the ’270 

patent; 
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j. a judgment that this is an exceptional case and awarding Cephalon its attorneys’ 

fees under 35 U.S.C. § 285; 

k. an award of Cephalon’s reasonable costs and expenses in this action; and 

l. an award of any further and additional relief to Cephalon as this Court deems just 

and proper. 
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CROSS-REFERENCE TO RELATED

APPLICATION

This application is a continuation of U.S. application Ser.

No. 12/41 1 ,929, filed Mar. 26, 2009, which claims the benefit

of U.S. Provisional Application No. 61/039,752, filed Mar.

26, 2008. The disclosures of these prior applications are

incorporated herein by reference in their entireties for all

purposes.

FIELD OF THE INVENTION

This invention pertains to bendamustine-containing com

positions, pharmaceutical compositions comprising benda-

mustine, processes to reproducibly make them, and methods

of treating patients using them.

BACKGROUND OF THE INVENTION

Active pharmaceutical ingredients (APIs) can be prepared

in a variety ofdifferent forms, for example, chemical deriva

tives, solvates, hydrates, co-crystals, or salts. APIs may also

be prepared in different solid forms, in that they may be

amorphous, may exist as different crystalline polymorphs,

and/or in different solvation or hydration states. By varying

the form of an API, it is possible to vary the physical proper

ties thereof. For instance, solid forms ofanAPI typically have

different solubilities such that a more thermodynamically

stable solid form is less soluble than a less thermodynami

cally stable solid form. Solid forms can also differ in proper

ties such as shelf-life, bioavailability, morphology, vapor

pressure, density, color, and compressibility. Accordingly,

variation of the solid state of an API is one of many ways in

which to modulate the physical and pharmacological proper

ties thereof.

Bendamustine, 4- { 5- [Bis(2-chloroethyl)amino] - 1 -me-
thyl-2-benzimidazolyl}butyric acid:

OH -HCl

Bendamustine Hydrochloride

was initially synthesized in 1 963 in the German Democratic

Republic (GDR) and was available from 1 97 1 to 1 992 there

under the tradename Cytostasan®. See, e.g., W. Ozegowski

and D. Krebs, IMET 3393 Y-[l-methyl-5-bis-(P-chloroet-

hyl)-aminobenzimidazolo-(2)]-butyryl chloride, a new cyto

static agent ofthe group ofbenzimidazole nitrogen mustards.

Zbl. Pharm. 110, (1971) Heft 10, 1013-1019, describing the

synthesis of bendamustine hydrochloride monohydrate.

Since that time, it has been marketed in Germany under the

tradename Ribomustin®. Bendamustine is an alkylating

agent that has been shown to have therapeutic utility in treat

ing diseases such as chronic lymphocytic leukemia,

Hodgkin's disease, non-Hodgkin's lymphoma, multiple

myeloma, and breast cancer.

While bendamustine has been demonstrated as efficacious,

it is known to be unstable, especially in aqueous solutions,

leading to technical difficulties in its preparation and admin

istration. Researchers, therefore, have investigated methods

5 of improving the preparation and stability of bendamustine

and its formulations. For example, German (GDR) Patent No.

159877 discloses a method for preparing bendamustine free

base by reaction of the bis-hydroxyl precursor with thionyl

chloride followed by recrystallization from water,

to German (GDR) Patent No. 34727 discloses a method of

preparing derivatives ofbendamustine. The described deriva

tives differ from bendamustine in the substitution at the 1 -po

sition.

German (GDR) Patent No. 80967 discloses an injectable

15 preparation of bendamustine hydrochloride monohydrate,

ascorbic acid, and water. GDR 80967 describes that lyo-

philization of compounds such as bendamustine is only pos

sible if the compound is of sufficient stability that it can

withstand the processing conditions. The preparation

20 described in GDR 80967 is not lyophilized.

German (GDR) Patent No. 159289 discloses a ready-to

use, injectable solution of bendamustine hydrochloride that

avoids lyophilization. GDR 159289 describes an anhydrous

solution of bendamustine hydrochloride in 1,2-propylene

25 glycol or ethanol.

U.S. application Ser. No. 11/330,868, filed Jan. 12, 2006,

assigned to Cephalon, Inc., Frazer, Pa., discloses methods of

preparing lyophilized pharmaceutical compositions compris

ing bendamustine hydrochloride.

30 In light of the potential benefits of different solid forms of

APIs and in light of the efficacy of bendamustine, a need

exists to identify and prepare novel solid forms ofbendamus

tine hydrochloride.

35 SUMMARY OF THE INVENTION

Solid forms ofbendamustine hydrochloride are described,

as well as methods of their preparation. For example, in some

embodiments, the invention is directed to a solid form of

40 bendamustine hydrochloride that comprises at least one of

bendamustine hydrochloride Form 1, bendamustine hydro

chloride Form 3, bendamustine hydrochloride Form 4, amor

phous bendamustine hydrochloride, or a mixture thereof.

This solid form of bendamustine hydrochloride may be one

45 that produces an X-ray powder diffraction pattern comprising

one or more of the following reflections: 25.1, 24.9, 22.9,

22.0, and/or 14.1 ±0.2 degrees 20, or that produces an X-ray

powder diffraction pattern further comprising one or more of

the following reflections: 16.8, 17.5, 18.5, 24.9, and/or

50 28.3±0.2 degrees 20. Alternatively, the solid form of benda

mustine hydrochloride may produce an X-ray powder diffrac

tion pattern comprising one or more of the following reflec

tions: 26.1, 27.9, and/or 28.1±0.2 degrees 20, or that further

produces an X-ray powder diffraction pattern further com-

55 prising one or more of the following reflections: 10.6, 15.6,

and/or 19.8±0.2 degrees 20. Other embodiments may pro

duce an X-ray powder diffraction pattern comprising one or

more of the following reflections: 10.8, 15.5, 20.5, and/or

23.6±0.2 degrees 20, or that produce an X-ray powder dif-

60 fraction pattern further comprising one or more ofthe follow

ing reflections: 10.3, 19.6, 20.7, 21.2, 25.8 and/or 27.6±0.2

degrees 20.

Another embodiment of the invention is directed to com

positions comprising a solid form of bendamustine hydro-

65 chloride, such as described above. In certain embodiments,

the composition is a pharmaceutical composition that further

comprises at least one pharmaceutically acceptable excipient.
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In other embodiments, the composition is a lyophilized com

position. In certain embodiments the composition comprises

a single solid form of bendamustine hydrochloride and is

substantially free ofother solid forms. Alternatively, the com

position may contain a mixture of solid forms, such as a 5

mixture of a crystalline form ofbendamustine hydrochloride

and amorphous bendamustine. Thus, the composition may,

for example, be a lyophilized composition that produces an

X-ray powder diffraction pattern comprising one or more of

the following reflections: 7.98, 10.58, 15.43, 19.64, and/or 10

19.89±0.2 degrees 20.

Methods of preparing the compositions, and methods of

using same for use in treating chronic lymphocytic leukemia,

Hodgkin's disease, non-Hodgkin's lymphoma, multiple

myeloma or breast cancer are also described.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a 1H NMR spectrum ofbendamustine hydrochlo
ride 20

FIG. 2 is an X-ray Powder Diflfactogram (XRPD) ofben

damustine hydrochloride Form 1

FIG. 3 is a Differential Scanning calorimetry (DSC) Ther

mogram of bendamustine hydrochloride Form 1

FIG. 4 is a Thermo-Gravimetric Analysis (TGA) Thermo- 25

gram of bendamustine hydrochloride Form 1

FIG. 5 is a Gravimetric Vapor Sorption (GVS) trace of

bendamustine hydrochloride Form 1

FIG. 6 is an X-ray Powder Diflfactogram ofbendamustine

hydrochloride Form 2 30

FIG. 7A is a DSC Thermogram of bendamustine hydro

chloride Form 2

FIG. 7B is a DSC Thermogram of bendamustine hydro

chloride Form 2 using a 2° C. per minute heating rate.

FIG. 8 is a TGA Thermogram ofbendamustine hydrochlo- 35

ride Form 2

FIG. 9 is a GVS trace ofbendamustine hydrochloride Form

2

FIG. 10 is an X-ray Powder Diflfactogram of bendamus

tine hydrochloride Form 3 40

FIG. 11 is an X-ray Powder Diflfactogram of bendamus

tine hydrochloride Form 4

FIG. 12 is a DSC Thermogram of bendamustine hydro

chloride Form 4

FIG. 13 is an X-ray Powder Diflfactogram of amorphous 45

bendamustine hydrochloride

FIG. 14 is an X-ray Powder Diflfactogram ofone embodi

ment of the present invention comprising amorphous benda

mustine hydrochloride, bendamustine hydrochloride Form 3,

andmannitol (Lot#426804). 50

DETAILED DESCRIPTION OF ILLUSTRATIVE

EMBODIMENTS

Four polymorphs of crystalline bendamustine hydrochlo- 55

ride are disclosed herein (referred to herein as Form 1, Form

2, Form 3, and Form 4). Also described is amorphous (i.e.,

non-crystalline) bendamustine hydrochloride. Spectral data

relating to these solid forms of bendamustine hydrochloride

is depicted in FIGS. 1-14, and methods ofpreparing each of 60

these forms is presented

In preferred embodiments are solid forms ofbendamustine

hydrochloride that comprise Form 1 , Form 2, Form 3, Form 4,

or mixtures thereof. More preferred embodiments are solid

forms ofbendamustine hydrochloride that are Form 1 , Form 65

3, Form 4, amorphous bendamustine hydrochloride, or mix

tures thereof. In other embodiments, solid forms ofthe inven

tion may further comprise bendamustine hydrochloride Form

2. These polymorphic solid forms may be identified, for

example, by X-ray powder diffraction and characterized by

one, two, three, four, five, or more reflection peaks that are

characteristic of each polymorphic form. The four crystalline

polymorphs (Form 1, Form 2, Form 3, Form 4) and amor

phous bendamustine ydrochloride can also be identified by

reference to their DSC thermograms, TGA thermograms,

and/or GVS traces, which are set forth in FIGS. 1-14. Meth

ods ofmaking solid forms ofbendamustine, including each of

the described polymorphs, or a mixture of polymorphs, and

amorphous bendamustine hydrochloride can be preformed

using the techniques described herein.

Any of the solid forms of bendamustine hydrochloride

described herein can be a component of a composition com

prising bendmustine hydrochloride. In some embodiments,

these compositions comprising at least one of the solid forms

ofbendamustine hydrochloride described herein are substan

tially free of other solid forms of bendamustine hydrochlo

ride.

Certain ofthe preferred embodiments ofthe invention may

be characterized, at least in part, by X-ray Powder Diffrac

tion. As is known in the art, crystalline solids produce a

distinctive diffraction pattern ofpeaks, represented in what is

referred to as a diflfactogram. The peak assignments for a

given crystalline material, for example, degree 20 values,

may vary slightly, depending on the instrumentation used to

obtain the diflfactogram and certain other factors, for

example, sample preparation. Nevertheless, these variations

should not be more than +/-0.2 degrees 20 and the relative

spacing between the peaks in the diflfactogram will always be

the same, regardless of the instrumentation used or the

method of sample preparation, and the like.

In preferred embodiments, compositions of the invention

are pharmaceutical compositions that further comprise at

least one pharmaceutically acceptable excipient. Preferred

excipients include, for example, sodium phosphate, potas

sium phosphate, citric acid, tartaric acid, gelatin, glycine,

marmitol, lactose, sucrose, maltose, glycerin, dextrose, dex-

tran, trehalose, hetastarch, or a mixture thereof. A more pre

ferred pharmaceutical excipient is marmitol.

In another embodiment ofthe invention are pharmaceutical

compositions comprising Form 1 , Form 2, Form 3, Form 4, or

mixtures thereof, of bendamustine hydrochloride. In more

preferred embodiments are compositions, preferably phar

maceutical compositions, that comprise Form 1, Form 3,

Form 4, amorphous, or mixtures thereof, of bendamustine

hydrochloride. In other embodiments, the pharmaceutical

compositions further comprise Form 2 or bendamustine

hydrochloride. More preferred embodiments of the invention

are pharmaceutical compositions comprising one or more of

Form 1, Form 2, Form 3, and Form 4 with amorphous ben

damustine hydrochloride.

In another embodiment of the invention are lyophilized

compositions comprising at least one solid form of benda

mustine hydrochloride as described herein. Preferred lyo

philized compositions of the invention include those that

comprise a mixture of amorphous bendamustine hydrochlo

ride and at least one crystalline form ofbendamustine hydro

chloride. More preferred lyophilized compositions of the

invention include those that comprise a mixture ofamorphous

bendamustine hydrochloride and bendamustine hydrochlo

ride Form 4.

Lyophilized compositions of the invention can further

include at least one pharmaceutically acceptable excipient.

Preferred excipients include, for example, sodium phosphate,

potassium phosphate, citric acid, tartaric acid, gelatin, gly-
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cine, marmitol, lactose, sucrose, maltose, glycerin, dextrose,

dextran, trehalose, hetastarch, or a mixture thereof. A more

preferred pharmaceutical excipient is marmitol. A preferred

lyophilized composition ofthe invention comprises a mixture

of amorphous bendamustine hydrochloride, bendamustine

hydrochloride Form 4, and at least one pharmaceutically

acceptable excipient that is preferably marmitol. More pre

ferred are lyophilized compositions consisting essentially of

amorphous bendamustine hydrochloride, bendamustine

hydrochloride Form 3, and marmitol. (See, e.g., FIG. 14)

Form 1 was characterized as a white powder consisting of

lath shaped particles. Form 1 was crystalline by X-ray Powder

Diffraction (XRPD), the ^ NMR spectrum was consistent
with the structure of the molecule, and the purity was 97.2%.

Thermal analysis showed an endotherm with onset 167° C.

(AF1 103 J/g) corresponding to a melting event. (Peak=170°

C.). Degradation occurred above this temperature. The

sample became amorphous by XRPD (FIG. 13) on heating to

180° C. (melt) and remained amorphous on cooling to ambi

ent temperature. Form 1 was found to have low hygroscopic-

ity, showing a 0.7% weight increase between 0 and 90%

relative humidity (RF1). This did not lead to a significant

change in XRPD pattern upon reanalysis under ambient con-

6

-continued

10

15

Angle d value Intensity Intensity

(2-Theta) (Angstrom) (Counts) (%)

25.858 3.44558 173 10.7

26.35 3.38229 254 15.8

27.082 3.29256 437 27.2

27.591 3.23295 343 21.3

28.327 3.15055 704 43.8

29.155 3.06303 144 8.9

29.356 3.04246 151 9.4

Form 1 converted to a hydrate ofbendamustine hydrochlo

ride (Form 2) during 2 months of storage at 25° C./94% RH.

The aqueous solubility was 4.5 mg/ml with a solution pFl of

2.16, but significant degradation occurred to the sample in

this experiment. The pKa values found for this material by

UV in aqueous conditions were 0.88 (Base), 4.17 (Acid) and

6.94 (Base). The Log P value found was 1 .10 with a Log D at

pF[7.4 of 0.68. The single crystal structure of this form was

obtained:

A View of the Single Crystal Structure of Form 1 of

Bendamustine F1C1

ditions. There were no significant changes during 1 week of

storage at 40° 0.175% RF1 or 3 weeks ofstorage at 40° C./l 1%

RTF The data from the XRPD is shown below. 45

XRPD Data for Bendamustine F1C1 Form 1

Unit Cell Data and Final Residuals for

Bendamustine Flydrochloride Form 1

Angle d value Intensity Intensity

(2-Theta) (Angstrom) (Counts) (%)

8.349 10.59033 110 6.8

13.503 6.55757 129 8

14.049 6.30377 394 24.5

16.824 5.26978 190 11.8

17.51 5.06473 172 10.7

18.452 4.80825 167 10.4

20.239 4.38767 130 8.1

20.904 4.24957 257 16

21.544 4.12484 295 18.3

21.972 4.04537 980 60.9

22.354 3.97705 210 13.1

22.922 3.87977 1213 75.4

23.305 3.81696 215 13.4

23.672 3.7586 317 19.7

24.851 3.58278 833 51.8

25.122 3.54475 1608 100

50

55

60

Crystal Data

Chemical Formula

Molecular weight

Crystal system

Space group

a (A)

b (A)

c (A)

beta (0)

volume (A3)

Z

Density (calculated) (g/ml)

R(Fobs)

wR(all, Fsq)

S

Form 1

c16h22ci2n3o2

394.7

monoclinic

C2/c

-193° C. 22° C.

23.0847(4)

6.80560(10)

25.5054(5)

114.2480(10)

3653.52(11)

8

1.435

0.0382

0.1392

1.006

23.080(5)

6.882(2)

25.504(6)

114.09(1)

3693.8(4)

1.419

65

Form 1 was shown to be more stable to degradation in light, as

compared to Form 2.
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8
Form 2, a monohydrate, was characterized as a white pow

der consisting ofrod shaped particles. Form 2 was crystalline

by XRPD and the purity was 98.3%. The XRPD data is

depicted below.

XRPD Data for Bendamustine F1C1 Form 2

Angle d value Intensity Intensity

(2-Theta) (Angstrom) (Counts) (%)

10.169 8.69836 167 8.5

10.638 8.31653 1274 64.6

11.443 7.73271 155 7.9

12.46 7.10378 162 8.2

13.662 6.48137 186 9.4

15.055 5.88491 234 11.9

18.828 4.71319 631 32

19.724 4.50101 206 10.5

20.115 4.41437 955 48.4

20.451 4.34275 1017 51.6

20.95 4.24033 654 33.2

21.45 4.14261 371 18.8

22.15 4.01325 301 15.3

23.105 3.84943 1972 100

23.449 3.79375 373 18.9

23.859 3.72952 236 12

24.101 3.6926 271 13.7

24.511 3.6317 317 16.1

24.849 3.58309 290 14.7

25.204 3.53342 434 22

25.498 3.49344 320 16.2

25.843 3.44749 257 13

26.538 3.35877 788 40

27.248 3.27289 382 19.4

27.695 3.22103 402 20.4

28.018 3.18459 243 12.3

28.256 3.15834 248 12.6

28.487 3.13331 297 15

29.046 3.07423 352 17.9

29.255 3.0527 244 12.4

10

15

40

Thermal analysis showed a broad endotherm with onset at

37° C. due to water loss. This corresponded with a 5.2%

weight loss on heating between ambient and 100° C., equat

ing to loss of 1.2 equivalents of water, and a conversion to

Form 4. The sample showed a 4% uptake between 1 0 and 15%

RF1 during GVS analysis, equating to 1 mole of water. On

XRPD re-analysis after the GVS cycles a peak at 14° 20 was 45

observed. This peak is indicative of the presence of Form 1,

suggesting that partial conversion occurred during the GVS

experiment. A similar XRPD trace was obtained after storing

pure Form 1 at 25° C./94% RF1 for one month as the sample

was in the process of converting to Form 2. There were no

significant changes to the sample by XRPD after one month

of storage at 40° C./75% RH, but the sample became less

crystalline during one month at 40° C./l 1 % RTF A significant

decrease in crystallinity and purity was observed during light

stability experiments.

A review of the prior art indicates that a monohydrate of

bendamustine hydrochloride has been prepared previously.

See, W. Ozegowski and D. Krebs, supra. That monohydrate

has a reported melting point of 1 52-56° C. This melting point

is similar to that observed with bendamustine hydrochloride

Form 2, which has an observed melting point of 153-157° C.

While not conclusive, it is possible that Form 2 and the

bendamustine hydrochloride monohydrate reported in the

prior art are the same polymorph. But as no further charac

terization details, for example XRPD, have been reported or

are available for the bendamustine hydrochloride monohy

drate reported in the prior art, it is not known whether the

monohydrate reported previously was Form 2 bendamustine

hydrochloride.

Storage of Form 1, Form 2 and 1:1 mixtures for up to 6

weeks only showed a conversion of Form 1 to 2 after storage

at high humidity (60° C./95% RH, 25° C. 94% RH and pos

sibly 4° C./88% RH for 6, 6 and 2 weeks respectively). No

conversion of Form 2 to Form 1 was noted in these studies

after 6 weeks. Kinetic factors make it very difficult to deter

mine the absolute thermodynamic stability in the 6 weeks

studied and both forms were kinetically stable for 6 weeks at

4° C./34 to 76% RH, 25° C./43 to 75% RH and 60° C./l 1 to

75% RH.

Form 3 was characterized as a white powder which was

partially crystalline by XRPD. No significant changes were

observed on XRPD re-analysis after 1 month of storage under

ambient conditions, but conversion to Form 2 occurred during

1 week at 40° C./75% RH. The purity was 95 .9%. XRPD data

for Form 3 is shown below.

XRPD Data for Bendamustine HC1 Form 3

25

30

35

50

55

60

65

d value Intensity

Angle (2-Theta) (Angstrom) (Counts) Intensity (%)

3.85 22.95248 13.6 2.1

5.384 16.41406 16.3 2.5

5.75 15.37009 12.1 1.9

7.892 11.20261 40.4 6.2

10.575 8.36538 177 27.2

13.426 6.59478 30.1 4.6

13.636 6.49389 10.9 1.7

13.993 6.32893 36.3 5.6

14.7 6.0261 7.62 1.2

15.547 5.69958 121 18.6

15.734 5.63243 41.4 6.4

17.35 5.1112 25 3.8

17.608 5.0369 14.1 2.2

18.594 4.77186 55.1 8.5

18.85 4.70772 85.8 13.2

19.428 4.56899 80.2 12.3

19.749 4.49541 436 67

19.995 4.44068 173 26.6

21.3 4.17144 216 33.3

22.11 4.02037 233 35.8

23.328 3.81319 409 63

25.449 3.49996 393 60.5

25.571 3.48361 355 54.6

25.733 3.46204 294 45.3

26.083 3.41636 650 100

26.394 3.37675 305 46.9

26.61 3.34983 279 43

27.852 3.2032 393 60.5

27.977 3.1892 403 62

28.109 3.17455 392 60.3

29.039 3.07492 195 30

Form 4 was characterized as a white powder which was

crystalline by XRPD. Thermal analysis showed an endotherm

due to melting at 153° C. (Peak=157° C.). Form 4 converted
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to Form 2 during 24 hours under ambient conditions. XRPD

data for Form 4 is depicted below.

XRPD Data for Bendamustine F1C1 Form 4

Angle d value Intensity Intensity

(2-Theta) (Angstrom) (Counts) (%)

3.86 22.88824 63.2 4.6

7.794 11.34336 120 8.8

10.267 8.61623 293 21.4

10.831 8.16867 1297 95

11.624 7.61314 149 10.9

11.804 7.4972 134 9.8

12.806 6.91286 169 12.4

14.077 6.29121 209 15.3

15.521 5.70899 376 27.5

16.038 5.5262 135 9.9

18.748 4.73313 168 12.3

19.636 4.52097 455 33.3

20.447 4.34345 1021 74.7

20.734 4.28411 793 58.1

21.227 4.18563 557 40.8

21.865 4.06498 202 14.8

22.263 3.99311 198 14.5

23.1 3.85031 306 22.4

23.579 3.77323 1366 100

23.95 3.71555 513 37.5

24.39 3.64947 250 18.3

24.548 3.62633 237 17.3

25.477 3.49624 266 19.5

25.81 3.45184 659 48.3

26.559 3.35619 258 18.9

27.101 3.29025 363 26.6

27.627 3.22885 818 59.9

28.415 3.14102 364 26.6

10

15

Amorphous bendamustine hydrochloride had a glass tran

sition temperature ofabout 50° C. and became gummy during

24 hours under ambient conditions, showing it is hygro

scopic. Also, partial crystallization occurred during 1 week at

40° C./75% RF1, possibly to a mixture ofForms 2 and 3. After

subjection to GVS humidity cycle, amorphous bendamustine

hydrochloride converted to Form 2.

Preferred pharmaceutical compositions of the invention

comprise amorphous bendamustine hydrochloride. The ben

damustine hydrochloride may be provided as compositions

consisting primarily of an amorphous form ofbendamustine

hydrochloride or as compositions comprising amorphous

bendamustine hydrochloride as well as a crystalline form,

such as crystalline bendamustine hydrochloride Form 1,

Form 2, Form 3, Form 4, or mixtures thereof. Preferred phar

maceutical compositions of the invention comprise benda

mustine hydrochloride substantially free from crystalline

bendamustine hydrochloride.

In preferred embodiments, pharmaceutical compositions

comprising at least one of Form 1, Form 2, Form 3, Form 4,

and amorphous bendamustine hydrochloride, as well as at

least one pharmaceutically acceptable excipient, are pro

vided. Preferably, the pharmaceutical compositions comprise

at least one of Form 1, Form 3, Form 4, and amorphous

bendamustine hydrochloride, as well as at least one pharma

ceutically acceptable excipient. More preferred are pharma

ceutical compositions that comprise amorphous bendamus

tine hydrochloride, Form 4, and at least one pharmaceutically

acceptable excipient.

Pharmaceutically acceptable excipients are known in the

art and include those described in, for example, U.S. appli

cation Ser. No. 1 1/267,010, the content of which is incorpo

rate herein in its entirety. These pharmaceutical compositions

25

30

35

40

45

50

55

60
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may be prepared as injectables, either as liquid solutions or

suspensions, as well as solid forms, for example, capsules,

tablets, lozenges, pastilles, powders, suspensions, and the

like.

In preferred embodiments, the pharmaceutical composi

tions are sublimed, preferably freeze-dried or lyophilized,

compositions. Methods of preparing such sublimed, prefer

ably freeze-dried or lyophilized, preparations of bendamus

tine hydrochloride that contain Form 1 , Form 2, Form 3, Form

4, or a mixture thereof, are also within the scope of the

invention. Methods of preparing such sublimed, preferably

freeze-dried or lyophilized, preparations of bendamustine

hydrochloride that contain Form 1, Form 3, Form 4, amor

phous bendamustine hydrochloride, or a mixture thereof, are

also within the scope of the invention. Methods of preparing

such sublimed, preferably freeze-dried or lyophilized, prepa

rations of bendamustine hydrochloride that further contain

Form 2, are also within the scope of the invention.

Lyophilization involves the addition of water to a com

pound, followed by freezing of the resultant suspension or

solution, and sublimation ofthe water from the compound. In

preferred embodiments, at least one organic solvent is added

to the suspension/solution. In other preferred embodiments,

the suspension/solution further comprises a lyophilization

excipient. The lyophilized preparations of bendamustine

hydrochloride of the present invention may further comprise

amorphous bendamustine hydrochloride.

In a typical lyophilization procedure, water, a pharmaceu

tically acceptable lyophilizing excipient, an organic solvent,

and a compound are combined to form a solution, which is

then sterilized, preferably using sterile filtration methodol

ogy. This solution is then lyophilized using standard lyo

philization equipment and techniques.

While preferred embodiments of the present invention

include lyophilization of bendamustine hydrochloride, it is

envisioned that other sublimation techniques may also be

used. For example, one of more of the described forms of

bendamustine hydrochloride may be dissolved, dispersed or

suspended in a solvent, the resulting mixture (be it a solution,

dispersion or suspension) frozen, and the solvent removed by

sublimation.

A lyophilization excipient can be any pharmaceutically

acceptable excipient that, when used during the lyophiliza

tion process, results in a lyophilzed product that has improved

properties, for example, improved handling properties, solu

bility properties, and the like. A lyophilization excipient can

be, for example, a bulking agent; suitable bulking agents are

known in the art. Examples of suitable lyophilization excipi

ents include, for example, sodium phosphate, potassium

phosphate, citric acid, tartaric acid, gelatin, glycine, marmi-

tol, lactose, sucrose, maltose, glycerin, dextrose, dextran,

trehalose, hetastarch, or mixtures thereof. A lyophilization

excipient may also comprise a pharmaceutically acceptable

antioxidant, such as, for example, ascorbic acid, acetylcys

teine, cysteine, sodium hydrogen sulfite, butyl -hydroxylard -

sole, butyl-hydroxytoluene, or alpha-tocopherol acetate. A

preferred lyophilization excipient is marmitol.

Solvents for use in the present invention include water and

oiganic solvents that form stable solutions with bendamus

tine hydrochloride without appreciably degrading the benda

mustine, and which are capable ofbeing evaporated/sublimed

through lyophilization. Examples ofsuitable organic solvents

include, for example, methanol, ethanol, n-propanol, iso-pro-

panol, n-butanol, tert-butanol, or mixtures thereof. A pre

ferred organic solvent is tert-butanol.

In one embodiment ofthe invention are methods ofprepar

ing lyophilized compositions that comprise at least one crys-
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talline form of bendamustine hydrochloride. Preferably, the

crystalline form of bendamustine hydrochloride is benda

mustine hydrochloride Form 1, bendamustine hydrochloride

Form 2, bendamustine hydrochloride Form 3, bendamustine

hydrochloride Form 4, or a mixture thereof. In other embodi

ments of the invention, the lyophilized compositions further

comprise amorphous bendamustine hydrochloride. More

preferred methods of the invention produce lyophilized com

positions comprising a mixture ofbendamustine Form 4 and

amorphous bendamustine hydrochloride.

Preferred methods of preparing lyophilized compositions

comprising at least one crystalline form of bendamustine

hydrochloride comprise combining bendamustine hydro

chloride with at least one solvent to form a solution and then

lyophilizing the solution. In some embodiments, the solution

further comprises at least one lyophilization excipient. Pre

ferred lyophilization excipients include, for example, sodium

phosphate, potassium phosphate, citric acid, tartaric acid,

gelatin, glycine, marmitol, lactose, sucrose, maltose, glyc

erin, dextrose, dextran, trehalose, hetastarch, or a mixture

thereof. More preferably, the pharmaceutically acceptable

excipient is marmitol. In some embodiments, the solvent is

water, an organic solvent, or a mixture thereof. Preferably, the

organic solvent is methanol, ethanol, n-propanol, iso-pro-

panol, n-butanol, tert-butanol, or a mixture thereof. More

preferably, the organic solvent is tert-butanol. In certain

embodiments, the solvent is a mixture ofwater and an oiganic

solvent, for example, a mixture having a ratio of water to

organic solvent of from about 1:1 to about 3:1 (v/v), prefer

ably about 7:3 (v/v).

Lyophilized compositions produced according to any of

the methods described herein are also within the scope of the

invention. An X-ray Powder Diffractogram of one such com

position, prepared in accordance with the lyophilization pro

cedures described herein and comprising amorphous benda

mustine hydrochloride, bendamustine hydrochloride Form 3,

and marmitol is shown in FIG. 14. The XRPD data corre

sponding to this Diffractogram is shown below.

12

-continued

d value Intensity

Angle (2-Theta) (Angstrom) (Counts) Intensity (%)

7.98 11.07642 231 6.3

9.75 9.06671 1710 47.0

10.58 8.35697 751 20.7

13.68 6.46585 30 0.8

15.43 5.73932 286 7.9

18.69 4.74293 91 2.5

19.48 4.55224 474 13.1

19.64 4.51705 799 22.0

19.89 4.45920 416 11.5

20.45 4.33901 3635 100.0

21.12 4.20296 1052 29.0

21.30 4.16740 545 15.0

22.15 4.01060 1349 37.1

22.76 3.90380 95 2.6

23.34 3.80874 293 8.1

24.72 3.59834 1153 31.7

25.30 3.51781 1396 38.4

25.43 3.50023 899 24.7

25.91 3.43569 454 12.5

27.95 3.19006 534 14.7

29.39 3.03627 35 1.0

29.73 3.00276 40 1.1

30.64 2.91594 38 1.1

31.20 2.86471 39 1.1

32.22 2.77642 109 3.0

33.65 2.66154 37 1.0

35.00 2.56159 287 7.9

35.34 2.53782 117 3 2

15

25

30

35

40

45

50

55

60

65

d value Intensity

Angle (2-Theta) (Angstrom) (Counts) Intensity (%)

36.11 2.48539 682 18.8

36.23 2.47719 538 14.8

36.58 2.45430 105 2.9

38.04 2.36363 27 0.8

39.53 2.27806 36 1.0

10

Also within the scope of the invention are methods of

treating diseases, such as, for example, chronic lymphocytic

leukemia, Hodgkin's disease, non-Hodgkin's lymphoma,

multiple myeloma, or breast cancer, with a pharmaceutical

composition of the present invention. Preferably, the solid

forms of the invention are used to treat chronic lymphocytic

leukemia. Also preferred are methods ofusing the solid forms

of the invention to treat indolent B-cell non-Flodgkin's lym

phoma, in particular, indolent B-cell non-Flodgkin's lym

phoma that has progressed during or within six months of

treatment with, for example, rituximab or a rituximab-con-

taining regimen. In certain embodiments, the method com

prises administering a therapeutically effective amount of a

pharmaceutical composition of the present invention directly

to the patient (for example, when the pharmaceutical compo

sition is a tablet or capsule). In other embodiments, the

method comprises modifying a pharmaceutical composition

of the present invention before administration, such as by

dissolving the composition in water or another solvent prior

to administration. In these embodiments, the method com

prises administering to the patient a therapeutically effective

amount of a preparation prepared from a pharmaceutical

composition of the present invention. Preferably, the prepa

ration is an injectable preparation. The injectable preparation

may be administered subcutaneously, intracutaneously, intra

venously, intramuscularly, intra-articularly, intrasynovially,

intrasternally, intrathecally, intralesionally, intracranially or

via infusion. Other conditions amenable to treatment utilizing

the compositions and injectable preparations of the present

invention include small cell lung cancer, hyperproliferative

disorders, and autoimmune diseases, such as rheumatoid

arthritis, multiple sclerosis, and lupus.

Preferably, the dose administered is about 100 mg/m2 or
about 120 mg/m2, administered intravenously. Dosages of
about 25 mg/m2, 60 mg/m2, 50 mg/m2 and 90 mg/m2, admin
istered intravenously, are also within the scope of the inven

tion. Preferably, the dosage is administered intravenously

over about 30 minutes or over about 60 minutes. Also pre

ferred are methods of administration wherein the dosage is

administered on days 1 and 2 of a 28-day cycle. In some

embodiments, the dosage is administered in from 1 to 6 or

from 1 to 8 cycles.

The injectable preparations described herein are in the

form of a sterile injectable preparation, for example, as a

sterile, injectable aqueous or oleaginous suspension or solu

tion formulated according to techniques known in the art.

Typically, the pharmaceutical compositions of the present

invention, containing at least one ofForm 1 , Form 2, Form 3,

Form 4, or amorphous bendamustine hydrochloride, prefer

ably at least one of Form 1, Form 3, Form 4, or amorphous

bendamustine hydrochloride, are formulated as lyophilized

powders which may be provided, for example, in vials con

taining 100 mg of drug per 50 mL or 20 mL vial. The inject

able preparation may be prepared by reconstitution of a

freeze-dried or lyophilized composition with Sterile Water

for Injection and then further dilution with a pharmaceuti

cally acceptable intraveneous solution, such as, for example,
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0.9% sodium Chloride, 5% dextrose in water (D5W), Lac-

tated Ringers solution, or 0.45% Sodium Chloride/2.5% dex

trose.

Preferably, the pharmaceutical compositions ofbendamus-

tine hydrochloride described herein are reconstituted into an 5

injectable preparation, for example, with sterile water, in less

than about 20 minutes . More preferably, reconstitution occurs

in less than about 10 minutes, most preferably about 5 min

utes.

A typical reconstitution process would include reconstitut- 1 o

ing, preferably aseptically, 100 mg bendamustine hydrochlo

ride with 20 mL Sterile Water for Injection. This yields a

clear, colorless to pale yellow solution having a bendamustine

HC1 concentration of 5 mg/mL. If lyophilized bendamustine

hydrochloride is being reconstituted, the bendamustine 15

hydrochloride should completely dissolve in about 5 minutes.

The volume needed for the required dose (based on 5 mg/mL

concentration) can be aseptically withdrawn and transferred

to a 500 mL infusion bag of0.9% Sodium Chloride (or other

pharmaceutically acceptable intravenous solution) for injec- 20

tion. Preferably, the reconstituted solution is transferred to the

infusion bag within 30 minutes ofreconstitution. After trans

fer, the contents of the infusion bag are thoroughly mixed.

Administration by intravenous infusion is typically provided

over a time period of from about 30 to about 60 minutes. 25

It is envisioned that the pharmaceutical compositions ofthe

present invention can be administered in combination with

one or more anti-neoplastic agents where the anti-neoplastic

agent is given prior to, concurrently with, or subsequent to the

administration of the composition of the present invention. 30

Pharmaceutically acceptable anti-neoplastic agents are

known in the art. Preferred anti-neoplastic agents are those

disclosed in co-pending U.S. application Ser. No. 11/330,

868, filed Jan. 12, 2006, the entirety ofwhich is incorporated

herein by reference. 35

Therapeutically effective amounts ofbendamustine can be

readily determined by an attending diagnostician by use of

conventional techniques. The effective dose can vary depend

ing upon a number of factors, including type and extent of

progression of the disease or disorder, overall health of a 40

particular patient, biological efficacy of bendamustine, for

mulation ofbendamustine, and route ofadministration of the

forms of bendamustine. Bendamustine can also be adminis

tered at lower dosage levels with gradual increases until the

desired effect is achieved. 45

Terminology

The term "anti-solvent," as used herein, means a solvent in

which a compound is substantially insoluble. 50

The term "crystalline," as used herein, means having a

regularly repeating arrangement ofmolecules or external face

planes.

The term "crystalline composition," as used in herein,

refers to a solid chemical compound or mixture of com- 55

pounds that provides a characteristic pattern of peaks when

analyzed by x-ray powder diffraction; this includes, but is not

limited to, polymorphs, solvates, hydrates, co-crystals, and

desolvated solvates.

The term "isolating" as used herein, means separating a 60

compound from a solvent, anti-solvent, or a mixture of sol

vent and anti-solvent to provide a solid, semisolid or syrup.

This is typically accomplished by means such as centriffiga-

tion, filtration with or without vacuum, filtration under posi

tive pressure, distillation, evaporation or a combination 65

thereof. Isolating may or may not be accompanied by purify

ing during which the chemical, chiral or chemical and chiral

purity of the isolate is increased. Purifying is typically con

ducted by means such as crystallization, distillation, extrac

tion, filtration through acidic, basic or neutral alumina, filtra

tion through acidic, basic or neutral charcoal, column

chromatography on a column packed with a chiral stationary

phase, filtration through a porous paper, plastic or glass bar

rier, column chromatography on silica gel, ion exchange

chromatography, recrystallization, normal-phase highperfor-

mance liquid chromatography, reverse-phase high perfor

mance liquid chromatography, trituration and the like.

The term "pharmaceutically acceptable excipient," as used

herein, includes any and all solvents, dispersion media, coat

ings, antibacterial and antifungal agents, isotonic and absorp

tion delaying agents and the like. The use of such media and

agents for pharmaceutical active substances is well known in

the art, such as in Remington: The Science and Practice of

Pharmacy, 20th ed.; Gennaro, A. R., Ed.; Lippincott Williams
& Wilkins: Philadelphia, Pa., 2000. Except insofar as any

conventional media or agent is incompatible with the active

ingredient, its use in the therapeutic compositions is contem

plated. Supplementary active ingredients can also be incor

porated into the compositions.

The term "solution," as used herein, refers to a mixture

containing at least one solvent and at least one compound that

is at least partially dissolved in the solvent.

The term "solvate," as used herein, means a crystalline

composition ofvariable stoichiometry formed by a solute and

an organic solvent as defined herein.

The term "solvent," as used herein, means a substance,

typically a liquid, that is capable of completely or partially

dissolving another substance, typically a solid. Solvents for

the practice of this invention include, but are not limited to,

water, acetic acid, acetone, acetonitrile, benzene, chloroform,

carbon tetrachloride, dichloromethane, dimethylsulfoxide,

1,4-dioxane, ethanol, ethyl acetate, butanol, tert-butanol,

N,N-dimethylacetamide, N,N-dimethylformamide, forma-

mide, formic acid, heptane, hexane, isopropanol, methanol,

methyl ethyl ketone (butanone), 1 -methyl -2 -pyrrolidinone,

mesifylene, nitromethane, polyethylene glycol, propanol,

2-propanone, propionitrile, pyridine, tetrahydrofuran, tolu

ene, xylene, mixtures thereof and the like.

The term "sublimation," as used herein, refers to the tran

sition from the solid phase to the gas phase with no interme

diate liquid stage.

The term "substantially free," as used herein with regard to

compositions that contain a particular form ofbendamustine

hydrochloride while being "substantially free" ofother forms

of the compound, means that the recited form is associated

with less than 1 0%, preferably less than 5%, in particular less

than 2% and most preferably less than 1% of the other recited

forms of bendamustine hydrochloride.

The term "therapeutically effective amount," as used

herein, refers to the amount determined to be required to

produce the physiological effect intended and associated with

a given drug, as measured according to established pharma

cokinetic methods and techniques, for the given administra

tion route. Appropriate and specific therapeutically effective

amounts can be readily determined by the attending diagnos

tician, as one skilled in the art, by the use of conventional

techniques. The effective dose will vary depending upon a

number of factors, including the type and extent of progres

sion of the disease or disorder, the overall health status of the

particular patient, the relative biological efficacy of the com

pound selected, the formulation of the active agent with

appropriate excipients, and the route of administration.
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Instrumentation

X-Ray Powder Diffraction (XRPD)

The novel crystalline forms of bendamustine hydrochlo

ride have been characterized by XRPD which produces a

fingerprint ofthe particular crystallite form. Measurements of 5

20 values typically are accurate to within ±0.2 degrees.

Bruker AXS/Diemens D5000

X-Ray Powder Diffraction patterns were collected on a

Siemens D5000 diffractometer using CuKa radiation (40 kV,

40 mA), 0-0 goniometer, automatic divergence and receiving 10

slits, a graphite secondary monochromator and a scintillation

counter. The instrument is performance checked using a cer

tified corundum standard (NIST 1976).

Ambient Conditions

Samples run under ambient conditions were prepared as 15

flat plate specimens. Approximately 35 mg ofthe sample was

gently packed into a cavity cut into polished, zero-back

ground (5 1 0) silicon wafer and a Mylar cover was placed over

the sample. The sample was rotated in its own plane during

analysis. 20

Bruker AXS C2 GADDS

X-Ray Powder Diffraction patterns were collected on a

Bruker AXS C2 GADDS diffractometer using CuKa radia

tion (40 kV, 40 mA), automated XYZ stage, laser video

microscope for autosample positioning and a HiStar 2-di- 25

mensional area detector. X-ray optics consists of a single

Gobel multilayer mirror coupled with a pinhole collimator of

0.3 mm.

The beam divergence, i.e. the effective size of the X-ray

beam on the sample, was approximately 5 mm. A 0-0 con- 30

tinuous scan mode was employed with a sample-detector

distance of 20 cm which gives an effective 20 range of 3.2°-

29.7°. Typically, the sample would be exposed to the X-ray

beam for 120 seconds.

Ambient Conditions 35

Samples run under ambient conditions were prepared as

flat plate specimens using powder without grinding. Approxi

mately 1-2 mg of the sample was lightly pressed on a glass

slide to obtain a flat surface.

Non-Ambient Conditions 40

Samples run under non-ambient conditions were mounted

on a silicon wafer with heatconducting compound. The

sample was then heated to the appropriate temperature at ca.

20° C. min-1 and subsequently held isothermally for ca 1
minute before data collection was initiated. 45

Single Crystal X-Ray Diffraction (SCXRD)

The crystals chosen were coated with paratone oil and flash

frozen on a (Bruker SMART CCD diffractometer. Data were

collected on a Bruker AXS IK SMART CCD diffractometer

equipped with an Oxford Cryosystems Cryostream cooling 50

device. Structures were solved using either the SHELXS or

SHELXD programs and refined with the SHELXL program

as part ofthe BrukerAXS SHELXTL suite. Unless otherwise

stated, hydrogen atoms attached to carbon were placed geo

metrically and allowed to refine with a riding isotropic dis- 55

placement parameter. Hydrogen atoms attached to a heteroa-

tom were located in a difference Fourier synthesis and were

allowed to refine freely with an isotropic displacement

parameter.

'H NMR 60
1H NMR spectra were collected on a Bruker 400 MHz

instrument equipped with an auto-sampler and controlled by

a DRX400 console. Automated experiments were acquired

using ICON-NMR v4.0.4 (build 1) running with Topspin v

1 .3 (patch level 6) using the standard Bruker loaded experi- 65

ments. For non-routine spectroscopy, data were acquired

through the use of Topspin alone. Samples were prepared in

d6-DMSO, unless otherwise stated. Off-line analysis was

carried out using ACD SpecManager v 9.09 (build 7703).

Differential Scanning Calorimetry (DSC)

DSC data were collected on a TA Instruments Q1000

equipped with a 50 position auto-sampler. The instrument

was calibrated for energy and temperature calibration using

certified indium. Typically 0.5-2 mg of each sample, in a

pin-holed hermetically sealed aluminium pan, was heated at

10° C.min-1 from 25° C. to 200° C. A nitrogen purge at 50

ml.min-1 was maintained over the sample. The instrument

control software was Thermal Advantage v4.6.6 and the data

were analyzed using Universal Analysis v4.3A.

Thermo-Gravimetric Analysis (TGA)

TGA data were collected on a TA Instruments Q500 TGA,

equipped with a 1 6 position autosampler. The instrument was

temperature calibrated using certified Alumel. Typically 1-2

mg of each sample was loaded into a pin-holed hermetically

sealed aluminum DSC pan on a pre-tared platinum crucible,

and was heated at 10° C. min-1 from ambient temperature to
200° C. A nitrogen purge at 60 ml min-1 was maintained over
the sample. The instrument control software was Thermal

Advantage v4 . 6 . 6 and the data were analyzed using Universal

Analysis v4.3A.

Purity Analysis

Purity analysis was performed on an Agilent HP 1100

series system equipped with a diode array detector and using

ChemStation software vB.02.01 -SRI.

Type of method Normal Phase Reverse Phase /

Isocratic Gradient /

Column: Zorbax Bonus-RP C14, 15Ci x 4.6 mm, 5 pm

Column Temperature 30

(0 C.):
Test Sample Make-Up: NMP/mobile phase A 1:1

Injection (pi): 2

Detection: Wavelength, 254,8

Bandwidth(nm):

Flow Rate (ml • min-1): 1.0

Phase A: 0.1% TFA in water

Phase B: 0.1% TFA in acetonitrile

Timetable: Time (min) % Phase A % Phase I

0 93 7

5 93 7

13 73 27

16 73 27

25 43 57

26 10 90

31 10 90

Thermodynamic Aqueous Solubility by HPLC

Aqueous solubility was determined by suspending suffi

cient compound in 0.25 ml ofwater to give a maximum final

concentration of glO mg.ml-1 of the parent free-form of the
compound. The suspension was equilibrated at 25° C. for 24

hours (unless otherwise stated) after which the pH was mea

sured. The suspension was then filtered through a glass fibre

C filter into a 96 well plate. The filtrate was then diluted by a

factor of 100 times. Quantitation was by HPLC with refer

ence to a standard solution of approximately 0.1 mg.ml- 1 in

DMSO. Different volumes of the standard, diluted and undi

luted sample solutions were injected. The solubility was cal

culated using the peak areas determined by integration of the

peak found at the same retention time as the principal peak in

the standard injection.
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Type of method: Reverse phase with gradient elution

Column: Phenomenex Luna, CIS (2) 5 pm 50 x 4.6 mm

Column Temperature 25

(0 C.):
Injection (pi): 5, 8 and 50

Detection: Wavelength, 260, 80

Bandwidth (nm):

Flow Rate (ml • min-1): 2

Phase A: 0.1% TFA in water

Phase B: 0.085% TFA in acetonitrile

Timetable: Time (min) % Phase A % Phase B

0.0 95 5

1.0 80 20

2.3 5 95

3.3 5 95

3.5 95 5

4.4 95 5

Parameter Values

Adsorption -Scan 1 40-90

Desorption/Adsorption -Scan 2 85-Dry, Dry-40

Intervals (% RH) 10

Number of Scans 2

Flow rate (ml • min-1) 250

Temperature (0 C.) 25

Stability (0 C. • min-1) 0.05

Minimum Sorption Time (hours) 1

Maximum Sorption Time (hours) 4

Mode AF2

Accuracy (%) 98

10

15

Gravimetric Vapor Sorption (GVS)

Sorption isotherms were obtained using a Hiden IGASorp

moisture sorption analyser, controlled by CFRSorp software.

The sample temperature was maintained at 25° C. by a Huber

recirculating water bath. The humidity was controlled by

mixing streams ofdry and wet nitrogen, with a total flow rate

of 250 ml.min-1. The relative humidity was measured by a

calibrated Vaisala RH probe (dynamic range of 0-95% RH),

located near the sample. The weight change, (mass relax

ation) of the sample as a function of % RH was constantly

monitored by the microbalance (accuracy±0.001 mg). Typi

cally 1-3 mg of sample was placed in a tared mesh stainless

steel basket under ambient conditions. The sample was

loaded and unloaded at 40% RH and 25° C. (typical room

conditions). A moisture sorption isotherm was performed as

outlined below (2 scans giving 1 complete cycle). The stan

dard isotherm was performed at 25° C. at 10% RH intervals

over a 0-90% RH range.

The software uses a least squares minimization procedure

together with a model of the mass relaxation, to predict an

asymptotic value. The measured mass relaxation value must

be within 5% ofthat predicted by the software before the next

% RH value is selected. The minimum equilibration time was

set to 1 hour and the maximum to 4 hours.

pKa Determination and Prediction

Data were collected on a Sirius GlpKa instrument with a

D-PAS attachment. Measurements were made at 25° C. in

aqueous solution by UV. The compound was initially dis

solved in DMSO at 5 mg/ml of which 50 pi (0.25 mg) was

used for the titration from pH 1.3 to 9.0. The titration media

was ionic-strength adjusted (ISA) with 0.15 M KC1 (aq). The

data were refined using Refinement Pro software vl.0. Pre

diction of pKa values was made using ACD pKa prediction

software v9.

25

30

35

40

45

50

55

60

65

Log P Determination

Data were collected by potentiometric titration on a Sirius

GlpKa instrument using three ratios ofoctanol: ionic-strength

adjusted (ISA) water to generate Log P, Log Pion, and Log D

values. The data were refined using Refinement Pro software

vl .0. Prediction ofLog P values was made using ACD v9 and

Syracuse KOWWIN vL67 software.

Preparation of Bendamustine Hydrochloride (Crude)

Step 1:

4- {5 - [Bis-(2-hydroxy-ethyl)-amino] - 1 -methyl- 1 H-ben-

zoimidazol-2-yl}-butyric acid ethyl ester (27.0 kg) was dis

solved in 270 kg chloroform. After cooling to 0 to 5° C., 19.2

kg thionyl chloride was added over about 1 hour. The mixture

was warmed to 25° C.±5° C. and stirred for 20 to 24 hours.

75.6 kg hydrochloric acid (32% aqueous solution) was then

added. After phase separation, the organic (lower) phase was

removed. The product remained in the aqueous phase.

Step 2:

A suspension of activated charcoal in hydrochloric acid

was added to the aqueous phase obtained in step 1. The

mixture was heated over 1 hour to 85 to 90° C. and stirred for

4 to 5 hours at reflux. The suspension was then filtered and

rinsed with aqueous hydrochloric acid. The solvent was dis

tilled offunder reduced pressure at a temperature not exceed

ing 65° C. 108 kg to 324 kg (108 kg preferred) ofwarm (35 to

45° C.) deionized water was added to induce crystallization.

After crystallization, the mixture was cooled to 20 C±5° C.

and stirred for an additional 1 to 2 hours or overnight. The

product was collected by filtration on a filter dryer, washed

with three portions each of 108 to 324 kg (108 kg preferred)

deionized water and 108 to 216 kg (108 kg preferred) of cold

acetone. The crude product was treated four times each with

54 to 108 kg (54 kg preferred) acetone at reflux for at least 1

hour, in the filter dryer. The suspension was filtered and the

product dried at a temperature not higher than 40° C. under

reduced pressure, to give 21.4 kg±2.1 kg bendamustine

hydrochloride crude (70%±10%, calculated as dried sub

stance).

Step 3 (Optional):

The product obtained from step 2 was dissolved in hydro

chloric acid (32% aqueous solution) and heated to reflux (85

to 90° C.) for at least 4 hours. To improve color, activated

charcoal can be added to the hydrochloric acid and the mix

ture heated to reflux (85 to 90° C.) for at least 4 hours. With

activated charcoal, the suspension was filtered and rinsed

with aqueous hydrochloric acid. Solvent was distilled off

under reduced pressure at a temperature not exceeding 65° C.

The mixture was then diluted with deionized water. If no

crystallization occurred within 15 min, the mixture was

seeded. After crystallization, the suspension was stirred at 40°

C.±5° C. for one hour, then cooled to 20° C.±5° C. After

stirring an additional 1 to 2 hours at 20° C.±5° C. collected by

filtration, washed three times with cold deionized water, and

at least three times with cold acetone. The crude product was

treated four times with acetone at reflux for at least 1 hour.

The suspension was filtered and the product dried at a tem

perature not higher than 40° C., under reduced pressure. Yield

was of crude bendamustine hydrochloride was 80%±10%.

Preparation of Purified Bendamustine Hydrochloride

Bendamustine HC1 crude (15.0 kg) was suspended with

0.45 kg activated charcoal in ethanol/water (vol/vol=97/3) at

room temperature. The mixture was quickly warmed to 75 to

80° C. and stirred for not more than 10 min under reflux

conditions. The mixture was filtered to remove the activated

charcoal. After filtration, 33.0 kg of filtered acetone was

added quickly at 40-50° C. to induce crystallization.
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After crystallization, the mixture was stirred for 30 to 60

min at 40-50° C., then cooled to 0 to 5° C., and stirred for at

least an additional 30 min or overnight. The product was

collected by filtration and washed with three 45 kg of cold

acetone. After that, the crude product was treated 4 times each

with 30 kg acetone at reflux for at least 1 hour. The suspension

was filtered and the product dried at a temperature not higher

than 40° C. under reduced pressure providing 11.3±1.5 kg

bendamustine hydrochloride (75%±10%).

Preparation of Bulk Solution (1 L) of Bendamustine Hydro

chloride

Under sterile conditions, Water for Injection ("WFI,"

-65% of total batch size) was transferred to a stainless steel

compounding vessel equipped with a mixer. The temperature

ofthe WFI in the compounding tank was adjusted to 1 5 to 25°

C. Mannitol (25.5 g) was added to the compounding vessel

and mixed at for a minimum of 5 minutes while maintaining

the solution temperature at 1 5 to 25° C. Tertiary butyl alcohol

("TBA," 234.2 g) was added to the compounding vessel. The

solution was mixed for a minimum of 5 minutes at 15 to 25°

C. Purified bendamustine HC1 (15.0 g) was added to the

compounding vessel and mixed for a minimum of 1 0 minutes

while maintaining the solution temperature between 15 to 25°

C. Water for Injection, USP, sufficient to bring the batch to 1

L was added and mixed for a minimum of 10 minutes. The

bulk solution was sterilized by filtration through a 0.22 pm

filter using nitrogen at 1 -2 bar.

Lyophilization of Filtered Bulk Solution of Bendamustine

Hydrochloride

Step 1:

The formulated, sterile filtered bendamustine HC1 bulk

solution was filled by a fully automated filling/stoppering

machine. The vials continued to the stoppering station, where

they were partially stoppered with pre-sterilized stoppers.

Bendamustine HC1 drug product was filled to approximately

6.47 g (6.67 mL) in a 20-cc Type I borosilicate tubing glass

amber vial. Filled and partially stoppered vials were trans

ferred to the lyophilizer located in the lyophilization area.

Step 2:

The filled and partially stoppered vials from step 1 are

transferred to the lyophilizer equipped with eight shelves that

can be loaded with product-filled trays. The filled and par

tially stoppered drug product vials were lyophilized. A sum

mary of the freeze drying cycle used during lyophilization of

bendamustine HC1 drug product is provided in the Table 1

below.

TABLE 1

Lyophilization Cycle for Bendamustine HC1

Process parameters Target Setpoint

Loading temperature 5° C.

Freezing temperature Hold at -50° C. for 4 hours

Primary drying vacuum 150 microns

Primary drying temperature Hold at -15° C. for 27 hours

Intermediate drying temperature Hold at -12° C. for 7 hours

Secondary drying vacuum 50 microns

Secondary drying temperature Hold at 40° C. for 15 hours

25

At the end ofthe lyophilization cycle, the chamber pressure

was raised to -0.6 bar with sterile filtered nitrogen. The vials

were hydraulically stoppered by adjusting the shelves to the

stoppering position under sterile filtered nitrogen atmo

sphere. After the vials were stoppered, the shelves were

raised, and the chamber was backfilled with sterile filtered air

to atmospheric pressure for unloading. This procedure results

in about 100 mg of bendamustine HCl/vial.

20
Preparation of Solutions of Bendamustine Hydrochloride

50 mg of bendamustine hydrochloride Form 1 was

weighed into a screw-top vial. Solvent was added in aliquots

(with heating to 50° C.) until a clear solution was obtained.

Observations are recorded in Table 2.

TABLE 2

	 Solubility of Bendamustine Hydrochloride	

10

15

Volume Solution

Solvent Added Obtained?

Ethanol 1 ml Yes (50° C.)

Acetic acid 1 ml Yes (50° C.)

Methanol 100 pi Yes (50° C.)

Formamide 1 ml Yes (50° C.)

DMF 500 pi Yes (50° C.)

DMSO 100 pi Yes (50° C.)

DMA 500 pi Yes (50° C.)

Maturation Experiment

Approximately 10 mg ofForm 1 bendamustine hydrochlo

ride was slurried in the solvents list in Table 3. The slurries

were shaken for 48 hours with alternating 4 hour periods at 50

C and ambient temperature. Any solid material was then

isolated by filtration and analyzed by XRPD. Solutions were

allowed to evaporate. Results are shown in Table 3 below.

TABLE 3

30

35

40

Assignment ofXRPD Results from Maturation

of Bendamustine Hydrochloride

45

50

Solvent XRPD Analysis Solvent XRPD Analysis

Ethanol Form 1 DCM Form 1

Ethyl acetate Form 1

TBME Form 1 Methyl acetate Form 1

IPA Form 1 DMF Hydrate (Form 2)

Isopropyl Form 1

acetate

Acetone Form 1 Dioxane Form 1

THE Form 1 Diethyl ether Form 1

Acetonitrile Form 1 Anisole Form 1

Heptane Form 1 MIBK Form 1

Water degradant Nitromethane Form 1

Toluene Form 1 DIPE Form 1

Methanol Mix of Form 1 and DMA Hydrate (Form 2)

hydrate (Form 2)

Crystallization of Bendamustine by Fast Evaporation

Solutions ofBendamustine Hydrochloride in ethanol, ace

tic acid, methanol, formamide, DMF, DMSO, and DMA were

allowed to evaporate under ambient conditions by allowing

the uncapped vials of solution to evaporate to dryness (re

ferred to herein as "rapid evaporation"). Resulting solids were

analyzed by XRPD. Results are shown in Table 4.

55

60

65

TABLE 4

Assignment ofXRPD Results from Crystallization of Bendamustine

Solvent XRPD Analysis

Ethanol Form 1

Acetic acid Hydrate (Form 2)

Methanol Mix of Form 1 and

hydrate (Form 2)

DMF Form 1

DMSO Form 1

DMA Form 1
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Crystallization of Bendamustine by Slow Evaporation

Solutions ofBendamustine Hydrochloride in ethanol, ace

tic acid, methanol, formamide, DMF, DMSO, and DMA were

allowed to evaporate under ambient conditions by allowing

the capped vials of solution, the vial caps having pinholes, to

evaporate to dryness under ambient conditions. The rate of

evaporation was constrained by use of air tight film covers

containing small holes. Resulting solids were analyzed by

XRPD. Results are shown in Table 5.

TABLE 5

Assignment ofXRPD Results from Crystallization of

Solvent XRPD Analysis

Ethanol Form 1

Acetic acid Form 1

Methanol Mix of Form 1 and

hydrate (Form 2)

Formamide No solid obtained

DMF Insufficient material

DMSO Form 1*

DMA No solid obtained

Anti-Solvent Volume of XRPD

Solvent Used Anti-solvent Observations Analysis

Ethanol Toluene 10 ml No precipitate - Form 1

evaporated

Acetic acid Toluene 0.5 ml Precipitate Form 1

DMF Toluene 0.5 ml Precipitate Form 1

DMSO Toluene 1 ml Precipitate Form 1

DMA Toluene 0.5 ml Precipitate Form 1

10

15

* Single crystal data presented herein for Form 1 was obtained from a sample recrystallized

from DMSO

Crystallization by Anti-Solvent

Toluene was added as anti-solvent to solutions of Benda

mustine Hydrochloride in ethanol, acetic acid, methanol, for

mamide, DMF, DMSO, and DMA to encourage crystalliza

tion The volume of toluene added and observations on anti-

solvent addition are recorded in Table 6. Solids were isolated

by filtration. The Resulting solids were analyzed by XRPD.

Results are shown in Table 6.

TABLE 6

Assignment ofXRPD Results from Crystallization of Bendamustine

Hydrochloride by Anti-Solvent Addition

25

30

35

40

45
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TABLE 7

Bendamustine Hydrochloride Stability Study Conditions

Condition Temperature (0 C.) Relative Humidity (% RH)

1 4 33.6 (Magnesium Chloride)

2 4 43.1 (Potassium Carbonate)

3 4 58.9 (Magnesium Nitrate)

4 4 75.7 (Sodium Chloride)

5 4 87.7 (Potassium Chloride)

6 25 43.2 (Potassium Carbonate)

7 25 57.6 (Sodium Bromide)

8 25 75.3 (Sodium Chloride)

9 25 93.6 (Potassium Nitrate)

10 60 11.0 (Lithium Chloride)

11 60 29.3 (Magnesium Chloride)

12 60 -43 (Potassium Carbonate)

13 60 74.5 (Sodium Chloride)

14 60 -95 (Potassium Sulphate)

TABLE 7A

XRPD Analysis of Stability Study Samples of

XRPD

Analysis XRPD Analysis after XRPD Analysis after

Condition after 1 Day 2 Weeks 6 Weeks

1 No changes No changes No changes
2 No changes No changes No changes

3 No changes No changes No changes

4 No changes No changes No changes

5 No changes C) Fully converted to C) Some Form 1 now

Form 2 present

6 No changes No changes No changes

7 No changes No changes No changes

8 No changes No changes No changes

9 No changes A) Partially converted A) Partially converted

to Form 2 to Form 2

C) Fully converted to C) Fully converted to

Form 2 Form 2

10 No changes No changes No changes

11 No changes No changes No changes

12 No changes No changes No changes

13 Not No changes No changes

performed

14 Not A) Partially converted A) Fully converted to

performed to Form 2 Form 2

B) Sample deliquesced B) Sample deliquesced

C) Fully converted to C) Fully converted to

Form 2 Form 2

Preparation ofForm 2 from Form 1 ofBendamustine Hydro

chloride

One mL ofwater was added 30 mg ofbendamustine hydro

chloride Form 1 and the mixture warmed to 25° C. to provide

a clear solution. After about 4 minutes, Form 2 precipitated

from solution as a white solid. The solid was collected by

filtration.

Stability of Forms 1 and 2 of Bendamustine Hydrochloride

10 mg ofbendamustine hydrochloride Form 1 (A), benda

mustine hydrochloride Form 2 (B), and a 1:1 mixture of

Forms 1 and 2 (C) were stored under the conditions listed in

Table 7. Samples were analyzed by XRPD at 1 day, 2 week,

and 6 week time points. The results are shown in Table 7A.

Under high humity conditions (-90% RH), conversion of

Form 1 of bendamustine hydrochloride to Form 2 was

observed. The rate ofthis conversion appears to increase with

temperature. The purity of Forms 1 and 2 after storage at 4°

C./87% RH (5) and 60° C./75% RH (13) for 6 weeks was

measured. No large purity decreases were observed.

50

55

Light Stability of Bendamustine Hydrochloride

Samples of Form 1 and Form 2 of Bendamustine Hydro

chloride were stressed in a Suntest Light Box with a light

intensity of 250 watts/m2 for 1 week with the black body

temperature set to 25° C. A blank of each sample, wrapped in

foil for protection, was also included in the experiment. After

the experiment, samples were analyzed by XRPD and the

purity was determined by HPLC. A significant decrease in

both crystallinity and purity was observed for Form 2 during

the light stress test. In contrast, Form 1 showed only a slight

decrease in purity. See Table 8.

60
TABLE 8

XRPD and Purity Analysis of Stability Study Samples of

	 Bendamustine Hydrochloride	

Sample XRPD Purity (%)

65 Form 1 blank

Form 1

No change

No change (sample brown in colour)

97.3

95.9
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TABLE 8-continued maceutical compositions comprising the crystalline form of
	 bendamustine hydrochloride as set forth herein.

XRPD and Purity Analysis of stability study Samples of Other embodiments of the invention are directed to a crys

talline form ofbendamustine hydrochloride that produces an
Bendamustine Hydrochloride

Sample xrpd Purity (%) 5 X-ray powder diffraction pattern comprising one or more of
	 the fohowing reflections: 26.08, 27.85, and/or 28.11±0.2
Form 2 blank No change 95.6 degrees 20. The invention is also directed to crystalline forms

Form 2 Less crystalline (sample brown m colour) 68.7 . . . . . . .. .. .. . . ,,
	 of bendamustine hydrochloride that produce an X-ray pow

der diffraction pattern further comprising one or more of the

In certain embodiments, the invention is directed to a phar- to following reflections: 10.58, 15.55, and/or 19.75±0.2 degrees

maceutical composition comprising bendamustine hydro- 20. The invention is also directed to crystalline forms of

chloride Form 1, bendamustine hydrochloride Form 2, ben- bendamustine hydrochloride having an X-ray powder diffrac-

damustine hydrochloride Form 3, bendamustine tion pattern substantially as depicted in FIG. 10. The inven-

hydrochloride Form 4, or a mixture thereof. The invention is tion is also directed to pharmaceutical compositions compris-
also directed to those pharmaceutical compositions wherein 15 ing the crystalline form ofbendamustine hydrochloride as set
the bendamustine hydrochloride is bendamustine hydrochlo- forth herein.
ride Form 1 . The invention is also directed to those pharma- 0ther embodiments of the invention are directed to a crys-
ceutical compositions wherein the bendamustine hydrochlo- tallme form ofbendamustine hydrochloride that produces an
ride is bendamustine hydrochloride Form 2. The invention is ^-ray powder diffraction pattern comprising one or more of
also directed to those pharmaceutical compositions wherein 20 , 'u u

i • 1 i 1 1 -i - i i • ij 11 23. 58±0.2 degrees 20. The invention is also directed to crys-
the bendamustine hydrochloride is bendamustine hydrochlo- ^11. ^ 1 j 1 1 • j .1 . j

. 1 _ _ _ . . .1 1. 1 1 J . tallme lorms 01 bendamustine hydrochloride that produce an
ride Form 3. The invention is also directed to those phama- der diffraction „ further co one or

ceutical compositions wherein the bendamustine hydrochlo- more of^ following reflections. jo.27, 19.64, 20.73, 21 .23,

ride is bendamustine hydrochloride Form 4. The invention is 25 2 5 81 27.63±0.2 degrees 20. The invention is also

also directed to those pharmaceutical compositions, further directed to crystalline forms of bendamustine hydrochloride

comprising amorphous bendamustine hydrochloride. having ^ x_ray powder Effraction pattern substantially as

Other embodiments of the invention are directed to a crys- depicted in FIG. 11. The invention is also directed to phar-

talline form of bendamustine hydrochloride that is benda- maceutical compositions comprising the crystalline form of

mustine hydrochloride Form 1, bendamustine hydrochloride 30 bendamustine hydrochloride as set forth herein.

Form 2, bendamustine hydrochloride Form 3, bendamustine Other embodiments of the invention are directed to a lyo-

hydrochloride Form 4, or a mixture thereof. The invention is philized composition comprising bendamustine hydrochlo-

also directed to crystalline forms, wherein the bendamustine ride Form 1 , bendamustine hydrochloride Form 2, bendamus-

hydrochloride is bendamustine hydrochloride Form 1 The tine hydrochloride Form 3, bendamustine hydrochloride

invention is also directed to crystalline forms, wherein the 35 Form 4, or a mixture thereof. In certain embodiments, the

bendamustine hydrochloride is bendamustine hydrochloride bendamustine hydrochloride is bendamustine Form 1. In

Form 2. The invention is also directed to crystalline forms, other embodiments, the bendamustine hydrochloride is ben-

wherein the bendamustine hydrochloride is bendamustine damustine Form 2. In other embodiments, the bendamustine

hydrochloride Form 3. The invention is also directed to crys- hydrochloride is bendamustine Form 3. In other embodi-

talline forms, wherein the bendamustine hydrochloride is 40 ments, the bendamustine hydrochloride is bendamustine

bendamustine hydrochloride Form 4. Form 4. The invention is also directed to lyophilized compo-

Other embodiments of the invention are directed to a crys- sitions described herein further comprising amorphous ben-

talline form ofbendamustine hydrochloride that produces an damustine hydrochloride.

X-ray powder diffraction pattern comprising one or more of A preferred embodiment of the invention includes a lyo-

the following reflections: 25.12, 24.85, 22.92, 21.97, and/or 45 philized composition as described herein, comprising amor-

14.05±0.2 degrees 20. The invention is also directed to crys- phous bendamustine hydrochloride, bendamustine hydro-

talline forms ofbendamustine hydrochloride that produce an chloride Form 2, and a pharmaceutically acceptable

X-ray powder diffraction pattern further comprising one or excipient.

more ofthe following reflections: 16.82, 17.51, 18.45,24.85, Also within the scope of the invention is a method for

and/or 28.33±0.2 degrees 20. The invention is also directed to 50 preparing a lyophilized composition comprising a crystalline

crystalline forms of bendamustine hydrochloride having an form ofbendamustine hydrochloride comprising the steps of

X-ray powder diffraction pattern substantially as depicted in combining bendamustine hydrochloride with at least one sol-

FIG. 2. The invention is also directed to pharmaceutical com- vent to form a mixture; and

positions comprising the crystalline form of bendamustine lyophilizing the mixture. Preferably, methods ofthe invention

hydrochloride as set forth herein. 55 include those wherein the solution further comprises a lyo-

Other embodiments of the invention are directed to a crys- philization excipient. Preferably, the lyophilization excipient

talline form ofbendamustine hydrochloride that produces an is sodium phosphate, potassium phosphate, citric acid, tar-

X-ray powder diffraction pattern comprising one or more of taric acid, gelatin, glycine, mannitol, lactose, sucrose, mal-

the following reflections: 10.64, 20.12, 20.45, and/or lose, glycerin, dextrose, dextran, trehalose, hetastarch, or a

23.1 1±0.2 degrees 20. The invention is also directed to crys- 60 mixture thereof More preferably, the lyophilization excipient

talline forms ofbendamustine hydrochloride that produce an is mannitol. Preferably, methods of the invention include

X-ray powder diffraction pattern further comprising one or those wherein the solvent is water, an organic solvent, or a

more ofthe following reflections: 10.17, 15.06, 18.82, 20.95, mixture thereof. Preferably, the organic solvent is methanol,

25.20, 26.54, and/or 29.05±0.2 degrees 20. The invention is ethanol, n-propanol, iso-propanol, n-butanol, tert-butanol, or

also directed to crystalline forms ofbendamustine hydrochlo- 65 a mixture thereof More preferably, the organic solvent is

ride having an X-ray powder diffraction pattern substantially tert-butanol. In other methods of the invention, the solvent is

as depicted in FIG. 6. The invention is also directed to phar- a mixture ofwater and an organic solvent. In preferred meth-
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ods of the invention, the ratio of the water to the oiganic and storing the amount at a relative humidity of at least about

solvent is about 1 : 1 (v/v). In preferred methods of the inven- 88% for a period of time sufficient to convert Form 1 to Form

tion, the ratio of the water to the organic solvent is about 2:1 2.

(v/v) In preferred methods of the invention, the ratio of the Also within the scope of the invention are methods of
water to the organic solvent is about 3:1 (v/v) In preferred 5 preparing Form 2 bendamustine hydrochloride comprising
methods of the invention, the ratio ofthe water to the organic combining bendamustine hydrochloride Form 1 with water to
solvent is about 7-3 (v/v) form a solution and allowing Form 2 to precipitate from the

' 1 +'
In preferred methods of the invention, the crystalline form solution.

ofbendamustine hydrochloride is Form 1 . In other preferred Also wlthm ^ SC0Pe of the ^ methods. of
4.u j 4.u 4 n- 47 j io preparing Form 3 bendamustine nydrochlonde comprisingmethods oi the invention, the crystalline lorm oi bendamus- .1111

^ 4 , 1 1 • j • r- t ^-n ^1 47 j .4-1 j providing an amount ofamorphous bendamustine hydrochlo-
tme hydrochloride is Form 2. In still other preferred methods F, j5' . Al ^ 4 ^4™^ j 1 ^.nen/

r. 4 . .4 11. x" X7i 1 -11 nde and stonng the amount at about 40 C. and about 75%
ofthe invention, the crystalline form ofbendamustine hydro- 1 u .jf 47 • 1 47 +- rr- • + + -

4 4 . 4 . ^ ' T 4 „ 4 44 ^4 relative humidity tor a period 01 time sumcient to convert
chloride is Form 3. In yet other preferred methods of the amorphous bendamustine hydrochloride to Form 3.

invention, the crystalline form of bendamustine hydrochlo- 15 Also within the scope of the invention ^ methods of

ride is Form 4. Other preferred methods of the invention preparing Form 4 bendamustine hydrochloride comprising

include those wherein the lyophihzed composition further providing an amount of Form 2 bendamustine hydrochloride

comprises amorphous bendamustine hydrochloride. and beating Form 2 to about 100° C. for a period of time

Also within the scope of the invention are method of treat- sufficient to convert Form 2 to Form 4.

ing chronic lymphocytic leukemia, Hodgkin's disease, non- 20 Also within the scope of the invention are methods of

Flodgkin's lymphoma, multiple myeloma or breast cancer preparing a pharmaceutical composition of bendamustine

comprising administering to a patient in need thereof a thera- hydrochloride comprising the steps of: preparing bendamus-

peutically effective amount of a preparation prepared from a tine hydrochloride Form 1 ; and combining the Form 1 with a

composition as described herein. pharmaceutically acceptable excipient.

Also within the scope of the invention are methods of 25 Also within the scope of the invention are methods of

preparing Form 1 bendamustine hydrochloride comprising preparing a pharmaceutical composition of bendamustine

providing a solution of bendamustine hydrochloride in etha- hydrochloride comprising the steps of: preparing bendamus-

nol, ethyl acetate, tert-butyl methyl ether, iso-propyl alcohol, tine hydrochloride Form 2; and combining the Form 2 with a

isopropyl acetate, dichloromethane, methyl acetate, acetone, pharmaceutically acceptable excipient.

tetrahydrofuran, acetonitrile, heptane, toluene, methanol, 30 Also within the scope of the invention are methods of

dioxane, diethyl ether, anisole, nitromethane, or di-isopropyl preparing a pharmaceutical composition of bendamustine

ether, and evaporating the solution under ambient conditions. hydrochloride comprising the steps of: preparing bendamus-

Also within the scope of the invention are methods of tine hydrochloride Form 3; and combining the Form 3 with a

preparing Form 1 bendamustine hydrochloride comprising pharmaceutically acceptable excipient

providing a solution of bendamustine hydrochloride in etha- 35 Also within the scope of the invention are methods of

nol, methanol, dimethylformamide, dimethylsulfoxide, or preparing a pharmaceutical composition of bendamustine

dimethylamine, and rapidly evaporating the solution to dry- hydrochloride comprising the steps of: preparing bendamus-

ness under ambient conditions. tine hydrochloride Form 4; and combining the Form 4 with a

Also within the scope of the invention are methods of pharmaceutically acceptable excipient

preparing Form 1 bendamustine hydrochloride comprising 40 Also within the scope of the invention are methods of

providing a solution of bendamustine hydrochloride in etha- preparing a lyophihzed composition ofbendamustine hydro-

nol, acetic acid, methanol, or dimethylsulfoxide, and slowly chloride comprising the steps of combining Form 1 benda-

evaporating the solution to dryness under ambient conditions. mustine hydrochloride with a solvent to form a mixture; and

Also within the scope of the invention are methods of lyophilizing the mixture. According to the invention, the

preparing Form 1 bendamustine hydrochloride comprising 45 Form 1 bendamustine hydrochloride is prepared according to

providing a solution ofbendamustine hydrochloride in acetic any of the methods described herein.

acid, formamide, dimethylformamide, dimethylsulfoxide, or Also within the scope of the invention are methods of

dimethylamine, and adding a sufficient quantity of toluene to preparing a lyophihzed composition ofbendamustine hydro-

induce crystallization. chloride comprising the steps of combining Form 2 benda-

Also within the scope of the invention are methods of 50 mustine hydrochloride a solvent to form a mixture; and lyo-

preparing Form 2 bendamustine hydrochloride comprising philizing the mixture. According to the invention, the Form 1

providing a solution of bendamustine hydrochloride in dim- bendamustine hydrochloride is prepared according to any of

ethylformamide, methanol, or dimethylamine and evaporat- the methods described herein.

ing the solution under ambient conditions. Also within the scope of the invention are methods of

Also within the scope of the invention are methods of 55 preparing a lyophihzed composition ofbendamustine hydro-

preparing Form 2 bendamustine hydrochloride comprising chloride comprising the steps of combining Form 3 benda-

providing a solution ofbendamustine hydrochloride in acetic mustine hydrochloride with a solvent to form a mixture; and

acid or methanol, and rapidly evaporating the solution to lyophilizing the mixture. In certain methods ofthe invention,

dryness under ambient conditions. the Form 3 bendamustine hydrochloride is prepared by pro-

Also within the scope of the invention are methods of 60 viding an amount ofamorphous bendamustine hydrochloride

preparing Form 2 bendamustine hydrochloride comprising and storing the amount at about 40° C. and about 75% relative

providing a solution of bendamustine hydrochloride in humidity for a period of time sufficient to convert amorphous

methanol and slowly evaporating the solution to dryness bendamustine hydrochloride to Form 3.

under ambient conditions. Also within the scope of the invention are methods of

Also within the scope of the invention are methods of 65 preparing a lyophihzed composition ofbendamustine hydro-

preparing Form 2 bendamustine hydrochloride comprising chloride comprising the steps of: combining Form 4 benda-

providing an amount of Form 1 bendamustine hydrochloride mustine hydrochloride with a solvent to form a mixture; and
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lyophilizing the mixture. In certain methods of the invention,

the Form 4 bendamustine hydrochloride is prepared by pro

viding an amount ofForm 2 bendamustine hydrochloride and

heating Form 2 to about 1 00° C. for a period oftime sufficient

to convert Form 2 to Form 4. 5

Also within the scope of the invention are lyophilized

compositions comprising amorphous bendamustine hydro

chloride, wherein said composition is substantially free of

any crystalline bendamustine hydrochloride.

In preferred methods of preparing a lyophilized composi- 10

tion of bendmustine hydrochloride, the described mixtures

further comprise a lyophilization excipient. Preferably, the

lyophilization excipient is sodium phosphate, potassium

phosphate, citric acid, tartaric acid, gelatin, glycine, manni-

tol, lactose, sucrose, maltose, glycerin, dextrose, dextran, 15

trehalose, hetastarch, or a mixture thereof In more preferred

methods, the lyophilization excipient is marmitol.

In preferred methods of preparing a lyophilized composi

tion of bendmustine hydrochloride, the solvent is water, an

organic solvent, or a mixture thereof Preferably, the oiganic 20

solvent is methanol, ethanol, n-propanol, iso-propanol, n-bu-

tanol, tert-butanol, or a mixture thereof In more preferred

methods, the organic solvent is tert-butanol.

In preferred methods of preparing a lyophilized composi

tion ofbendmustine hydrochloride, the solvent is a mixture of 25

water and an organic solvent. Preferably, the ratio ofthe water

to the oiganic solvent is about 1:1 (v/v). Also preferred are

those methods wherein the ratio of the water to the oiganic

solvent is about 2 : 1 (v/v). In other preferred methods, the ratio

of the water to the organic solvent is about 3: 1 (v/v). In other 30

preferred methods, the ratio ofthe water to the organic solvent

is about 7:3 (v/v).

As those skilled in the art will appreciate, numerous modi

fications and variations of the present invention are possible

in view of the above teachings. It is therefore understood that 35

within the scope of the appended claims, the invention can be

practiced otherwise than as specifically described herein, and

the scope of the invention is intended to encompass all such

variations.

What is claimed is: 40
1. A solid form ofbendamustine hydrochloride, designated

as bendamustine hydrochloride Form 1, that produces an

X-ray powder diffraction pattern comprising the following

reflections: 8.3, 16.8, and 18.5±0.2 degrees 20.

2. The solid form of bendamustine hydrochloride accord- 45
ing to claim 1 that produces an X-ray powder diffraction

pattern further comprising the following reflections: 14.0,

22.0, 22.9, 25.1, and 28.3±0.2 degrees 20.

3. The solid form of bendamustine hydrochloride accord

ing to claim 1 that produces an X-ray powder diffraction

pattern further comprising a reflection at 1 4.0±0.2 degrees 20 .

4. A composition comprising the solid form ofbendamus

tine hydrochloride according to claim 1.

5. A composition comprising the solid form ofbendamus

tine hydrochloride according to claim 1, wherein the compo- 55
sition is substantially free of other solid forms ofbendamus

tine hydrochloride.

6. The composition according to claim 4 wherein the com

position is a pharmaceutical composition and further com

prises at least one pharmaceutically acceptable excipient.

7. The composition of claim 6 wherein the pharmaceuti

cally acceptable excipient is sodium phosphate, potassium

phosphate, citric acid, tartaric acid, gelatin, glycine, marmi

tol, lactose, sucrose, maltose, glycerin, dextrose, dextran,

trehalose, hetastarch, or a mixture thereof.

8. The composition of claim 7 wherein the excipient is

marmitol.

9. The composition according to claim 5 wherein the com

position is a pharmaceutical composition and further com

prises at least one pharmaceutically acceptable excipient.

10. The composition of claim 9 wherein the pharmaceuti

cally acceptable excipient is sodium phosphate, potassium

phosphate, citric acid, tartaric acid, gelatin, glycine, marmi

tol, lactose, sucrose, maltose, glycerin, dextrose, dextran,

trehalose, hetastarch, or a mixture thereof.

11. The composition of claim 10 wherein the excipient is

marmitol.

12. A method of treating chronic lymphocytic leukemia,

Hodgkin's disease, non-Hodgkin's lymphoma, multiple

myeloma or breast cancer in a patient comprising adminis

tering to the patient a lyophilized composition comprising the

solid form ofbendamustine hydrochloride according to claim

1.

13. The method according to claim 12 wherein the non-

Hodgkin's lymphoma is indolent B-cell non-Hodgkin's lym

phoma.

14. A method for preparing a lyophilized composition

comprising bendamustine hydrochloride comprising:

combining the bendamustine hydrochloride Form 1,

according to claim 1, marmitol, water, and an organic

solvent to form a solution; and

lyophilizing the solution to form the lyophilized composi

tion comprising bendamustine hydrochloride.

15. The method ofclaim 14, wherein the solvent is metha

nol, n-propanol, isopropanol, n-butanol, tert-butanol, or a

mixture thereof.

16. The method of claim 14, wherein the solvent is tert-

butanol.

17. The method of claim 14, wherein the lyophilization

step comprises the following lyophilization cycle:

Process parameters Target Setpoint

50

Loading temperature

Freezing temperature

Primary drying vacuum

Primary drying temperature

Intermediate drying temperature

Secondary drying vacuum

Secondary drying temperature

5° C.

Hold at -50° C. for 4 hours

150 microns

Hold at -15° C. for 27 hours

Hold at -12° C. for 7 hours

50 microns

Hold at 40° C. for 15 hours.

18. A lyophilized composition comprising bendamustine

hydrochloride prepared according to the method ofany one of

claims 14 to 17.

19. A method of treating chronic lymphocytic leukemia,

Hodgkin's disease, non-Hodgkin's lymphoma, multiple

myeloma or breast cancer in a patient comprising adminis

tering to the patient an injectable preparation prepared from

the lyophilized composition of claim 18.
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Bendamustine Purity after 24 hours at 50C in Various

Alcohol/Water Co-Solvents
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HP1 formation after 24 hours stored at 50C in Various

Alcohol/Water Co-Solvents
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Figure 4.

Dimer formation after 24 hours stored at 50C in Various

Alcohol/Water Co-Solvents
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The numerical values for Figure 4 are provided in Tables 3-9 in Appendix 1 .
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BENDAMUSTINE PHARMACEUTICAL

COMPOSITIONS

FIELD OF THE INVENTION
5

The present invention pertains to the field ofpharmaceuti

cal compositions for the treatment of various disease states,

especially neoplastic diseases and autoimmune diseases. Par

ticularly, it relates to pharmaceutical formulations compris

ing nitrogen mustards, particularly the nitrogen mustard ben- 10

damustine, e.g., bendamustine HC1.

BACKGROUND OF THE INVENTION

The present invention claims the benefit of and priority to 15

U.S. Ser. No. 60/644,354, filed Jan. 14, 2005, entitled, "Ben

damustine Pharmaceutical Compositions," which is incorpo

rated herein by reference in its entirety, including figures and

claims.

The following description includes information that may 20

be useful in understanding the present invention. It is not an

admission that any such information is prior art, or relevant, to

the presently claimed inventions, or that any publication spe

cifically or implicitly referenced is prior art.

Because oftheir high reactivity in aqueous solutions, nitro- 25

gen mustards are difficult to formulate as pharmaceuticals

and are often supplied for administration in a lyophilized

form that requires reconstitution, usually in water, by skilled

hospital personal prior to administration. Once in aqueous

solution, nitrogen mustards are subject to degradation by 30

hydrolysis, thus, the reconstituted product should be admin

istered to a patient as soon as possible after its reconstitution.

Bendamustine, (4- { 5- [Bis(2-chloroethyl)amino] - 1 -me-

thyl-2-benzimidazolyl}butyric acid, is an atypical structure

with a benzimidazole ring, whose structure includes an active 35

nitrogen mustard (see Formula I, which shows bendamustine

hydrochloride).

Formula I 40

cr

cr
Va-N V

\

-OH -HCl 45

Bendamustine was initially synthesized in 1 963 in the Ger- 50

man Democratic Republic (GDR) and was available from

1971 to 1992 in that location under the name Cytostasan®.

Since that time, it has been marketed in Germany under the

tradename Ribomustin® . It has been widely used in Germany

to treat chronic lymphocytic leukemia, Hodgkin's disease, 55

non-Hodgkin's lymphoma, multiple myeloma, and breast

cancer.

Due to its degradation in aqueous solutions (like other

nitrogen mustards), bendamustine is supplied as a lyophilized

product. The current lyophilized formulation of bendamus- 60

tine (Ribomustin®) contains bendamustine hydrochloride

and marmitol in a sterile lyophilized form as a white powder

for intravenous use following reconstitution. The finished

lyophilisate is unstable when exposed to light. Therefore, the

product is stored in brown or amber-colored glass bottles . The 65

current lyophilized formulation of bendamustine contains

degradation products that may occur during manufacturing of

the drug substance and/or during the lyophilization process to

make the finished drug product.

Currently bendamustine is formulated as a lyophilized

powder for inj ection with 1 00 mg ofdrug per 50 mL vial or 25

mg of drug per 20 mL vial. The vials are opened and recon

stituted as close to the time ofpatient administration as pos

sible. The product is reconstituted with 40 mL (for the 1 00 mg

presentation) or 10 mL (for the 25 mg presentation) of Sterile

Water for Injection. The reconstituted product is further

diluted into 500 mL, q.s., 0.9% Sodium Chloride for Injec

tion. The route of administration is by intravenous infusion

over 30 to 60 minutes.

Following reconstitution with 40 mL Sterile Water for

Injection, vials of bendamustine are stable for a period of 7

hours under room temperature storage or for 6 days upon

storage at 2-8° C. The 500 mL admixture solution must be

administered to the patient within 7 hours of vial reconstitu

tion (assuming room temperature storage of the admixture).

The reconstitution ofthe present bendamustine lyophilized

powder is difficult. Reports from the clinic indicate that

reconstitution can require at least fifteen minutes and may

require as long as thirty minutes. Besides being burdensome

and time-consuming for the healthcare professional respon

sible for reconstituting the product, the lengthy exposure of

bendamustine to water during the reconstitution process

increases the potential for loss of potency and impurity for

mation due to the hydrolysis of the product by water.

Thus, a need exists for lyophilized formulations of benda

mustine that are easier to reconstitute and which have a better

impurity profile than the current lyophilate (lyophilized pow

der) formulations of bendamustine.

German (GDR) Patent No. 34727 discloses a method of

preparing m-[5-bis-(P-chloroethyl)-amino-benzimidazolyl-

(2)]-alkane carboxylic acids substituted in the 1 -position.

German (GDR) Patent No. 80967 discloses an injectable

preparation of Y-[l-methyl-5-bis-(P-chloroethyl)-amino-

benzimaidazolyl-(2)]-butric acid hydrochloride.

German (GDR) Patent No. 159877 discloses a method for

preparing 4-[l-methyl-5-bis(2-chloroethyl)amino-benzimi-

dazolyl-2)-butyric acid.

German (GDR) Patent No. 159289 discloses an injectable

solution ofbendamustine.

Ribomustin® bendamustine Product monograph (updated

January 2002) http://www.ribosepharm.de/pdf/

ribomustin_bendamustin/productmonograph.pdf provides

information about Ribomustin® including product descrip

tion.

Ni et al. report that the nitrosourea SarCNU was more

stable in pure tertiary butanol than in pure acetic acid, dim

ethyl sulfoxide, methylhydroxy, water or in TBA/water mix

tures (Ni et al. (2001) Intl. J. Phamaceutics 226:39-46).

Lyophilized cyclophoshamide is known in the art see e.g.,

U.S. Pat. Nos. 5,418,223; 5,413,995; 5,268,368; 5,227,374;

5,130,305; 4,659,699; 4,537,883; and 5,066,647.

The lyophilized nitrogen mustard Ifosfamide is disclosed

in International Publication No. WO 2003/066027; U.S. Pat.

Nos. 6,613,927; 5,750,131; 5,972,912; 5,227,373; and5,204,

335.

Teagarden et al. disclose lyophilized formulations ofpros

taglandin E-l made by dissolving PGE-1 in a solution of

lactose and tertiary butyl alcohol (U.S. Pat. No. 5,770,230).

SUMMARY OF THE INVENTION

The present invention is directed to stable pharmaceutical

compositions of nitrogen mustards, in particular lyophilized
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bendamustine and its use in treatment of various disease

states, especially neoplastic diseases and autoimmune dis

eases.

An embodiment of the invention is a pharmaceutical com

position of bendamustine containing not more than about

0.5% to about 0.9% (area percent of bendamustine) HP1, as

shown in Formula II,

Formula II

HO

CI'
\

10

-OH 15

at the time of release or where the F1P1 is the amount of F1P1 20

present at time zero after reconstitution ofa lyophilized phar

maceutical composition ofbendamustine as described herein.

In a preferred embodiment is a pharmaceutical composition

of bendamustine containing not more than about 0.5% (area

percent of bendamustine) F1P1, preferably not more than 25

about 0.45%, more preferably not more than about 0.40%,

more preferably not more than about 0.35%, even more pref

erably not more than 0.30%.

Another embodiment of the invention is a lyophilized

preparation ofbendamustine containing not more than about 30

0.1% to about 0.3% bendamustine dimer as shown in Formula

III at release or at time zero after reconstitution

bendamustine ethylester (Formula IV) is no more than 0.2%,

preferably 0.1 %, greater than the concentration ofbendamus

tine ethylester as found in the drug substance used to make the

lyophilized preparation.

In another embodiment of the invention is a lyophilized

preparation ofbendamustine containing not more than about

0.5% to about 0.9% (area percent of bendamustine) F1P1 at

the time ofdrug product release. In a preferred embodiment is

a lyophilized preparation of bendamustine containing not

more than about 0.50% (area percent of bendamustine) F1P1 ,

preferably not more than about 0.45%, more preferably not

more than about 0.40%, more preferably not more than about

0.35%, even more preferably not more than 0.30%. An aspect

of this embodiment is lyophilized preparations ofbendamus

tine containing not more than about 0.5% to about 0.9%,

preferably 0.5%, (area percent of bendamustine) F1P1 at the

time of release of drug product where the lyophilized prepa

ration is packaged in a vial or other pharmaceutically accept

able container.

In yet another aspect of the invention, the lyophilized

preparations of bendamustine are stable with respect to the

amount of F1P1 for at least about 6 months, preferably 12

months, preferably 24 months, to about 36 months or greater

when stored at about 2° to about 30°. Preferred temperatures

for storage are about 5° C. and about room temperature.

Another embodiment of the invention is a pharmaceutical

dosage form that includes a pharmaceutical composition of

bendamustine containing not more than about 0.5% to about

0.9% F1P1 , preferably not more than about 0.50%, preferably

not more than about 0.45%, more preferably not more than

about 0.40%, more preferably not more than about 0.35%,

HO

HO

HO'

\

W

Formula III

Va
-N V

\

-OH.

Yet another embodiment of the invention is a lyophilized

preparation ofbendamustine containing not more than about

0.5%, preferably 0.15% to about 0.5%, bendamustine ethyl

ester, as shown in Formula IV at release or at time zero after

reconstitution

< r
J

COOCH2CH3.

50

Formula IV

55

60

65

Yet another embodiment of the invention is a lyophilized

preparation of bendamustine wherein the concentration of

even more preferably not more than 0.30%, where the HP1 is

the amount of HP1 present at release or at time zero after

reconstitution of a lyophilized preparation of bendamustine

ofthe present invention. In preferred aspects of the invention,

the dosage form can be about 5 to about 500 mg of benda

mustine, about 1 0 to about 300 mg ofbendamustine, about 25

mg of bendamustine, about 100 mg of bendamustine, and

about 200 mg of bendamustine.

Yet another embodiment of the invention is a pharmaceu

tical dosage form that includes a lyophilized preparation of

bendamustine containing not more than about 0.5% to about

0.9%, preferably 0.5%, HP1. Preferred dosage forms can be

about 5 to about 500 mg ofbendamustine, about 10 to about

300 mg of bendamustine, about 25 mg of bendamustine,

about 100 mg of bendamustine, and about 200 mg ofbenda

mustine.

In still another embodiment, the invention includes a phar

maceutical composition of bendamustine including benda

mustine containing not more than about 0.5% to about 0.9%

(area percent of bendamustine), preferably not more than

about 0.50%, preferably not more than about 0.45%, more
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preferably not more than about 0.40%, more preferably not

more than about 0.35%, even more preferably not more than

0.30%, and a trace amount of one or more organic solvents,

wherein said HP1 is the amount of HP1 present at release or

time zero after reconstitution ofa lyophilized pharmaceutical 5

composition ofbendamustine as disclosed herein. In different

aspects of this embodiment, the organic solvent is selected

from one or more of tertiary butanol, n-propanol, n-butanol,

isopropanol, ethanol, methanol, acetone, ethyl acetate, dim

ethyl carbonate, acetonitrile, dichloromethane, methyl ethyl 10

ketone, methyl isobutyl ketone, 1-pentanol, methyl acetate,

carbon tetrachloride, dimethyl sulfoxide, hexafluoroacetone,

chlorobutanol, dimethyl sulfone, acetic acid, and cyclohex-

ane. Preferred organic solvents include one or more of etha

nol, methanol, propanol, butanol, isopropanol, and tertiary 15

butanol. A more preferred organic solvent is tertiary butanol,

also known as TBA, t-butanol, tert-butyl alcohol or tertiary

butyl alcohol.

The present invention involves a method for obtaining

agency approval for a bendamustine product, the improve- 20

ment which includes setting a release specification for ben

damustine degradants at less than about 4.0%, preferably

about 2.0% to about 4.0%, (area percent bendamustine) or

otherwise to achieve the pharmaceutical compositions

described herein. An aspect of this embodiment is a method 25

for obtaining agency approval for a bendamustine product

which includes setting a release specification for HP1 to be

less than or equal to 1 .5% (area percent Bendamustine). The

bendamustine product herein contains not more than about

0.5% (area percent of bendamustine) HP1 at release. 30

Another embodiment is a method for obtaining agency

approval for a bendamustine product, the improvement which

includes setting a shelf-life specification for bendamustine

degradants at less than about 7.0%, preferably about 5.0% to

about7.0%, (area percent bendamustine) where the product is 35

stored at about 2° C. to about 30° C. Preferred temperatures

for storage are about 5° C. and about room temperature. The

bendamustine product herein contains not more than about

0.5% (area percent of bendamustine) HP1 at release.

Another embodiment of the invention is a process for 40

manufacturing a lyophilized preparation of bendamustine

which includes controlling for the concentration of benda

mustine degradants in the final product, such that the concen

tration of bendamustine degradants is less than about 4.0%,

preferably no more than about 2.0% to about 4.0%, (area 45

percent of bendamustine) at release or otherwise to achieve

the pharmaceutical compositions described herein. The ben

damustine product herein contains not more than about 0.5%

to about 0.9%, preferably about 0.5%, (area percent of ben

damustine) HP1 at release. 50

The present invention discloses a process for manufactur

ing a lyophilized preparation of bendamustine which com

prises controlling for the concentration of bendamustine

degradants in the final product, such that, at release, the con

centration of HP1 is less than 0.9%, preferably 0.5%, (area 55

percent of bendamustine) and, at the time ofproduct expira

tion, the concentration of bendamustine degradants is less

than about 7 .0%, preferably no more than about 5.0% to about

7.0%; wherein said product is stored at about 2° C. to about

30° C. 60

Another embodiment of the invention is a bendamustine

pre-lyophilization solution or dispersion comprising one or

more organic solvents where the solution or dispersions

include at least one stabilizing concentration of an oiganic

solvent which reduces the level of degradation ofbendamus- 65

tine so that the amount ofHP1 produced during lyophilization

from about 0 to 24 hours does not exceed about 0.5% to about

0.9% (area percent ofbendamustine) preferably 0.50%, pref

erably 0.45%, more preferably 0.40%, more preferably

0.35%, even more preferably 0.30%. An aspect of this

embodiment is the lyophilized powder produced from the

pre-lyophilization solution or dispersion.

Still another embodiment of the invention is a bendamus

tine pre-lyophilization solution or dispersion comprising one

or more oiganic solvents where the solution or dispersions

include at least one stabilizing concentration of an oiganic

solvent which reduces the level of degradation of bendamus

tine so that the amount of bendamustine ethylester produced

during lyophilization from about 0 to 24 hours does not

exceed about 0.5% (area percent bendamustine). An aspect of

this embodiment is the lyophilized powder produced from the

pre-lyophilization solution or dispersion.

Still another embodiment of the invention is a bendamus

tine pre-lyophilization solution or dispersion comprising one

or more oiganic solvents where the solution or dispersions

include at least one stabilizing concentration of an oiganic

solvent which reduces the level of degradation of bendamus

tine so that the amount ofbendamustine ethylester (as shown

in Formula IV) produced during lyophilization from about 0

to 24 hours is no more than 0.2%, preferably 0.1%, greater

than the concentration ofbendamustine ethylester as found in

the drug substance used to make the pre-lyophilization solu

tion. A preferred organic solvent is tertiary butanol.

The invention also discloses methods for preparing a ben

damustine lyophilized preparation that includes dissolving

bendamustine in a stabilizing concentration of an alcohol

solvent of between about 5% to about 100% (v/v alcohol to

form a pre-lyophilization solution; and lyophilizing the pre-

lyophilization solution; wherein the bendamustine lyo

philized preparation made from such methods contains not

more than about 0.5% to about 0.9%, preferably 0.5%, (area

percent of bendamustine) F1P1 as shown in Formula II,

wherein said F1P1 is the amount of F1P1 present at release or

at time zero after reconstitution of the lyophilized pharma

ceutical composition ofbendamustine. Other alcohol concen

trations include about 5% to about 99.9%, about 5% to about

70%, about 5% to about 60%, about 5% to about 50%, about

5% to about 40%, about 20% to about 35%. Preferred con

centrations of alcohol are from about 20% to about 30%.

Preferred alcohols include one or more ofmethanol, ethanol,

propanol, iso-propanol, butanol, and tertiary-butanol. Amore

preferred alcohol is tertiary-butanol. A preferred concentra

tion oftertiary-butanol is about 20% to about 30%, preferably

about 30%. An aspect ofthis embodiment is the addition ofan

excipient before lyophilization. A preferred excipient is man-

nitol. Preferred pre-lyophilized concentrations ofbendamus

tine are from about 2 mg/mL to about 50 mg/mL.

In a preferred method for preparing a bendamustine lyo

philized preparation, lyophilizing the pre-lyophilization solu

tion comprises i) freezing the pre-lyophilization solution to a

temperature below about -40° C., preferably -50° C., to form

a frozen solution; ii) holding the frozen solution at or below

-40° C., preferably -50° C., for at least 2 hours; hi) ramping

the frozen solution to a primary drying temperature between

about -40° C. and about -10° C. to form a dried solution; iv)

holding for about 10 to about 70 hours; v) ramping the dried

solution to a secondary drying temperature between about

25° C. and about 40° C. ; and vii) holding for about 5 to about

40 hours to form a bendamustine lyophilized preparation. In

a more preferred method lyophilizing the pre-lyophilization

solution comprises i) freezing the pre-lyophilization solution

to about -50° C. to form a frozen solution; ii) holding the

frozen solution at about -50° C. for at least 2 hours to about

4 hours ; hi) ramping to a primary drying temperature between

Case 1:14-cv-01117-UNA   Document 1-1   Filed 09/02/14   Page 44 of 51 PageID #: 66



US 8,436,190 B2

8
about -20° C. and about -12° C. to form a dried solution; iv)

holding at a primary drying temperature for about 1 0 to about

48 hours; v) ramping the dried solution to a secondary drying

temperature between about 25° C. and about 40° C.; and vi)

holding at a secondary drying temperature for at least 5 hours 5

up to about 20 hours. A preferred alcohol is tertiary-butanol.

A preferred concentration of tertiary-butanol is about 20% to

about 30%, preferably about 30%. An aspect of this embodi

ment is the addition of an excipient before lyophilization. A

preferred excipient is mannitol. Preferred pre-lyophilized 10

concentrations of bendamustine are from about 2 mg/mL to

about 50 mg/mL.

Another embodiment of the invention is the lyophilized

powder or preparation obtained from the methods of prepar

ing a bendamustine lyophilized preparation disclosed herein. 15

The invention also involves bendamustine formulations for

lyophilization that include an excipient and a stabilizing con

centration of an organic solvent. A preferred formulation

includes bendamustine at a concentration ofabout 1 5 mg/mL,

mannitol at a concentration of about 25.5 mg/mL, tertiary- 20

butyl alcohol at a concentration ofabout 30% (v/v) and water.

Included in this embodiment of the invention are the lyo

philized preparations made from such bendamustine formu

lations.

Included in the inventions are methods of treating a medi- 25

cal condition in a patient that involve administering a thera

peutically effective amount of a pharmaceutical composition

ofthe invention where the condition is amenable to treatment

with said pharmaceutical composition. Some conditions

amenable to treatment with the compositions ofthe invention 30

include chronic lymphocytic leukemia (CLL), Hodgkin's

disease, non-Hodgkin's lymphoma (NHL), multiple

myeloma (MM), breast cancer, small cell lung cancer, hyper-

proliferative disorders, and an autoimmune disease. Preferred

conditions include NHL, CLL, breast cancer, and MM. Pre- 35

ferred autoimmune diseases include rheumatoid arthritis,

multiple sclerosis or lupus.

Included in the inventions are the use ofthe pharmaceutical

compositions or pharmaceutical preparations ofthe invention

in the manufacture of a medicament for the treatment of a 40

medical condition, as defined herein, in a patient that involve

administering a therapeutically effective amount of a phar

maceutical composition of the invention where the condition

is amenable to treatment with said pharmaceutical composi

tion. 45

Also included in the invention are methods of treating in

which the pharmaceutical compositions of the invention are

in combination with one or more anti -neoplastic agents where

the antineoplastic agent is given prior, concurrently, or sub

sequent to the administration of the pharmaceutical compo- 50

sition of the invention. Preferred antineoplastic agents are

antibodies specific for CD20.

Another embodiment of the invention is a lyophilization

cycle for producing lyophilized bendamustine preparations

of the invention. A preferred lyophilization cycle includes a) 55

freezing to about -50° C. over about 8 hours; b) holding at

-50° C. for about 4 hours; c) ramping to -25° C. over about 3

hours; d) holding at -10° C. for 30 hours; e) ramping to

between about 25° C. and about 40° C. or higher for about 3

hours; f) holding between about 25° C. and about 40° C. for 60

about 25 hours; g) ramping to about 20° C. in 1 hour; h)

unloading at about 20° C., at a pressure of 13.5 psi in a

pharmaceutically acceptable container that is hermetically

sealed; wherein the pressure is about 150 microns throughout

primary drying and 50 microns throughout secondary drying. 65

An aspect of this cycle involves step (e) which is ramped to

about 30-35° C. for 3 hours and then ramped to 40° C. for 5

hours. Another aspect of this embodiment is the lyophilized

powered prepared from such lyophilization cycles. A more

preferred lyophilization cycle includes i) starting with a shelf

temperature of about 5° C. for loading; ii) freezing to about

-50° C. over about 8 hours; iii) holding at -50° C. for about

4 hours; iv) ramping to about -20° C. over about 3 hours; v)

holding at about -20° C. for 6 hours; ramping to about -15°

C. over about 1 hour; vi) holding at -15° C. for about 20

hours; vii) ramping to about -15° C. over about 1 hour; viii)

holding at about -15° C. for about 20 hours; ix) ramping to

about -12° C. over about 0.5 hours; x) holding at about -12°

C. for about 15.5 hours; xi) ramping to between about 25° C.

and about 40° C. or higher for about 15 hours; xii) holding

between about 25° C. and about 40° C. for about 10 hours;

xiii) ramping to about 40° C. over about 1 hour; and xiv)

holding at about 40° C. for about 5 hours; unloading at about

5° C., at a pressure of about 13.5 psi in a pharmaceutically

acceptable container that is hermetically sealed; wherein the

pressure is about 150 microns throughout primary drying and

50 microns throughout secondary drying. In a preferred

embodiment step (xi) is ramped to about 30-35° C. for about

15 hours.

The invention also encompasses a pharmaceutical dosage

form of bendamustine containing not more than about 0.5%

to about 0.9%, preferably 0.5%, HP1 (area percent ofbenda

mustine) wherein said dosage form comprises a vial or other

pharmaceutically acceptable container, wherein said HP1 is

the amount of HP1 present pre-reconstitution or at time zero

after reconstitution of said dosage form. Preferred concentra

tions ofbendamustine include about 10 to about 500 mg/con-

tainer, about 100 mg/container, about 5 mg to about 2 g/con-

tainer and about 170 mg/container.

The present invention also includes pre-lyophilized phar

maceutical compositions of bendamustine. A preferred pre-

lyophilized composition includes bendamustine HC1 about

15 mg/mL, mannitol about 25.5 mg/mL, about 30% (v/v)

tertiary-butyl alcohol, and water.

These and other embodiments of the invention are

described hereinbelow or are evident to persons of ordinary

skill in the art based on the following disclosures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the solubility of bendamustine at various

temperatures for two different solutions of bendamustine in

tertiary butanol.

FIG. 2 shows the purity results of an HPLC analysis after

incubating bendamustine in various alcohols for 24 hours at

5° C. Results are presented as the area percent of the benda

mustine peak.

FIG. 3 shows HP1 (Formula II) formation after 24 hours in

various alcohol/water co-solvents at 5° C.

FIG. 4 shows dimer (Formula III) formation after 24 hours

in various alcohol/water co-solvents at 5° C.

FIG. 5-shows a lyophilization cycle for bendamustine

using a TBA/water co-solvent.

FIG. 6 shows a chromatogram for Ribomustin® using

HPLC method No. 1.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the terms "formulate" refers to the prepa

ration of a drug, e.g., bendamustine, in a form suitable for

administration to a mammalian patient, preferably a human.

Thus, "formulation" can include the addition of pharmaceu

tically acceptable excipients, diluents, or carriers.
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As used herein, the term "lyophilized powder" or "lyo-

philized preparation" refers to any solid material obtained by

lyophilization, i.e., freeze-drying ofan aqueous solution. The

aqueous solution may contain a non-aqueous solvent, i.e. a

solution composed of aqueous and one or more non-aqueous 5

solvent(s). Preferably, a lyophilized preparation is one in

which the solid material is obtained by freeze-drying a solu

tion composed of aqueous and one or more non-aqueous

solvents, more preferably the non-aqueous solvent is an alco

hol. 10

By "stable pharmaceutical composition" is meant any

pharmaceutical composition having sufficient stability to

have utility as a pharmaceutical product. Preferably, a stable

pharmaceutical composition has sufficient stability to allow

storage at a convenient temperature, preferably between -20° 15

C. and 40° C., more preferably about 2° C. to about 30° C., for

a reasonable period of time, e.g., the shelf-life of the product

which can be as short as one month but is typically six months

or longer, more preferably one year or longer even more

preferably twenty-four months or longer, and even more pref- 20

erably thirty-six months or longer. The shelf-life or expiration

can be that amount of time where the active ingredient

degrades to a point below 90% purity. For purposes of the

present invention stable pharmaceutical composition

includes reference to pharmaceutical compositions with spe- 25

cific ranges of impurities as described herein. Preferably, a

stable pharmaceutical composition is one which has minimal

degradation of the active ingredient, e.g., it retains at least

about 85% of un-degraded active, preferably at least about

90%, and more preferably at least about 95%, after storage at 30

2-30° C. for a 2-3 year period of time.

By "stable lyophilized preparation" is meant any lyo

philized preparation having sufficient stability, such charac

teristics as similarly defined herein for a stable pharmaceuti

cal composition, to have utility as a pharmaceutical product 35

By "degraded" is meant that the active has undergone a

change in chemical structure.

The term "therapeutically effective amount" as used herein

refers to that amount of the compound being administered

that will relieve to some extent one or more of the symptoms 40

of the disorder being treated. In reference to the treatment of

neoplasms, a therapeutically effective amount refers to that

amount which has the effect of (1) reducing the size of the

tumor, (2) inhibiting (that is, slowing to some extent, prefer

ably stopping) tumor metastasis, (3) inhibiting to some extent 45

(that is, slowing to some extent, preferably stopping) tumor

growth, and/or, (4) relieving to some extent (or, preferably,

eliminating) one or more symptoms associated with the can

cer. Therapeutically effective amount can also mean prevent

ing the disease from occurring in an animal that may be 50

predisposed to the disease but does not yet experience or

exhibit symptoms of the disease (prophylactic treatment).

Further, therapeutically effective amount can be that amount

that increases the life expectancy of a patient afflicted with a

terminal disorder. Typical therapeutically effective doses for 55

bendamustine for the treatment ofnon-Flodgkin' s lymphoma

can be from about 60-120 mg/m2 given as a single dose on two
consecutive days . The cycle can be repeated about every three

to four weeks. For the treatment of chronic lymphocytic leu

kemia (CLL) bendamustine can be given at about 80-100 60

mg/m2 on days 1 and 2. The cycle can be repeated after about
4 weeks. For the treatment of Flodgkin's disease (stages II-

IV), bendamustine can be given in the "DBVBe regimen"

with daunorubicin 25 mg/m2 on days 1 and 15, bleomycin 10
mg/m2 on days 1 and 15, vincristine 1 .4 mg/m2 on days 1 and 65
15, and bendamustine 50 mg/m2 on days 1-5 with repetition
of the cycle about every 4 weeks. For breast cancer, benda

mustine (120 mg/m2) on days 1 and 8 can be given in com
bination with methotrexate 40 mg/m2 on days 1 and 8, and
5-fluorouracil 600 mg/m2 on days 1 and 8 with repetition of
the cycle about every 4 weeks. As a second-line oftherapy for

breast cancer, bendamustine can be given at about 100-150

mg/m2 on days 1 and 2 with repetition ofthe cycle about every
4 weeks.

As used herein "neoplastic" refers to a neoplasm, which is

an abnormal growth, such growth occurring because of a

proliferation of cells not subject to the usual limitations of

growth. As used herein, "anti-neoplastic agent" is any com

pound, composition, admixture, co-mixture, or blend which

inhibits, eliminates, retards, or reverses the neoplastic pheno-

type of a cell.

As used herein "hyperproliferation" is the overproduction

of cells in response to a particular growth factor. "Flyperpro-

liferative disorders" are diseases in which the cells overpro

duce in response to a particular growth factor. Examples of

such "hyperproliferative disorders" include diabetic retin

opathy, psoriasis, endometriosis, cancer, macular degenera

tive disorders and benign growth disorders such as prostate

enlargement.

As used herein, the term "vial" refers to any walled con

tainer, whether rigid or flexible.

"Controlling" as used herein means putting process con

trols in place to facilitate achievement of the thing being

controlled. For example, in a given case, "controlling" can

mean testing samples ofeach lot or a number of lots regularly

or randomly; setting the concentration of degradants as a

release specification; selecting process conditions, e.g., use of

alcohols and/or other organic solvents in the pre-lyophiliza-

tion solution or dispersion, so as to assure that the concentra

tion ofdegradants ofthe active ingredient is not unacceptably

high; etc. Controlling for degradants by setting release speci

fications for the amount ofdegradants can be used to facilitate

regulatory approval of a pharmaceutical product by a regula

tory agency, such as the U.S. Food and Drug Administration

and similar agencies in other countries or regions ("agency") .

The term "pharmaceutically acceptable" as used herein

means that the thing that is pharmaceutically acceptable, e.g.,

components, including containers, of a pharmaceutical com

position, does not cause unacceptable loss of pharmacologi

cal activity or unacceptable adverse side effects. Examples of

pharmaceutically acceptable components are provided in The

United States Pharmacopeia (USP), The National Formulary

(NF), adopted at the United States Pharmacopeial Conven

tion, held in Rockville, Md. in 1 990 and FDA Inactive Ingre

dient Guide 1990, 1996 issued by the U.S. Food and Drug

Administration (both are hereby incorporated by reference

herein, including any drawings). Other grades of solutions or

components that meet necessary limits and/or specifications

that are outside of the USP/NF may also be used.

The term "pharmaceutical composition" as used herein

shall mean a composition that is made under conditions such

that it is suitable for administration to humans, e.g., it is made

under GMP conditions and contains pharmaceutically

acceptable excipients, e.g., without limitation, stabilizers,

bulking agents, buffers, carriers, diluents, vehicles, solubiliz-

ers, and binders. As used herein pharmaceutical composition

includes but is not limited to a pre-lyophilization solution or

dispersion as well as a liquid form ready for injection or

infusion after reconstitution of a lyophilized preparation.

A "pharmaceutical dosage form" as used herein means the

pharmaceutical compositions disclosed herein being in a con

tainer and in an amount suitable for reconstitution and admin

istration of one or more doses, typically about 1-2, 1-3, 1-4,

1-5, 1-6, 1-10, or about 1-20 doses. Preferably, a "pharma-
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ceutical dosage form" as used herein means a lyophilized vents. Q3C. Federal Register. 1997; 62(247):67377). The

pharmaceutical composition disclosed herein in a container lower limit is the lowest amount that can be detected,

and in an amount suitable for reconstitution and delivery of The term "release" or "at release" means the drug product

one or more doses, typically about 1-2, 1-3, 1-4, 1-5, 1-6, has met the release specifications and can be used for its

1-10, or about 1-20 doses. The pharmaceutical dosage form 5 intended pharmaceutical purpose,

can comprise a vial or syringe or other suitable pharmaceu- ^ General

tically acceptable container. The pharmaceutical dosage form xhe invention provides stable, pharmaceutically accept-

smtable for injection or infusion use can include sterile aque- able compositions prepared from bendamustine. In particu-

ous solutions or dispersions or stenle powders comprising an ^ ^ invention ides formulations for the iy0phiiization

active ingredient which are adapted for the extemporaneous 10 n* +- tt^i tu i i,-r j j i.+ • j-t
P _ . . . . 1 1 . £ -i i i • i- oi bendamustine HC1. The lyophilized powder obtained irom

preparation of stenle iniectable or infusible solutions or dis- , r- w • m
r t ii T. i • j £• i u i such formulations is more easily reconstituted than the pres-
persions. In all cases, the ultimate dosage lorm should be , , , , , , i .n i • ^ i

+ •! a -j j , ii i j.+. n n + ently available lyophilized powder ofbendamustine. Further,
stenle, fluid and stable under the conditions oi manuiacture ^ ,

and storage. The liquid carrier or vehicle can be a solvent or the lyophilized products ofthe present invention have a better
liquid dispersion medium comprising, for example, water, 15 lmPunty Profile than Ribomustin® with respect to certain
ethanol, a polyol such as glycerol, propylene glycol, or liquid impurities, in particular HP1 , bendamustine dimer, and ben-
polyethylene glycols and the like, vegetable oils, nontoxic damustine ethylester, pnor to reconstitution, upon storage of
glyceryl esters, and suitable mixtures thereof. The prevention the lyophilate, or following reconstitution and admixture,
of the growth of microorganisms can be accomplished by The present invention further provides formulations of
various antibacterial and antifungal agents, for example, 20 bendamustine useful for treating neoplastic diseases. The
parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and formulations described herein can be administered alone or in

the like. combination with at least one additional anti -neoplastic agent

As used herein, the term "excipienf' means the substances and/or radioactive therapy,

used to formulate active pharmaceutical ingredients (API) An aspect of the invention is conditions and means for

into pharmaceutical formulations; in a preferred embodi- 25 enhancing the stability of bendamustine prior to and during

ment, an excipient does not lower or interfere with the pri- the lyophilization process, upon shelf storage or upon recon-

mary therapeutic effect ofthe API. Preferably, an excipient is stitution.

therapeutically inert. The term "excipient" encompasses car- Anti-neoplastic agents which may be utilized in combina-

riers, diluents, vehicles, solubilizers, stabilizers, bulking tion with the formulations of the invention include those

agents, and binders. Excipients can also be those substances 30 ided ^^Merck Index j j 16.17 Merck & Co.5 Inc.

present in a pharmaceutical formulation as an indired.or (1989) and The chemoth Source Book (1997). Both

unintended result oi the manuiacturing process. Preierably, il i -j i • j j j-i -i 1.1 + +i,
,r- -j j^i 47471 books are widely recognized and readily available to the

excipients are approved for or considered to be safe for human a '

and animal administration, i.e., GRAS substances (generally s e artlsa'1- „ . , . ., , ,
regarded as safe). GRAS substances are listed by the Food 35 There ^ larSe numbers ofantineoplastic agents available
and Drug administration in the Code of Federal Regulations m commercial use, in cluneal evaluation and in pre-chmcal
(CFR) at 2 1 CFR § 1 82 and 2 1 CFR § 1 84, incorporated herein development, which could be selected for treatment of neo-
by reference. Preferred excipients include, but are not limited plasia by combination drug chemotherapy. Such antineoplas-
to, hexitols, including mannitol and the like. tic agents fall into several major categories, namely, antibi-

As used herein "a stabilizing concentration of an oiganic 40 otic -type agents, covalent DNA-binding drugs,
solvent" or "a stabilizing concentration of an alcohol" means antimetabolite agents, hormonal agents, including glucocor-
that amount of an organic solvent or alcohol that reduces the ticoids such as prednisone and dexamethasone, immunologi-

level of degradation of bendamustine to achieve a specified cal agents, interferon-type agents, differentiating agents such

level of degradants in the final drug product. For example, as the retinoids, pro-apoptotic agents, and a category ofmis-

with respect to the degradant HP 1, a stabilizing concentration 45 cellaneous agents, including compounds such as antisense,

of an organic solvent is that amount which results in an HP1 small interfering RNA, and the like. Alternatively, other anti-

concentration (area percent of bendamustine) of less than neoplastic agents, such as metallomatrix proteases (MMP)

about 0.5%, preferably less than 0.45%, preferably less than inhibitors, SOD mimics or alphav beta3 inhibitors may be

0.40%, more preferably less than 0.35%, more preferably less used.

than 0.30%, and even more preferably less than 0.25%. With 50 One family of antineoplastic agents which may be used in

respect to the overall or total degradant concentration of the combination with the compounds ofthe inventions consists of

final drug product, a stabilizing concentration of an oiganic antimetabolite-type antineoplastic agents. Suitable antime-

solvent is that amount that results in a total degradant con- tabolite antineoplastic agents may be selected from the group

centration (at the time of drug product release) of less than consisting of alanosine, AG2037 (Pfizer), 5-FU-fibrinogen,

about 7% (area percent bendamustine), preferably less than 55 acanthifolic acid, aminothiadiazole, brequinar sodium, ear-

about 6%, more preferably less than about 5%, and even more mofur, Ciba-Geigy CGP-30694, cyclopentyl cytosine, cyt-

preferably less than about 4.0%. By "area percent of benda- arabine phosphate stearate, cytarabine conjugates, Lilly

mustine" is meant the amount of a specified degradant, e.g., DATHF, Merrel Dow DDFC, dezaguanine, dideoxycytidine,

HP1, relative to the amount of bendamustine as determined, dideoxyguanosine, didox, Yoshitomi DMDC, doxifluridine,

e.g., byHPLC. 60 Wellcome EHNA, Merck & Co. EX-01 5, fazarabine, floxu-

The term "organic solvent" means an organic material, ridine, fludarabine phosphate, 5-fluorouracil, N-(2'-fu-

usually a liquid, capable of dissolving other substances. ranidyl)-5-fluorouracil, Daiichi Seiyaku FO-152, isopropyl

As used herein, "trace amount of an organic solvent" pyrrolizine, Lilly LY-188011, Lilly LY-264618, methoben-

means an amount of solvent that is equal to or below recom- zaprim, methotrexate, Wellcome MZPES, norspermidine,

mended levels for pharmaceutical products, for example, as 65 NCINSC-127716,NCINSC-264880,NCINSC-39661,NCI

recommended by ICH guidelines (International Conferences NSC-612567, Warner-Lambert PALA, pentostatin, piritr-

on Harmonization, Impurities—Guidelines for Residual Sol- exim, plicamycin, Asahi Chemical PL-AC, Takeda TAC-788,
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thioguanine, tiazofurin, Erbamont TIF, trimetrexate, tyrosine

kinase inhibitors, tyrosine protein kinase inhibitors, Taiho

UFT and uricytin.

A second family of antineoplastic agents which may be

used in combination with the compounds of the invention 5

consists of covalent DNA-binding agents. Suitable alkylat-

ing-type antineoplastic agents may be selected from the

group consisting of Shionogi 254-S, aldo-phosphamide ana

logues, altretamine, anaxirone, Boehringer Mannheim BBR-

2207, bestrabucil, budotitane, Wakunaga CA-102, carbopl- 10

atin, cannustine, Chinoin-139, Chinoin-153, chlorambucil,

cisplatin, cyclophosphamide, American Cyanamid

CL-286558, Sanofi CY-233, cyplatate, Degussa D-19-384,

Sumimoto DACHP(Myr)2, diphenylspiromustine, diplati-

num cytostatic, Erba distamycin derivatives, Chugai DWA- 15

21 14R, ITI E09, elmustine, Erbamont FCE-24517, estramus-

tine phosphate sodium, fotemustine, Unimed G-6-M,

Chinoin GYKI-17230, hepsul-fam, ifosfamide, iproplatin,

lomustine, mafosfamide, melphalan, mitolactol, Nippon

Kayaku NK-121, NCI NSC-264395, NCI NSC-342215, 20

oxaliplatin, Upjohn PCNU, prednimustine, Proter PTT-1 19,

ranimustine, semustine, SmithKline SK&F-101772, Yakult

Honsha SN-22, spiromustine, Tanabe Seiyaku TA-077, tau-

romustine, temozolomide, teroxirone, tetraplatin and tri-

melamol. 25

Another family ofantineoplastic agents which may be used

in combination with the compounds disclosed herein consists

of antibiotic -type antineoplastic agents. Suitable antibiotic-

type antineoplastic agents may be selected from the group

consisting ofTaiho 41 81 -A, aclarubicin, actinomycin D, acti- 30

noplanone, alanosine, Erbamont ADR-456, aeroplysinin

derivative, Ajinomoto AN-201-II, Ajinomoto AN-3, Nippon

Soda anisomycins, anthracycline, azino-mycin-A, bisu-

caberin, Bristol-Myers BL-6859, Bristol-Myers BMY-

25067, Bristol-Myers BMY-25551, Bristol-Myers BMY- 35

26605, Bristol-Myers BMY-27557, Bristol-Myers BMY-

28438, bleomycin sulfate, bryostatin-1, Taiho C-1027,

calichemycin, chromoximycin, dactinomycin, daunorubicin,

Kyowa Hakko DC-102, Kyowa Hakko DC-79, Kyowa Hakko

DC-88A, Kyowa Hakko DC89-A1, Kyowa Hakko DC92-B, 40

ditrisarubicin B, Shionogi DOB-41, doxorubicin, doxorubi

cin-fibrinogen, elsamicin-A, epirubicin, erbstatin, esorubi-

cin, esperamicin-Al, esperamicin-Alb, Erbamont FCE-

21954, Fujisawa FK-973, fostriecin, Fujisawa FR-900482,

glidobactin, gregatin-A, grincamycin, herbimycin, idarubi- 45

cin, illudins, kazusamycin, kesarirhodins, Kyowa Hakko

KM-5539, Kirin Brewery KRN-8602, Kyowa Hakko

KT-5432, Kyowa Hakko KT-5594, Kyowa Hakko KT-6149,

American Cyanamid LL-D49194, Meiji Seika ME 2303,

menogaril, mitomycin, mitoxantrone, SmithKline M-TAG, 50

neoenactin, Nippon Kayaku NK-313, Nippon Kayaku NKT-

01, SRI International NSC-357704, oxalysine, oxaunomycin,

peplomycin, pilatin, pirarubicin, porothramycin, pyrindamy-

cin A, Tobishi RA-I, rapamycin, rhizoxin, rodorubicin, siba-

nomicin, siwenmycin, Sumitomo SM-5887, Snow Brand 55

SN-706, Snow Brand SN-07, sorangicin-A, sparsomycin, SS

Pharmaceutical SS-21020, SS Pharmaceutical SS-7313B, SS

Pharmaceutical SS-9816B, stelfimycin B, Taiho 4181-2, tali-

somycin, Takeda TAN-868A, terpentecin, thrazine, tric-

rozarin A, Upjohn U-73975, Kyowa Hakko UCN-10028A, 60

Fujisawa WF-3405, Yoshitomi Y-25024 and zorubicin.

A fourth family ofantineoplastic agents which may be used

in combination with the compounds of the invention include

a miscellaneous family ofantineoplastic agents selected from

the group consisting of alpha-carotene, alpha-difluorom- 65

ethyl -arginine, acitretin, arsenic trioxide, Avastin® (bevaci-

zumab), Biotec AD-5, KyorinAHC-52, alstonine, amonafide,

amphethinile, amsacrine, Angiostat, ankinomycin, anti-neo-

plaston A10, antineoplaston A2, antineoplaston A3, antine-

oplastonAS, antineoplastonAS2-l, HenkelAPD, aphidicolin

glycinate, asparaginase, Avarol, baccharin, batracylin, ben-

fluron, benzotript, Ipsen-Beaufour BIM-23015, bisantrene,

Bristo-Myers BMY-40481, Vestar boron- 10, bromofosfa-

mide, Wellcome BW-502, Wellcome BW-773, caracemide,

carmethizole hydrochloride, Ajinomoto CDAF, chlorsul-

faquinoxalone, Chemes CHX-2053, Chemex CHX-100,

Warner-Lambert CI-921, Warner-Lambert CI-937, Warner-

Lambert CI-941, Warner-Lambert CI-958, clanfenur, claviri-

denone, ICN compound 1259, ICN compound 4711, Contra-

can, Yakult Honsha CPT-11, crisnatol, curaderm, cytochalasin

B, cytarabine, cytocytin, Merz D-609, DABIS maleate, dac-

arbazine, datelliptinium, didemnin-B, dihaematoporphyrin

ether, dihydrolenperone, dinaline, distamycin, Toyo Pharmar

DM-341, Toyo Pharmar DM-75, Daiichi Seiyaku DN-9693,

elliprabin, elliptinium acetate, epothionesTsumura EPMTC,

erbitux, ergotamine, erlotnib, etoposide, etretinate, femetin-

ide, Fujisawa FR-57704, gallium nitrate, genkwadaphnin,

Gleevec® (imatnib), Chugai GLA-43, Glaxo GR-63178,

gefitinib, grifolan NMF-5N, hexadecylphosphocholine,

Green Cross HO-221, homoharringtonine, hydroxyurea,

BTG ICRF-187, indanocine, ilmofosine, isoglutamine,

isotretinoin, Otsuka JI-36, Ramot K-477, Otsuak

K-76COONa, Kureha Chemical K-AM, MECT Corp

KI-8110, American Cyanamid L-623, leukoregulin,

lonidamine, Lundbeck LU-23-112, Lilly LY-186641, NCI

(US) MAP, marycin, mefloquine, Merrel Dow MDL-27048,

Medco MEDR-340, merbarone, merocyanine derivatives,

methylanilinoacridine, Molecular Genetics MGI-136,

minactivin, mitonafide, mitoquidone, mopidamol, motretin-

ide, Zenyaku Kogyo MST-16, N-(retinoyl)amino acids, Nis-

shin Flour Milling N-021, N-acylated-dehydroalanines,

nafazatrom, Taisho NCU-190, nocodazole derivative, Nor-

mosang, NCI NSC-145813, NCI NSC-361456, NCI NSC-

604782, NCI NSC-95580, octreotide, Ono ONO-112, oqui-

zanocine, Akzo Oig-10172, paclitaxel, pancratistatin,

pazelliptine, Warner-Lambert PD-1 11707, Warner-Lambert

PD-1 15934, Warner-Lambert PD-131141, Pierre Fabre

PE-1001, ICRT peptide D, piroxantrone, polyhaematopor-

phyrin, polypreic acid, Efamol porphyrin, probimane, procar

bazine, proglumide, Invitron protease nexin I, Tobishi

RA-700, razoxane, Sapporo Breweries RBS, restrictin-P,

retelliptine, retinoic acid, Rhone-Poulenc RP-49532, Rhone-

Poulenc RP-56976, Rituxan® (and other anti CD20 antibod

ies, e.g. Bexxar®, Zevalin®), SmithKline SK&F-104864,

statins (Lipitor® etc.), Sumitomo SM-108, Kuraray

SMANCS, SeaPharm SP- 10094, spatol, spirocyclopropane

derivatives, spirogermanium, Unimed, SS Pharmaceutical

SS-554, strypoldinone, Stypoldione, Suntory SUN 0237,

Suntory SUN 2071, superoxide dismutase, Thalidomide,

Thalidomide analogs, Toyama T-506, Toyama T-680, taxol,

Teijin TEI-0303, teniposide, thaliblastine, Eastman Kodak

TJB-29, tocotrienol, Topostin, Teijin TT-82, Kyowa Hakko

UCN-01, Kyowa Hakko UCN-1028, ukrain, Eastman Kodak

USB-006, vinblastine sulfate, vincristine, vindesine,

vinestramide, vinorelbine, vintriptol, vinzolidine, withano-

lides andYamanouchi YM-534, Zometa®.

Examples of radioprotective agents which may be used in

the combination chemotherapy of this invention are AD-5,

adchnon, amifostine analogues, detox, dimesna, 1-102,

MM-159, N-acylated-dehydroalanines, TGF-Genentech,

tiprotimod, arnifostine, WR-151327, FUT-187, ketoprofen

transdermal, nabumetone, superoxide dismutase (Chiron and

Enzon).
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Methods for preparation of the antineoplastic agents

described above may be found in the literature. Methods for

preparation of doxorubicin, for example, are described in

U.S. Pat. Nos. 3,590,028 and 4,012,448. Methods forprepar-

ing metallomatrix protease inhibitors are described in EP

780386. Methods for preparing .alphav .beta3 inhibitors are

described in WO 97/08174.

Preferred anti-neoplastic agents include, without limita

tion, one or more of daunorubicin, bleomycin, vincristine,

doxorubicin, dacarbazine, prednisolone, mitoxantrone, pred

nisone, methotrexate, 5-flurouracil, dexamethasone, thalido

mide, thalidomide derivatives, 2ME2, Neovastat, R 1 1 5777,

arsenic trioxide, bortezomib, tamoxifen, G3139 (antisense),

and SU5416, mitomycin, anti-CD20 antibodies, such as Rit-

uxan® and R-etodolac.

Preferred drug regimens for which the present formulation

may be used in conjunction with or as a replacement for one

or more of the components includes, without limitation,

ABYD (doxorubicin, bleomycin, vincristine, dacarbazine), 20

DBV (daunorubicin, belomycin, vincristine), CVPP (cyclo

phosphamide, vinblastine, procarbazine, prednisolone), COP

(cyclophosphamide, vincristine, prednisolone), CEIOP (cy

clophosphamide, doxorubicin,

vincristine and prednisone) and CMF (cyclophosphamide, 25

methotrexate, 5-fluorouracil). Additional regimens are given

in Table A below.

TABLE A

Cancer Therapeutic Regimens

Abbreviation Drugs Used Disease

AC Doxombicin &

Cyclophosphamide

Breast cancer

CFM (CF, FNC) Cyclophosphamide,

Fluorouracil, Mitaxantrone

Breast cancer

CMF Cyclophosphamide,

Methotrexate, Fluorouracil

Breast cancer

NFL Mitoxantrone, Fluorouracil,

Leucovorin

Breast cancer

Sequential Dox-CMF Doxombicin Breast cancer

VATH Vinblastine, Doxombicin,

Thiotepa, Fluoxymesterone

Breast cancer

EMA-86 Etoposide, Mitoxantrone,

Cytarabine

AML (induction)

7 + 3 Cytarabine WITH

Daunombicin OR Idarobicin

OR Mitoxantrone

AML (induction)

5+2 Cytarabine WITH

Daunombicin OR

Mitoxantrone

AML (induction)

HiDAC Cytarabine AML (post-

remission)

ABYD Doxombicin, Bleomycin,

Vinblastine, Dacarbazine

Hodgkin's

ChlVPP Chlorambucil, Vinblastine,

Procarbazine, Prednisone

Hodgkin's

EVA Etoposide, Vinblastine,

Doxombicin

Hodgkin's

MOPP Mechlorethamine,

Vincristine, Procarbazine,

Prednisone

Hodgkin's

MOPP/ABV Hybrid Mechlorethamine,

Vincristine, Procarbazine,

Prednisone, Doxombicin,

Bleomycin, Vinblastine

Hodgkin's

MOPP/ABVD Mechlorethamine,

Doxombicin, Vinblastine,

Bleomycin, Etoposide,

Prednisone

Hodgkin's

CNOP Cyclophosphamide,

Mitoxantrone, Vincristine,

Prednisone

Non-Hodgkin's

10

15

30

35

40

45

50

55

60

65

TABLE A-continued

Cancer Therapeutic Regimens

Abbreviation Dmgs Used Disease

COMLA Cyclophosphamide,

Vincristine, Methotrexate,

Leucovorin, Cytarabine

Non-Hodgkin's

DHAP Dexamethasone, Cisplatin,

Cytarabine

Non-Hodgkin's

ESHAP Etoposide,

Methylprednisilone,

Cisplatin, Cytarabine

Non-Hodgkin's

MACOP-B Methotrexate, Leucovorin,

Doxombicin,

Cyclophosphamide,

Vincristine, Prednisone,

Bleomycin, Septra,

Ketoconazole

Non-Hodgkin's

m-BACOD Methotrexate, Leucovorin,

Bleomycin, Doxombicin,

Cyclophosphamide,

Vincristine, Dexamethasone

Non-Hodgkin's

MINE-ESHAP Mesna, Ifosfamide,

Mitoxantrone, Etoposide

Non-Hodgkin's

NOVP Mitoxantrone, Vinblastine,

Prednisone, Vincristine

Non-Hodgkin's

ProMACE/cytaBOM Prednisone, Doxombicin,

Cyclophosphamide,

Etoposide, Cytarabine,

Bleomycin, Vincristine,

Methotrexate, Leucovorin,

Septra

Non-Hodgkin's

M2 Vincristine, Carmustine, Multiple

Cyclophosphamide, Myeloma

Melphalan, Prednisone

MP Melphalan, Prednisone Multiple

Myeloma

VAD Vincristine, Doxombicin, Multiple

Dexamethasone Myeloma

VBMCP Vincristine, Carmustine, Multiple

Melphalan, Myeloma

Cyclophosphamide,

Prednisone

As described herein, a lyophilized formulation of benda-

mustine is achieved following removal of an organic solvent

in water. The most typical example of the solvent used to

prepare this formulation is tertiary butanol (TBA). Other

oiganic solvents can be used including ethanol, n-propanol,

n-butanol, isoproponal, ethyl acetate, dimethyl carbonate,

acetonitrile, dichloromethane, methyl ethyl ketone, methyl

isobutyl ketone, acetone, 1 -pentanol, methyl acetate, metha

nol, carbon tetrachloride, dimethyl sulfoxide, hexafluoroac-

etone, chlorobutanol, dimethyl sulfone, acetic acid, cyclo-

hexane. These preceding solvents may be used individually or

in combination. Useful solvents must form stable solutions

with bendamustine and must not appreciably degrade or

deactivate the API. The solubility of bendamustine in the

selected solvent must be high enough to form commercially

useful concentrations ofthe drug in solvent. Additionally, the

solvent should be capable of being removed easily from an

aqueous dispersion or solution of the drug product, e.g.,

through lyophilization or vacuum drying. Preferably, a solu

tion having a concentration of about 2-80 mg/mL, preferably

about 5 to 40 mg/mL, more preferably 5-20 mg/mL and even

more preferably 12 to 17 mg/mL bendamustine is used.

A pharmaceutically acceptable lyophilization excipient

can be dissolved in the aqueous phase. Examples of excipi-

ents useful for the present invention include, without limita

tion, sodium or potassium phosphate, citric acid, tartaric acid,

gelatin, glycine, and carbohydrates such as lactose, sucrose,

maltose, glycerin, dextrose, dextran, trehalose andhetastarch.

Marmitol is a preferred excipient. Other excipients that may
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be used ifdesired include antioxidants, such as, without limi

tation, ascorbic acid, acetylcysteine, cysteine, sodium hydro

gen sulfite, butyl-hydroxyanisole, butyl-hydroxytoluene or

alpha-tocopherol acetate, or chelators.

A typical formulation and lyophilization cycle useful in 5

accordance with the present invention is provided below.

Lyophilization can be carried out using standard equipment

as used for lyophilization or vacuum drying. The cycle may

be varied depending upon the equipment and facilities used

for the fill/finish. 10

In accordance with a typical embodiment of the present

invention, an aqueous pre-lyophilization solution or disper

sion is first formulated in a pharmaceutically acceptable com

pounding vessel. The solution is aseptically filtered into a

sterile container, filled into an appropriate sized vial, partially 15

stoppered and loaded into the lyophilizer. Using lyophiliza

tion techniques described herein the solution is lyophilized

until a moisture content in the range ofabout 0.1 to about 8.0

percent is achieved. The resulting lyophilization powder is

stable as a lyophilized powder for about six months to greater 20

than about 2 years, preferably greater than about 3 years at

about 5° C. to about 25° C. and can be readily reconstituted

with Sterile Water for Injection, or other suitable carrier, to

provide liquid formulations of bendamustine, suitable for

internal administration e.g., by parenteral injection. For intra- 25

venous administration, the reconstituted liquid formulation,

i.e., the pharmaceutical composition, is preferably a solution.

The pre-lyophilization solution or dispersion normally is

first formulated in a pharmaceutically acceptable container

by : 1 ) adding an excipient, such as mannitol (about 0 to about 30

50 mg/mL) with mixing to water (about 65% of the total

volume) at ambient temperature, 2) adding an organic solvent

(0.5-99.9% v/v), such as TEA to the aqueous solution with

mixing at about 20°-35° C., 4) adding bendamustine F1C1 to

the desired concentration with mixing, 5) adding water to 35

achieve the final volume, and 6) cooling the solution to about

1° C. to about 30° C., preferably about 5° C. Although the

preceding steps are shown in a certain order, it is understood

that one skilled in the art can change the order ofthe steps and

quantities as needed. Quantities can be prepared on a weight 40

basis also.

The pre-lyophilization solution or dispersion can be ster

ilized prior to lyophilization, sterilization is generally per

formed by aseptic filtration, e.g., through a 0.22 micron or

less filter. Multiple sterilization filters can be used. Steriliza- 45

tion of the solution or dispersion can be achieved by other

methods known in the art, e.g., radiation.

In this case, after sterilization, the solution or dispersion is

ready for lyophilization. Generally, the filtered solution will

be introduced into a sterile receiving vessel, and then trans- 50

ferred to any suitable container or containers in which the

formulation may be effectively lyophilized. Usually the for

mulation is effectively and efficiently lyophilized in the con

tainers in which the product is to be marketed, such as, with

out limitation, a vial, as described herein and as known in the 55

art.

A typical procedure for use in lyophilizing the pre-lyo

philization solutions or dispersions is set forth below. Flow-

ever, a person skilled in the art would understand that modi

fications to the procedure or process may be made depending 60

on such things as, but not limited to, the pre-lyophilization

solution or dispersion and lyophilization equipment.

Initially, the product is placed in a lyophilization chamber

under a range of temperatures and then subjected to tempera

tures well below the product's freezing point, generally for 65

several hours. Preferably, the temperature will be at or below

about -40° C. for at least 2 hours. After freezing is complete,

the chamber and the condenser are evacuated through vacuum

pumps, the condenser surface having been previously chilled

by circulating refrigerant. Preferably, the condenser will have

been chilled below the freezing point of the solution prefer

ably to about -40°, more preferably to about -50° C. or lower,

even more preferably to about -60° C. or lower. Additionally,

evacuation ofthe chamber should continue until a pressure of

about 10 to about 600 microns, preferably about 50 to about

150 microns is obtained.

The product composition is then warmed under vacuum in

the chamber and condenser. This usually will be carried out

by warming the shelves within the lyophilizer on which the

product rests during the lyophilization process at a pressure

ranging from about 10 to about 600 microns. The warming

process will optimally take place very gradually, over the

course ofseveral hours . For example, the product temperature

should initially be increased from about -30° C. to about

-101° C. and maintained for about 10-70hours. Additionally,

the product temperature can be increased from the freezing

temperature to about 25° C.-40° C. over a period of 30-192

hours. To prevent powder ejection of the lyophilate from

vials, complete removal of the organic solvent and water

should be done during the initial drying phase. Complete

drying can be confirmed by stabilization of vacuum, con

denser temperature and product shelf temperature. After the

initial drying, the product temperature should be increased to

about 25° C.-40° C. and maintained for about 5-40 hours.

Once the drying cycle is completed, the pressure in the

chamber can be slowly released to atmospheric pressure (or

slightly below) with sterile, dry-nitrogen gas (or equivalent

gas). If the product composition has been lyophilized in con

tainers such as vials, the vials can be stoppered, removed and

sealed. Several representative samples can be removed for

purposes of performing various physical, chemical, and

microbiological tests to analyze the quality of the product.

The lyophilized bendamustine formulation is typically

marketed in pharmaceutical dosage form. The pharmaceuti

cal dosage form ofthe present invention, although typically in

the form of a vial, may be any suitable container, such as

ampoules, syringes, co-vials, which are capable ofmaintain

ing a sterile environment. Such containers can be glass or

plastic, provided that the material does not interact with the

bendamustine formulation. The closure is typically a stopper,

most typically a sterile rubber stopper, preferably a bromobu-

tyl rubber stopper, which affords a hermetic seal.

After lyophilization, the bendamustine lyophilization

powder may be filled into containers, such as vials, or alter

natively the pre-lyophilization solution can be filled into such

vials and lyophilized therein, resulting in vials which directly

contain the lyophilized bendamustine formulation. Such vials

are, after filling or lyophilization of the solution therein,

sealed, as with a stopper, to provide a sealed, sterile, pharma

ceutical dosage form. Typically, a vial will contain a lyo

philized powder including about 10-500 mg/vial, preferably

about 100 mg/vial, bendamustine and about 5 mg-2 g/vial,

preferably about 170 mg/vial, mannitol.

The lyophilized formulations of the present invention may

be reconstituted with water, preferably Sterile Water for

Injection, or other sterile fluid such as co-solvents, to provide

an appropriate solution of bendamustine for administration,

as through parenteral injection following further dilution into

an appropriate intravenous admixture container, for example,

normal saline.

B. Solubility

The solubility of bendamustine F1C1 (bendamustine) in

water (alone) and with varying amounts of alcohols com

monly used in lyophilization, e.g., methanol, ethanol, pro-
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panol, isopropanol, butanol and tertiary-butyl alcohol (TBA)

was determined by visual inspection. Amounts ofbendamus-

tine at 15 mg/mL, combined with mannitol at 25.5 mg/mL

were prepared in 10 mL of the indicated alcohol solutions at

room temperature (see Table 1). Samples were then refriger

ated at 5° C. and inspected after 0, 3, 6 and 24 hours for

particulates and/or precipitates.

The results shown in Table 1 indicate that bendamustine

solubility is dependant on temperature and the amount of

alcohol in aqueous solutions. For the alcohols tested, the

solubility of bendamustine increased as the concentration of

alcohol increased. The formation of a precipitant was also

dependent on the temperature and time. Bendamustine did

not precipitate immediately with any alcohol, but crystallized

after storage at 5° C. Alcohols varied in their effect on solu

bility. Without wishing to be bound to any particular theory,

smaller alcohols such as methanol and ethanol have less ofan

effect on solubility as compared with larger alcohols (tertiary-

butanol and n-butanol). Flowever, the shape of the alcohol is

also important. For example n-propanol was found to be

better than iso-propanol in preventing precipitation in this

system. The two alcohols with the greatest effect on solubility

were n-propanol and tertiary-butanol.

TABLE 1

Bendamustine solubility over a 24 hour period in various alcohols

when stored at 5° C.

Zero Time 3 Hours 6 Hours 24 Hours

Methanol (v/v)

0% (Water Only) CCS CCS Precipitate Precipitate

5% CCS CCS Precipitate Precipitate

10% CCS CCS CCS Precipitate

20% CCS CCS CCS Precipitate

30% CCS CCS CCS CCS

Ethanol (v/v)

1.9% CCS CCS Precipitate Precipitate

5% CCS CCS Precipitate Precipitate

10% CCS CCS CCS Precipitate

20% CCS CCS CCS CCS

30% CCS CCS CCS CCS

n-Propanol (v/v/)

5% CCS CCS CCS Precipitate

10% CCS CCS CCS CCS

20% CCS CCS CCS CCS

30% CCS CCS CCS CCS

Iso-propanol (v/v)

5% CCS Precipitate Precipitate Precipitate

10% CCS CCS CCS CCS

20% CCS CCS CCS CCS

30% CCS CCS CCS CCS

n-Butanol (v/v)

5% CCS CCS CCS CCS

10% CCS CCS CCS CCS

20% 2 layers 2 layers 2 layers 2 layers

30% 2 layers 2 layers 2 layers 2 layers

Tert-Butanol (v/v)

5% CCS CCS CCS Precipitate

10% CCS CCS CCS Precipitate

20% CCS CCS CCS CCS

30% CCS CCS CCS CCS

CCS stands for clear colorless solution
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based on stability studies (results described below). For both

solutions tested, the solubility of bendamustine decreased

linearly with temperatures from 25° C. to 0° C. This experi

ment confirmed the data shown in Table 1 and highlights the

difference in bendamustine solubility for 20% and 30% TBA

solutions.

TABLE 2

10 Solubility of bendamustine in TBA

-8° C. 0oC. 5° C. 25° C.

20% (v/v) TBA

55

25.5 mg/mL mannitol 14 mg/mL 11 mg/mL 17 mg/mL 47 mg/mL

Water, q.s. to desired

volume

30% (v/v) TBA

25.5 mg/mL mannitol 20 mg/mL 18 mg/mL 27 mg/mL 65 mg/mL

Water, q.s. to desired

volume

C. Stability

Because of its instability in aqueous solutions due to

hydrolysis with water, bendamustine requires lyophilization

in order to make a product suitable for pharmaceutical use.

Flowever, during the manufacturing of lyophilized drug prod

ucts, aqueous solutions are commonly needed for filling,

prior to lyophilization. Thus, the use of aqueous solutions

during the compounding and fill processes for bendamustine

and other nitrogen mustards can result in degradation of the

drug product. Consequently, the effect ofvarious alcohols on

the degradation ofbendamustine was evaluated to determine

if formulations could be found that would allow longer fill-

finish times, provide lyophilate powders that could be recon

stituted more quickly than the current Ribomustin® formu

lation, and/or provide lyophilized preparations of

bendamustine with a better impurity profile with respect to

certain impurities, e.g., F1P1, and BM1 dimer than Ribomus

tin®.

Preferably, a lyophilized preparation of the invention is

stable with respect to F1P1, i.e., the amount of F1P1 does not

increase appreciably (does not exceed the shelf-life specifi

cations), for 6 months, more preferably 12 months, and even

more preferably greater than 24 months, e.g., 36 months,

when stored at about 2° C. to about 30° C., preferably 5° C.

Table 3 shows the stability results ofbendamustine in water

with no addition of alcohol over a 24 hour period at 5° C.

Bendamustine degrades rapidly in water alone and forms

predominantly the hydrolysis product, F1P1 (monohydroxy

bendamustine).

Formula II

60

Experiments to quantitatively determine the solubility of

bendamustine at various temperatures for three different solu- 65

tions are summarized in FIG. 1 and Table 2. The amount of

TBA, 20% (v/v) and 30% (v/v), used in the experiment was

OH

Monohydroxy bendamustine (HP1)
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TABLE 3

Stability of bendamustine in water

Hold Time Purity (% Area) HP1 (%) Dimer (%)

0% Alcohol, i.e., 0 hours 99.11 0.60 0.11

Water Alone 3 hours 98.83 0.86 0.13

6 hours 98.44 1.22 0.17

24 hours 95.67 3.81 0.29

The other major degradant observed during this study and

other long term stability studies was the dimer of bendamus-

tine.

10

22
venting degradation ofbendamustine. At 20% and 30% (v/v),

n-butanol in water resulted in a biphasic system due to the

insolubility ofn-butanol in water at these concentrations.

FIGS. 3 and 4 show the amount of degradation of benda

mustine as measured by F1P1 and dimer formation quantified

by F1PLC (as described herein). F1P1 and dimer formation

increased as the amount of alcohol concentration decreased

regardless ofthe alcohol. This increase in impurities occurred

with an anticipated time dependence (see Tables 3-9). Tert-

butanol and n-butanol appeared superior to other alcohols in

preventing degradation of the product. As seen in Table 10,

marmitol had no effect on the stabilization of bendamustine

with TBA.

Formula III

OH

Bendamustine Dimer (BM1 Dimer)

Other degradants contained in the Ribomustin lyophilized

product are bendamustine ethylester (BM1EE) (Formula IV)

and BM1DCE (Formula V). BM1EE is formed when benda

mustine reacts with ethyl alcohol.

TABLE 4

Formula IV

COOCH.CHq

Bendamustine ethylester (BM1EE)
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Formula V
50

BM1DCE

FIG. 2 summarizes the purity results of an F1PLC analysis

after incubating bendamustine in various alcohols for 24

hours at 5° C. Results are presented as the area percent of the

total peak area. The numerical values for FIG. 2 are provided

in Tables 3-9. The purity was highest in solutions containing

higher concentration ofalcohols, regardless ofthe alcohol . Of

the alcohols evaluated, bendamustine degraded the least in a

solution containing about 30% (v/v) TBA. In about 10% and

about 20% alcohol solutions, n-butanol was superior in pre-

HPLC stability results for the stability of bendamustine in various ethyl

alcohol concentrations over a 24 hour period. HP1 and Dimer were

V/V alcohol Hold Time Purity (% Area) HP1 (%) Dimer (%)

1.9% Ethanol 0 hours 99.11 0.64 0.12

3 hours 98.83 0.90 0.14

6 hours 98.60 1.12 0.15

24 hours 96.16 3.41 0.27

5% Ethanol 0 hours 99.31 0.44 0.12

3 hours 99.10 0.64 0.13

6 hours 98.87 0.86 0.14

24 hours 96.89 2.68 0.25

10% Ethanol 0 hours 99.44 0.33 0.11

3 hours 99.28 0.48 0.12

6 hours 99.10 0.65 0.12

24 hours 98.03 1.57 0.18

20% Ethanol 0 hours 99.54 0.22 0.10

3 hours 99.45 0.30 0.11

6 hours 99.36 0.39 0.11

24 hours 98.61 0.96 0.15

30% Ethanol 0 hours 99.62 0.15 0.10

3 hours 99.56 0.21 0.11

6 hours 99.52 0.24 0.12

24 hours 99.21 0.45 0.12

TABLE 5

55 HPLC stability results for bendamustine in various Tert-

concentrations over a 24 hour period. HP1 and Dimer were

butanol

impurities

60

65

Concentration

alcohol (v/v) Hold Time Purity (% Area) HP1 (%) Dimer (%)

5% Tert-butanol 0 hours 99.34 0.41 0.12

3 hours 99.10 0.64 0.14

6 hours 98.85 0.88 0.13

24 hours 97.58 2.09 0.20

10% Tert- 0 hours 99.46 0.30 0.11

butanol 3 hours 99.26 0.48 0.12

6 hours 99.05 0.69 0.13

24 hours 98.04 1.64 0.19
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TABLE 5 -continued

HPLC stability results for bendamustine in various Tert-butanol

concentrations over a 24 hour period. HP1 and Dimer were impurities

that increased in this study.

Concentration

alcohol (v/v) Hold Time Purity (% Area) HP1 (%) Dimer (%)

20% Tert- 0 hours 99.59 0.17 0.11

butanol 3 hours 99.48 0.29 0.11

6 hours 99.35 0.40 0.12

24 hours 98.35 1.27 0.20

30% Tert- 0 hours 99.63 0.13 0.10

butanol 3 hours 99.60 0.16 0.10

6 hours 99.58 0.18 0.11

24 hours 99.42 0.34 0.12

24

TABLE i

HPLC stability results for bendamustine in various methyl alcohol

concentrations over a 24 hour period. HP1 and Dimer were impurities

10

15

Concentration

alcohol (v/v) Hold Time Purity (% Area) HP1 (%) Dimer (%)

5% Methanol 0 hours 99.35 0.40 0.12

3 hours 98.97 0.70 0.14

6 hours 98.66 0.95 0.14

24 hours 96.65 2.83 0.23

10% Methanol 0 hours 99.42 0.34 0.11

3 hours 99.01 0.59 0.12

6 hours 98.86 0.80 0.12

24 hours 97.65 1.85 0.18

20% Methanol 0 hours 99.56 0.22 0.11

3 hours 99.31 0.38 0.11

6 hours 98.99 0.50 0.12

24 hours 98.31 1.15 0.16

30% Methanol 0 hours 99.59 0.18 0.10

3 hours 99.43 0.27 0.11

6 hours 99.25 0.34 0.11

24 hours 98.65 0.76 0.13

TABLE 6 TABLE 9

HPLC stability results for various n-propyl alcohol concentrations over

a 24 hour period. HP1 and Dimer were impurities that increased in this

study.

Concentration

alcohol (v/v) Hold Time Purity (% Area) HP1 (%) Dimer (%)

5% n-Propanol 0 hours 99.25 0.43 0.13

3 hours 99.00 0.66 0.15

6 hours 98.72 0.94 0.16

24 hours 97.24 2.33 0.26

10% n-Propanol 0 hours 99.34 0.33 0.15

3 hours 99.17 0.48 0.14

6 hours 98.92 0.70 0.16

24 hours 97.67 1.83 0.28

20% n-Propanol 0 hours 99.45 0.33 0.13

3 hours 99.42 0.26 0.13

6 hours 99.29 0.39 0.14

24 hours 98.60 0.97 0.24

30% n-Propanol 0 hours 99.53 0.15 0.13

3 hours 99.51 0.15 0.15

6 hours 99.44 0.20 0.11

24 hours 99.27 0.36 0.17

TABLE 7

HPLC stability results for bendamustine in various iso-propyl alcohol

concentrations over a 24 hour period. HP1 and Dimer were impurities

that increased in this study.

Concentration

alcohol (v/v) Hold Time Purity (% Area) HP1 (%) Dimer (%)

5% Iso-propanol 0 hours 99.21 0.48 0.13

3 hours 98.65 0.72 0.14

6 hours 98.56 1.02 0.14

24 hours 96.14 3.35 0.26

10% Iso- 0 hours 99.32 0.37 0.12

propanol 3 hours 99.11 0.55 0.14

6 hours 98.85 0.75 0.16

24 hours 97.68 1.92 0.21

20% Iso- 0 hours 99.49 0.21 0.11

propanol 3 hours 99.39 0.31 0.12

6 hours 99.22 0.42 0.13

24 hours 98.61 1.04 0.17

30% Iso- 0 hours 99.56 0.15 0.10

propanol 3 hours 99.47 0.20 0.12

6 hours 99.40 0.24 0.11

24 hours 99.15 0.52 0.14
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HPLC stability results for bendamustine in various n-butyl alcohol

concentrations over a 24 hour period. HP1 and Dimer were impurities

Concentration

alcohol (v/v) Hold Time Purity (% Area) HP1 (%) Dimer (%)

5% Butanol 0 hours 99.25 0.49 0.13

3 hours 98.94 0.73 0.14

6 hours 98.76 0.91 0.14

24 hours 97.46 2.20 0.21

10% Butanol 0 hours 99.44 0.30 0.11

3 hours 99.18 0.49 0.12

6 hours 99.03 0.64 0.12

24 hours 98.13 1.55 0.17

20% ButanoU 0 hours 99.54 0.23 0.10

3 hours 99.45 0.31 0.11

6 hours 99.30 0.40 0.11

24 hours 98.81 0.91 0.14

30% ButanoL 0 hours 99.55 0.24 0.10

3 hours 99.40 0.29 0.10

6 hours 99.40 0.37 0.11

24 hours 99.00 0.74 0.12

<rBoth solutions had 2 layers/phases of liquids in the vial. Solutions were vortexed prior to
45 sample preparation.

The results in Tables 1-9 indicate that the stability of ben

damustine HC1 with respect to HP1 and dimer improves with

increasing alcohol concentration.

50

TABLE 10

HPLC stability results for bendamustine in TEA with and without

	 mannitol over a 24 hour period.	

55 Sample Purity (% Area) HP1 (%)

TEA 20% (v/v) with Mannitol

0 hours 99.59 0.17

24 hours @ 5° C. 99.35 1.27

TEA 20% (v/v) without Mannitol

0 hours 100.0 0.00

24 hours @ 5° C. 98.80 1.21

NOTE:

The samples analyzed without mannitol were analyzed by HPLC using a normal phase
65 method while the samples analyzed with mannitol used a reverse phase HPLC method.

Slight variability may be seen in other samples analyzed between the two methods.
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D. Lyophilization Cycle Development

Different pre-lyophilization formulations were prepared at

various concentrations ofbendamustine, marmitol, and alco

hols in water. The cycle development was changed and opti

mized at each step for freezing (fast vs. slow), primary drying

(both temperature and pressure), and secondary drying as

described herein.

Based upon all of the information detailed above on solu

bility, stability, and ease of lyophilization, preferred formu

lations include the following:
10
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-continued

Ingredients Concentration

Bendamustine HC1 about 12.5-15 mg/mL

Mannitol about 0-30 mg/mL

Ethanol about 20-30% (v/v)

Water, q.s. to desired volume

Bendamustine HC1 about 15 mg/mL

Mannitol about 25.5 mg/mL

Tertiary butanol about 30% (v/v)

Water, q.s. to desired volume

Ingredients Concentration

Bendamustine

Mannitol

Alcohol

Water, q.s. to

wherein the alcohol

or isopropanol

Bendamustine

Mannitol

Alcohol

Water, q.s. to

wherein the alcohol

or isopropanol

Bendamustine

Mannitol

Alcohol

Water, q.s. to

Bendamustine HC1

Mannitol

Alcohol

Water, q.s. to

Bendamustine HC1

Mannitol

Alcohol

Water, q.s. to

Bendamustine HC1

Mannitol

Butanol

Water, q.s. to

Bendamustine HC1

Mannitol

Butanol

Water, q.s. to

Bendamustine HC1

Mannitol

Butanol

Water, q.s. to

Bendamustine HC1

Mannitol

Butanol

Water, q.s. to

Bendamustine HC1

Mannitol

Tertiary butanol

Water, q.s. to

Bendamustine HC1

Mannitol

Tertiary butanol

Water, q.s. to

Bendamustine HC1

Mannitol

Tertiary butanol

Water, q.s. to

Bendamustine HC1

Mannitol

Tertiary butanol

Water, q.s. to

Bendamustine HC1

Mannitol

Tertiary butanol

Water, q.s. to

Bendamustine HC1

Mannitol

Tertiary butanol

Water, q.s. to

about 2-40 mg/mL

about 0-50 mg/mL

about 0.5%-40% (v/v)

desired volume

is selected from methanol, n-propanol,

about 5-20 mg/mL

10-30 mg/mL

1-20% (v/v)

desired volume

is selected from methanol, n-propanol,

about 5-20 mg/mL

10-30 mg/mL

5-40% (v/v)

desired volume

about 12-17 mg/mL

about 20-30 mg/mL

about 5-15% (v/v)

desired volume

about 15 mg/mL

about 25.5 mg/mL

about 10% (v/v)

desired volume

about 2-40 mg/mL

about 0-50 mg/mL

about 0.5-20% (v/v)

desired volume

about 5-20 mg/mL

about 10-30 mg/mL

about 1-10% (v/v)

desired volume

about 12-17 mg/mL

about 20-30 mg/mL

about 1-10% (v/v)

desired volume

about 15 mg/mL

about 25.5 mg/mL

about 10% (v/v)

desired volume

about 2-50 mg/mL

about 0-50 mg/mL

about 0.5-100% (v/v)

desired volume

about 2-50 mg/mL

about 0-50 mg/mL

about 0.5-99.9% (v/v)

desired volume

about 2-50 mg/mL

about 0-50 mg/mL

about 0.5-99% (v/v)

desired volume

about 2-50 mg/mL

about 0-50 mg/mL

about 90-99% (v/v)

desired volume

about 5-20 mg/mL

about 10-30 mg/mL

about 5-80% (v/v)

desired volume

about 12-17 mg/mL

about 20-30 mg/mL

about 10-50% (v/v)

desired volume
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EXAMPLES

The following Examples are provided to illustrate certain

aspects of the present invention and to aid those ofskill in the

art in practicing the invention. These Examples are in no way

to be considered to limit the scope of the invention in any

manner.

Materials:

Bendamustine HC1, (Degussa, Lot #s 0206005 and 0206007)

Marmitol, NF or equivalent (Mallinckrodt)

Ethyl Alcohol Dehydrated (200 proof), USP or equivalent

(Spectrum)

Tertiary-butyl alcohol, ACS (EM Science)

Methanol (Spectrum and EMD)

Propanol (Spectrum)

Iso-propanol (Spectrum)

Butanol (Spectrum)

Water, HPLC grade or equivalent (EMD)

Acetonitrile, E1PLC grade or equivalent (EMD)

Trifluoroacetic Acid, J. T. Baker

Methanol, E1PLC grade or equivalent (EM Science, Cat #

MX0488P-1)

Trifluoroacetic Acid, E1PLC grade or equivalent (JT Baker,

Cat# JT9470-01)

Equipment:

Waters 2695 Alliance E1PLC system with photodiode array

detector

Waters 2795 Alliance E1PLC system with dual wavelength

detector

Analytical Balance (Mettler AG285, ID #1028) and (Mettler

XS205)

VirTis Lyophilizer Advantage

Agilent Zorbax SB-C18 5 pm 80 A 4.6x250 mm column,
Cat#880975-902

Example 1

HPLC Procedures

Method 1

Mobile Phase A: 0.1% TFA; H20

Mobile Phase B: 0.1% TFA; 50% ACN:50% H20

UV: 230 nm

Flow rate: 1 .0 mL/min

Column temp.: 30° C.

Column: Zorbax SB-C18 5 pm 80 A 4.6x250 mm
Sample temp.: 5° C.

Injection Volume: lOpL

Sample Concentration: 0.25 mg/mL in MeOH

Gradient: 20% B for 1 min

20-90% B in 23 min

90% B for 6 min

back to 20% B in 1 min

hold at 20% B for 4 min

Case 1:14-cv-01117-UNA   Document 1-2   Filed 09/02/14   Page 3 of 49 PageID #: 76



US 8,436,190 B2

27
Run time: 30 min

Post run time: 5 min

Method 2

Mobile Phase A: 0.1% TFA; H20:ACN (9:1)

Mobile Phase B: 0.1% TFA; H20:ACN (5:5)

UV: 230 nm

Flow rate: 1 .0 mL/min

Column: Zorbax SB-C18 5 (rm 80 A 4.6x250 mm

Column temp.: 30° C.

Sample temp.: 5° C.

Injection Volume: 10 pL

Sample Concentration: 0.25 mg/mL in MeOFl

Gradient: 0% B for 3 min

0-50% B in 13 min

50-70% B in 17 min

70-90% B in 2 min

90% B for 5 min

back to 0% B in 1 min

hold at 0% B for 4 min

Run time: 40 min

Post run time: 5 min

Method 3

Phase A: F1PLC grade water with 0.1% TFA (v/v)

Phase B: F1PLC grade ACN/water (1:1 v/v) with 0.1% TFA

(v/v)

UV: 254 nm

Flow rate: 1 .0 mL/min

Column: Zorbax SB-C18 5 pm 80 A 4.6x250 mm

Column temp.: 30° C.

Sample temp.: 5° C.

Injection Volume: 5 pL

Acquisition time: 30 min

Post time: 9 min

Diluent: methanol

40

Gradient:

Time (min.) % Phase A % Phase B

0.0 82 18

7.0 60 40

11.0 60 40

15.0 20 80

30.0 20 80

31.0 82 18

Sample preparation—dissolve the drug product with 200

mL MeOFl. Sonicate 6 minutes. The solution can be injected

directly into the F1PLC (ca. 0.5 mg/mL)

Method 4

Phase A: F1PLC grade water with 0.1% TFA (v/v)

Phase B: HPLC grade ACN with 0. 1% TFA (v/v)

UV: 254 nm

Flow rate: 1 .0 mL/min

Column: Zorbax Bonus RP-C14 5 pm 4.6x150 mm

Column temp.: 30° C.

Sample temp.: 5° C.

Injection Volume: 2 pL

Acquisition time: 31 min

Post time: 5 min

Diluent: NMP/0.1% TFA in water (50:50 v/v)

28

10

15

Gradient:

Time (min.) % Phase A % Phase B

0.0 93 7

5 93 7

13 73 27

16 73 27

25 10 90

31 10 90

Sample preparation for method 4—dissolve the drug prod

uct with a known amount ofdiluent to prepare a concentration

of 4.2 mg/mL for injection directly into the F1PLC. It may be

necessary to perform a second dilution (the 100 mg/vial dos

age form) to obtain a 4.2 mg/mL sample concentration.

Results

The retention times for some Bendamustine impurities

using F1PLC Method 1 described above are shown in Table

11. An F1PLC chromatograph for Ribomustin® using the

F1PLC procedure described herein is shown in FIG. 6.

TABLE 11

25

30

35

Retention Time for Bendamustine and some of its Impurities using

HPLC Method 1

Sample Name Retention Time (min)

HP1 14.110

Bendamustine 22.182

BM1 Dimer 24.824

BM1EE 26.968

Although F1PLC Method 1 was capable ofresolving impu

rities found in bendamustine it was not capable of separating

a potential impurity formed during analysis, the methyl ester

of bendamustine (BM1ME). The retention time difference

between BM1ME and BM1 Dimer was only 0.3 minutes. In

order to resolve BM1 Dimer, another F1PLC method (#2) was

developed. F1PLC method #2 was capable ofseparating all the

impurities but required a longer run time of45 minutes (Table

12).

TABLE 12

45

50

Sample Name Retention Time (min)

HP1 15.694

BM1 25.420

BM1ME 31.065

BM1 Dimer 32.467

BM1EE 36.038

55

60

65

The impurity profile of various lots of Ribomustin using

HPLC Method 3 are shown in Table 13.

TABLE 13

Ribomustine Impurity Profile using HPLC Method 3

% Area

Batch Bendamustine(HCl) HP1 BM1EE BM1 Dimer BM1DCE

03H08 98.14 1.07 0.21 0.34 0.03

03H07 97.67 1.5 0.2 0.33 0.04

02K27 96.93 0.93 0.29 1.18 0.08

03C08 97.61 1.24 0.19 0.46 0.02
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Example 2 minutes and then refrigerated at 5° C. A sample of each

formulation was analyzed by HPLC after 0, 3, 6 and 24 hours

Solubility when stored at 5° C.

C. Stability Results

The solubility of bendamustine HC1 (bendamustine) in 5 Table 3 shows the stability results ofbendamustine in water

water (alone) and with varying amounts ofmethanol, ethanol, with no addition of alcohol over a 24 hour period at 5° C.

propanol, isopropanol, butanol and tertiary-butyl alcohol Bendamustine degrades quickly in water but the stability of

(TBA) was determined by visual inspection. Amounts of bendamustine increases with increasing alcohol concentra-

bendamustine at 15 mg/mL, marmitol at 25.5 mg/mL were tions (FIGS. 2, 3 and 4). Although alcohols are frequently

prepared in 1 0 mL ofthe indicated alcohol solutions (Table 1 ) to used in lyophilization to aid in solubility problems, the effect

at room temperature. Samples were then refrigerated at 5° C. of alcohols on bendamustine stability is unique, unexpected

and inspected after 0, 3, 6 and 24 hours for particulates and/or and useful in manufacturing bendamustine with fewer impu-

precipitates. rities since an aqueous solution can be used while maintain-

Results summarized in Table 1 indicate that bendamustine ing the stability of bendamustine. TBA was found to be the

solubility is dependant on temperature and the amount of 15 best stabilizerofthesixalcoholstested(FIGS. 2, 3, and4). All

alcohol in aqueous solutions. For all alcohols the solubility of alcohols at 30% (v/v) reduced the formation of impurities

bendamustine increased as the concentration of alcohol FiPl and Dimer at 5° C. for up to 24 hours. With respect to

increased. The formation of a precipitant was also dependent TBA, FiPl reaches only about 0.4% when stored at 5° C. for

on the temperature and time. up to 24 hours. Lower concentrations of alcohol may not be

The solubility of bendamustine was also determined in 20 efficient, when formulated at 15 mg/mL bendamustine and

20% (v/v) TBA containing 25.5 mg/mL marmitol in water, stored at 5° C. due to bendamustine precipitation and impu-

and30%(v/v)TBAcontaining25.5mg/mLmarmitolinwater rity formation.

(FIG. 1). Bendamustine was added to 4 mL of each solution

while mixing until it would no longer dissolve. The saturated Example 4
solutions were allowed to mix for 1 hour at -8° C., 0° C., 5° 25

C., or 25° C. The samples were centrifuged and placed back Formulation Optimization
at the original temperature for a minimum of30 minutes. The

-8° C. sample was placed into an ice bath containing sodium After the solubility and stability of bendamustine were
chloride, which lowers the temperature ofthe ice bath, and the determined, the formulation was optimized for lyophiliza-
temperature was measured when the sample was pulled for 30 tion. Since the concentration of bendamustine is higher in a
analysis. An aliquot of each sample was taken and prepared 30% TBA/water saturated solution as compared with other
for FiPLC analysis . alcohol solutions, it is anticipated that the vial size required to

The results of these experiments are shown in FIG. 1 and fill 100 mg of bendamustine can be decreased from the cur-
Table 2. The amount ofTBA, 20% (v/v) and 30% (v/v), used rent Ribomustin® presentation. Although a saturated solu-
in the experiment (FIG. 1) was based on stability studies 35 tion ofbendamustine contains 18 mg/mL at 0° C., a concen-
described herein. tration of 15 mg/mL was selected for the formulation to

As indicated in FIG. 1, the solubility of bendamustine compensate for slight differences in API solubility due to
decreased linearly with temperature (25° C. to 0° C.). The differences in bulkAPI purity as a result ofbatch differences,
solubility of bendamustine was temperature dependant A concentration of 15 mg/mL bendamustine requires 6.67
whether it was dissolved in water alone or with an alcohol. 40 mL to fill 100 mg of bendamustine FiCl per vial.
The 20% (v/v) TBA may likely be the lower limit required for The surface (sublimation) area to volume ratio is critical to
efficient and robust pharmaceutical manufacturing due to the producing a lyophilized product with good appearance that
stability and solubility of bendamustine. A filling solution of freeze dries quickly. Generally, lyophilized products occupy
15 mg/mL bendamustine is close to the saturation limit of between 30% to 50% of the vial volume. A 20 mL vial with
1 7.2 mg/mL bendamustine at 5° C. but higher than the limit at 45 6.67 mL contains about 30% of its capacity and has a surface
0° C. The 30% (v/v) TBA is the recommended concentration area ratio of 0.796 cm2/mL.
of TBA for the final formulation and is well within the solu- Marmitol was selected as the bulking agent in order to
bility limit regardless of temperature. maintain a formulation similar to Ribomustin®. Studies were

performed to evaluate the effect ofmarmitol on bendamustine

Example 3 50 solubility and appearance of the product. Marmitol decreases

the solubility ofbendamustine (at 1 5 mg/mL) in both ethanol

Stability and TBA aqueous solutions. For example, solutions contain

ing 5% and 10% ethanol and TBA without marmitol did not

A. Stability in Water precipitate over 24 hours. Fiowever, for samples with marmi-

Solutions of bendamustine (15 mg/mL), and marmitol 55 tol (Table 1) precipitate was observed within 24 hours. There

(25.5 mg/mL) were prepared in water at room temperature was no precipitate with aqueous solutions containing 30%

and immediately placed in an ice bath (to lower the tempera- (v/v) TBA, 1 5 mg/mL bendamustine, and 25 .5 mg/mL man-

ture quickly to about 5° C.) for 10 minutes and then refriger- nitol. In order to maintain a well formed cake resistant to

ated at 5° C. A sample of each formulation was analyzed by breakage during handling, a minimum of 134 mg/vial of

FIPLC using the methods described herein after 0,3,6 and 24 60 marmitol was required with no difference observed in vials up

hours when stored at 5° C. to 200 mg/vial of marmitol.

B. Stability in Alcohols All alcohols tested increased the stability and solubility of

Solutions containing 15 mg/mL bendamustine, 25.5 bendamustine. Fiowever, a significant mole fraction was

mg/mL marmitol, and 1.9%, 5%, 10%, 20% or 30% (v/v) required to affect the stability of the filling solution and the

ethyl alcohol in water or 5%, 1 0%, 20% or 30% (v/v) TBA, 65 ease ofmanufacturing. Smaller alcohols have the undesirable

methanol, propanol, iso-propanol, or butanol in water were effect of lowering the freezing point of the bulk solution and

prepared at room temperature, placed into an ice bath for 10 thus requiring long lyophilization cycles at lower tempera-
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Example 5

Impurity Assessment

10

tures. Higher concentrations of methanol and ethanol pro

duced unattractive cakes that were difficult to reconstitute.

10% ethanol, 20% ethanol, 10% iso-propanol, 20% iso-pro-

panol, or 30% TBA aqueous solutions containing bendamus-

tine (15 mg/mL), marmitol (25.5 mg/mL) were prepared and 5

lyophilized. The lyophilized vials filled from solutions of

10% ethanol, 20% ethanol, 10% iso-propanol, 20% iso-pro-

panol produced either a collapsed cake or a film residue. The

only solvent system producing an acceptable cake was 30%

TBA. Additionally, reconstitution of 1 0% ethanol, 20% etha

nol, 10% iso-propanol, 20% iso-propanol lyophilized vials

were difficult and did not fully dissolve until>45 minutes.

The ability to utilize a smaller vial is constrained by the

concentration or solubility of bendamustine in the aqueous/ 15

organic solution. At lower concentrations of ethanol, metha

nol, isopropanol and n-propanol, which produced acceptable

cake appearance, a more dilute solution of bendamustine is

required due to solubility limitations. To maintain a presen

tationwith 1 00 mg ofbendamustine per vial, a vial larger than 20

50 mL would be required. Also, stability studies herein indi

cated that at the lower alcohol concentration, the chemical

stability was not sufficient to allow for acceptable filling

times.

One ofthe factors affecting the ease of reconstitution is the 25

porosity of the lyophilate. In general, amorphously precipi

tated solids with little surface area are more difficult to solu-

bilize. Most lyophilates containing marmitol will reconstitute

within 3-5 minutes as long as there is no precipitate formed

during lyophilization, frequently caused by evaporation of a 30

liquid (melt back). Based on our experience with several

lyophilization solvent systems and not wishing to be bound to

any particular theory, the problems associated with Ribomus-

tin® reconstitution may be associated with precipitation

caused by melt back during lyophilization. Most organic sol- 35

vents do not lyophilize efficiently and cause melt back

because of their low melting point. TBA (tertiary butyl alco

hol) has a high melting point and a similar vapor pressure as

compared to water. TBA is removed by sublimation, not

evaporation, at about the same rate as water. Lyophilates 40

produced with 30% (v/v) TBA according to the invention

reconstitute within 3-10 minutes as compare to commercially

available Ribomustin which may take 30-45 minutes.

Based upon the solubility, stability, ease of reconstitution

and manufacturing considerations, the following is a pre- 45

ferred pre-lyophilization formulation of the present inven

tion: bendamustine HC1 about 15 mg/mL, marmitol about

25.5 mg/mL, about 30% (v/v) tertiary-butyl alcohol, and q.s.

using water for Injection. The formulation is then filled at 5°

C. using 6.67 mL in an amber 20 mL, 20 mm vial and partially 50

stoppered with a bromobutyl stopper and loaded into a pre-

chilled lyophilizer.

55

Major impurities introduced during Ribomustin® manu

facturing, compounding, fill, and lyophilization procedure, as

determined by HPLC analysis (FIG. 6), are the hydrolysis 60

product HP1 , the Dimer, and the ethyl ester ofbendamustine,

BM1EE. BM1EE can be formed during drug substance

manufacturing, e.g., during recrystalization and/or purifica

tion processes. BM1EE is known to be a more potent cyto

toxic drug than bendamustine. Experiments were undertaken 65

to determine ifthe use of a 30% TBA aqueous filling solution

would lead to the formation of bendamustine t-butyl ester.

Experiments were performed using traditional Fisher

esterfication reaction conditions required for the formation of

t-butyl ester of bendamustine. Bendamustine was heated in

60° C. TBA with HC1 for 20 hours . No reaction was observed.

This result indicated that it would be very difficult to form the

tert-butyl ester ofbendamustine during the fill/finish process.

No new impurities in drug product manufactured from TBA

have been observed in stability studies to date.

To aid in the testing of the drug product, synthetic routes

using more reactive sources of the t-butyl moiety were devel

oped. Another attempt to make tert-butyl ester was carried out

by formation of the acyl chloride ofbendamustine. A suspen

sion ofbendamustine in methylene chloride was treated with

oxalyl chloride and N,N-dimethylformamide. After acyl

chloride was formed, the solvent was concentrated. The resi

due was added to methylene chloride, tert-butanol, triethy-

lamine, and 4-dimethylaminopyridine and the mixture was

stirred at room temperature overnight. After adding all sol

vents and purification, an unknown compound was given. The

EC-MS did not match the molecular weight ofbendamustine

tert-butyl ester and the proton NMR did not showed the peak

for tert-butyl. Therefore, this attempt also failed to produce

the bendamustine tert-butyl ester. Thus, using TBA as the

co-solvent has an additional benefit of not forming the ester

from the alcohol.

Example 6

Lyophilization Cycle Development

Numerous lyophilization cycles were performed to evalu

ate the critical stages of lyophilization and achieve the most

efficient drying cycle. Experiments were performed to evalu

ate the effect ofthe freezing rate, primary drying temperature,

time, and pressure on the product.

A. Freezing Rate

The literature reports that TBA adopts different crystal

forms depending on the freeze rate. In some TBA solutions,

the slower the product froze, the quicker it dried. Laiger

crystals formed during slow freezing producing bigger pores

allowing more efficient sublimation. However, during studies

with bendamustine, the freezing rate was not found to be a

critical processing parameter when evaluated at 2 and 8 hours .

B. Primary and Secondary Drying

During the first attempts to lyophilize from 30% TBA

solutions, the lyophilized cake fractured and powder was

ejected from the vial. These cakes appeared to contain amor

phous particles within the lyophilate, an indication of melt

back. This phenomenon was reproducible and occurred when

the product reached about -10° C. (refer to FIG. 5) indepen

dent of the warming rate. Several variables were tested to

determine the cause and solution to the problem ofthe powder

ejection. The pressure was raised from 50 pm to 150 pm

during primary drying, but powder ejection was still observed

but to a lesser extent. This experiment was then repeated

except the freezing rate was extended to 8 hours from 2 hours .

This change had no effect.

The length of primary drying was next evaluated. For

example, the following very slow drying cycle was evaluated:

freezing from +25° C. to -50° C. in eight hours; holding at

-50° C. for 5 hours, warming and drying from -50° C. to -25°

C. in seven hours; holding for twenty hours at -25° C., warm

ing and drying from -25° C. to -15° C. in two hours and

holding for twenty hours at -15° C., warming and drying

from -15° C. to 40° C. in six hours and holding for twenty

hours at 40° C. while maintaining a chamber pressure of 1 50

pm throughout drying. No powder ejection (FIG. 5) was
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observed. This cycle resulted in a well-formed cake without

fracture that reconstituted readily. Without wishing to be

bound to a particular theory, the problems with powder ejec

tion and difficulty with reconstitution may be the result of

drying the lyophilate too quickly, thus resulting in strong

vapor flow out of the cake as well as melt back. With the use

ofa less aggressive drying cycle an aesthetic, stable, and easy

to reconstitute cake was reproducibly formed. Thus, remov

ing all unbound water and tertiary-butyl alcohol prior to sec

ondary drying may prevent melt back as well as powder

ejection. The lyophilization cycle was further optimized

under these gentle conditions (FIG. 5). There were no imme

diate degradation products as a result of drying at 40° C. for

up to 20 hours.

Example 7

Lyophilization Cycle

Step Description Time (Hour) Temperature (0 C.)

Pressure

(Microns)

1 Hold 0.25 5° C. 	

2 Ramp 8 -50° C. —

3 Hold 4 -50° C. —

4 Ramp 3 -20° C. 150

5 Hold 6 -20° C. 150

6 Ramp 1 -15° C. 150

7 Hold 20 -15° C. 150

8 Ramp 0.5 -12° C. 150

9 Hold 15.5 -12 C. 150

10 Ramp 15 35 C. 50

11 Hold 10 35° C. 50

12 Ramp 1 40 C. 50

Hold 5 40 C. 50

Total 89.25 — —

10

15

All of the compositions and methods disclosed and

claimed herein can be made and executed without undue

experimentation in light of the present disclosure. While the

compostions and methods of this invention have been

described in terms ofpreferred embodiments, it will be appar

ent to those of skill in the art that variations may be applied to

the compositions and methods and in the steps or in the

sequence of steps of the method described herein without

departing from the spirit and scope of the invention. More

specifically, it will be apparent that certain solvents which are

both chemically and physiologically related to the solvents

disclosed herein may be substituted for the solvents described

herein while the same or similar results would be achieved.

All such similar substitutes and modifications apparent to

those skilled in the art are deemed to be within the spirit and

scope of the invention as defined by the appended claims.

All patents, patent applications, and publications men

tioned in the specification are indicative of the levels of those

ofordinary skill in the art to which the invention pertains. All

patents, patent applications, and publications are herein

incorporated by reference to the same extent as if each indi

vidual publication was specifically and individually indicated

to be incorporated by reference.

25

30

35

40

45

50

55

60

The invention illustratively described herein suitably may

be practiced in the absence of any element(s) not specifically

disclosed herein. Thus, for example, in each instance herein

any of the terms "comprising", "consisting essentially of,

and "consisting of may be replaced with either of the other

two terms. The terms and expressions which have been

employed are used as terms of description and not of limita

tion, and there is no intention that in the use of such terms and

expressions of excluding any equivalents of the features

shown and described or portions thereof, but it is recognized

that various modifications are possible within the scope ofthe

invention claimed. Thus, it should be understood that

although the present invention has been specifically disclosed

by preferred embodiments and optional features, modifica

tion and variation of the concepts herein disclosed may be

resorted to by those skilled in the art, and that such modifi

cations and variations are considered to be within the scope of

this invention as defined by the appended claims.

What is claimed is:

1. A pharmaceutical composition comprising bendamus-

tine or bendamustine hydrochloride, marmitol, tertiary-butyl

alcohol and water.

2. The pharmaceutical composition according to claim 1,

wherein said bendamustine or bendamustine hydrochloride is

present at a concentration of about 12 to 17 mg/ml, said

marmitol is present at a concentration of about 20-30 mg/ml,

and said tertiary-butyl alcohol is present at a concentration of

about 10-50% (v/v).

3. The pharmaceutical composition according to claim 2,

wherein said bendamustine or bendamustine hydrochloride is

present at a concentration ofabout 1 5 mg/ml, said marmitol is

present at a concentration of about 25.5. mg/ml, and said

tertiary-butyl alcohol is present at a concentration of about

30% (v/v).

4. A lyophilized pharmaceutical composition made from

the pharmaceutical composition according to claim 1.

5. The lyophilized pharmaceutical composition according

to claim 4, wherein said bendamustine or bendamustine

hydrochloride is present in said pharmaceutical composition

at a concentration of about 12 to 17 mg/ml, said marmitol is

present in said pharmaceutical composition at a concentration

of about 20-30 mg/ml, and said tertiary-butyl alcohol is

present in said pharmaceutical composition at a concentration

of about 10-50% (v/v).

6. The lyophilized pharmaceutical composition according

to claim 5, wherein said bendamustine or bendamustine

hydrochloride is present in said pharmaceutical composition

at a concentration ofabout 1 5 mg/ml, said marmitol is present

in said pharmaceutical composition at a concentration of

about 25.5 mg/ml, and said tertiary-butyl alcohol is present in

said pharmaceutical composition at a concentration of about

30% (v/v).

7. The lyophilized pharmaceutical composition according

to claim 4 containing not more than about 0.5% bendamustine

ethylester.

8. The lyophilized pharmaceutical composition according

to claim 5 containing not more than about 0.5% bendamustine

ethylester.

9. The lyophilized pharmaceutical composition according

to claim 6 containing not more than about 0.5% bendamustine

ethylester.
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Bendamustine Purity after 24 hours at 5#C in Various
Alcohol/Water Co-Solvents
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HP1 information after 24 hours stored at 5#C in Various
Alcohol/Water Co-Solvents
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Dimer formation after 24 hours stored at 5#C in Various
Alcohol/Water Co-Solvents
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BENDAMUSTINE PHARMACEUTICAL

COMPOSITIONS

CROSS REFERENCE TO RELATED

APPLICATIONS 5

This application is a continuation of U.S. application Ser.

No. 13/654,898, filed Oct. 18, 2012, which is a continuation

of U.S. application Ser. No. 1 1/330,868, filed Jan. 12, 2006,

which claims the benefit ofU.S. Provisional Application No. to

60/644,354, filed Jan. 14, 2005, the entireties of which are

incorporated herein for all purposes.

FIELD OF THE INVENTION

Formula I

OH •HCl

15

The present invention pertains to the field ofpharmaceuti

cal compositions for the treatment of various disease states,

especially neoplastic diseases and autoimmune diseases. Par

ticularly, it relates to pharmaceutical formulations compris

ing nitrogen mustards, particularly the nitrogen mustard ben- 20

damustine, e.g., bendamustine HCl.

BACKGROUND OF THE INVENTION

The present invention claims the benefit of and priority to

U.S. Ser. No. 60/644,354, filed Jan. 14, 2005, entitled, "Ben-

damustine Pharmaceutical Compositions," which is incorpo

rated herein by reference in its entirety, including figures and

claims.

The following description includes information that may

be useful in understanding the present invention. It is not an 30
admission that any such information is prior art, or relevant, to

the presently claimed inventions, or that any publication spe

cifically or implicitly referenced is prior art.

Because oftheir high reactivity in aqueous solutions, nitro

gen mustards are difficult to formulate as pharmaceuticals 35

and are often supplied for administration in a lyophilized

form that requires reconstitution, usually in water, by skilled

hospital personal prior to administration. Once in aqueous

solution, nitrogen mustards are subject to degradation by

hydrolysis, thus, the reconstituted product should be admin- 40

istered to a patient as soon as possible after its reconstitution.

Bendamustine, (4- { 5- [Bis(2-chloroethyl)amino] - 1 -me-
thyl-2-benzimidazolyl}butyric acid, is an atypical structure
with a benzimidazole ring, whose structure includes an active

nitrogen mustard (see Formula I, which shows bendamustine 45

hydrochloride).

50

55

Bendamustine was initially synthesized in 1 963 in the Ger

man Democratic Republic (GDR) and was available from

1971 to 1992 in that location under the name Cytostasan®. 60
Since that time, it has been marketed in Germany under the

tradename Ribomustin® . It has been widely used in Germany

to treat chronic lymphocytic leukemia, Hodgkin's disease,

non-Hodgkin's lymphoma, multiple myeloma, and breast

cancer. 65

Due to its degradation in aqueous solutions (like other

nitrogen mustards), bendamustine is supplied as a lyophilized

product. The current lyophilized formulation of bendamus
tine (Ribomustin®) contains bendamustine hydrochloride

and marmitol in a sterile lyophilized form as a white powder
for intravenous use following reconstitution. The finished
lyophilisate is unstable when exposed to light. Therefore, the

product is stored in brown or amber-colored glass bottles. The
current lyophilized formulation of bendamustine contains

degradation products that may occur during manufacturing of
the drug substance and/or during the lyophilization process to

make the finished drug product.
Currently bendamustine is formulated as a lyophilized

powder for inj ection with 1 00 mg ofdrug per 50 mL vial or 25

mg of drug per 20 mL vial. The vials are opened and recon
stituted as c ose to the time ofpatient administration as pos

sible. The product is reconstituted with 40 mL (for the 1 00 mg
presentation) or 10 mL (for the 25 mg presentation) of Sterile
Water for Injection. The reconstituted product is further

diluted into 500 mL, q.s., 0.9% Sodium Chloride for Injec
tion. The route of administration is by intravenous infusion

over 30 to 60 minutes.
Following reconstitution with 40 mL Sterile Water for

Injection, vials of bendamustine are stable for a period of 7
hours under room temperature storage or for 6 days upon
storage at 2-8° C. The 500 mL admixture solution must be

administered to the patient within 7 hours of vial reconstitu
tion (assuming room temperature storage of the admixture).

The reconstitution ofthe present bendamustine lyophilized
powder is difficult. Reports from the clinic indicate that
reconstitution can require at least fifteen minutes and may

require as long as thirty minutes. Besides being burdensome
and time-consuming for the healthcare professional respon

sible for reconstituting the product, the lengthy exposure of
bendamustine to water during the reconstitution process

increases the potential for loss of potency and impurity for
mation due to the hydrolysis of the product by water.

Thus, a need exists for lyophilized formulations of benda

mustine that are easier to reconstitute and which have a better
impurity profile than the current lyophilate (lyophilized pow

der) formulations of bendamustine.
German (GDR) Patent No. 34727 discloses a method of

preparing m-[5-bis-(P-chloroethyl)-amino-benzimidazolyl-
(2)]-alkane carboxylic acids substituted in the 1 -position.

German (GDR) Patent No. 80967 discloses an injectable

5reparation of Y-[l-methyl-5-bis-(P-chloroethyl)-amino-
5enzimaidazolyl-(2)]-butric acid hydrochloride.

German (GDR) Patent No. 159877 discloses a method for
preparing 4-[l-methyl-5-bis(2-chloroethyl)amino-benzimi-
dazolyl-2)-butyric acid.

German (GDR) Patent No. 159289 discloses an injectable
solution ofbendamustine.

Ribomustin® bendamustine Product monograph (updated
January 2002) http://www.ribosepharm.de/pdf/ribomustin_

bendamustin/productmonograph.pdf provides information
about Ribomustin® including product description.

Ni et al. report that the nitrosourea SarCNU was more

stable in pure tertiary butanol than in pure acetic acid, dim

ethyl sulfoxide, methylhydroxy, water or in TBA/water mix

tures (Ni et al. (2001) Intl. J. Phamaceutics 226:39-46).

Lyophilized cyclophoshamide is known in the art see e.g.,

U.S. Pat. Nos. 5,418,223; 5,413,995; 5,268,368; 5,227,374;

5,130,305; 4,659,699; 4,537,883; and 5,066,647.

The lyophilized nitrogen mustard Ifosfamide is disclosed

in International Publication No. WO 2003/066027; U.S. Pat.

Nos. 6,613,927; 5,750,131; 5,972,912; 5,227,373; and5,204,

335.

Teagarden et al. disclose lyophilized formulations ofpros

taglandin E-l made by dissolving PGE-1 in a solution of

lactose and tertiary butyl alcohol (U.S. Pat. No. 5,770,230).

SUMMARY OF THE INVENTION

The present invention is directed to stable pharmaceutical

compositions of nitrogen mustards, in particular lyophilized
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bendamustine and its use in treatment of various disease

states, especially neoplastic diseases and autoimmune dis

eases.

An embodiment of the invention is a pharmaceutical com

position of bendamustine containing not more than about

0.5% to about 0.9% (area percent of bendamustine) HP1, as

shown in Formula II,

Formula II 10

HO'

OH 15

at the time of release or where the HP1 is the amount of HP1 20

present at time zero after reconstitution ofa lyophilized phar

maceutical composition ofbendamustine as described herein.

In a preferred embodiment is a pharmaceutical composition

of bendamustine containing not more than about 0.5% (area

percent of bendamustine) HP1, preferably not more than 25

about 0.45%, more preferably not more than about 0.40%,

more preferably not more than about 0.35%, even more pref

erably not more than 0.30%.

Another embodiment of the invention is a lyophilized

preparation ofbendamustine containing not more than about 30

0.1% to about 0.3% bendamustine dimer as shown in Formula

III at release or at time zero after reconstitution

bendamustine ethylester (Formula IV) is no more than 0.2%,

preferably 0.1 %, greater than the concentration ofbendamus

tine ethylester as found in the drug substance used to make the

lyophilized preparation.

In another embodiment of the invention is a lyophilized

preparation ofbendamustine containing not more than about

0.5% to about 0.9% (area percent of bendamustine) F1P1 at

the time ofdrug product release. In a preferred embodiment is

a lyophilized preparation of bendamustine containing not

more than about 0.50% (area percent of bendamustine) F1P1 ,

preferably not more than about 0.45%, more preferably not

more than about 0.40%, more preferably not more than about

0.35%, even more preferably not more than 0.30%. An aspect

of this embodiment is lyophilized preparations ofbendamus

tine containing not more than about 0.5% to about 0.9%,

preferably 0.5%, (area percent of bendamustine) F1P1 at the

time of release of drug product where the lyophilized prepa

ration is packaged in a vial or other pharmaceutically accept

able container.

In yet another aspect of the invention, the lyophilized

preparations of bendamustine are stable with respect to the

amount of F1P1 for at least about 6 months, preferably 12

months, preferably 24 months, to about 36 months or greater

when stored at about 2° to about 30°. Preferred temperatures

for storage are about 5° C. and about room temperature.

Another embodiment of the invention is a pharmaceutical

dosage form that includes a pharmaceutical composition of

bendamustine containing not more than about 0.5% to about

0.9% F1P1 , preferably not more than about 0.50%, preferably

not more than about 0.45%, more preferably not more than

about 0.40%, more preferably not more than about 0.35%,

even more preferably not more than 0.30%, where the F1P1 is

HO'

Formula III

OH.

45

Yet another embodiment of the invention is a lyophilized

preparation ofbendamustine containing not more than about

0.5%, preferably 0.15% to about 0.5%, bendamustine ethyl

ester, as shown in Formula IV at release or at time zero after

reconstitution

5 r
J

COOCH2CH3.

50

Formula IV

55

60

65

Yet another embodiment of the invention is a lyophilized

preparation of bendamustine wherein the concentration of

the amount of F1P1 present at release or at time zero after

reconstitution of a lyophilized preparation of bendamustine

ofthe present invention. In preferred aspects of the invention,

the dosage form can be about 5 to about 500 mg of benda

mustine, about 1 0 to about 300 mg ofbendamustine, about 25

mg of bendamustine, about 100 mg of bendamustine, and

about 200 mg of bendamustine.

Yet another embodiment of the invention is a pharmaceu

tical dosage form that includes a lyophilized preparation of

bendamustine containing not more than about 0.5% to about

0.9%, preferably 0.5%, HP1. Preferred dosage forms can be

about 5 to about 500 mg ofbendamustine, about 10 to about

300 mg of bendamustine, about 25 mg of bendamustine,

about 100 mg of bendamustine, and about 200 mg ofbenda

mustine.

In still another embodiment, the invention includes a phar

maceutical composition of bendamustine including benda

mustine containing not more than about 0.5% to about 0.9%

(area percent of bendamustine), preferably not more than

about 0.50%, preferably not more than about 0.45%, more

preferably not more than about 0.40%, more preferably not
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more than about 0.35%, even more preferably not more than

0.30%, and a trace amount of one or more organic solvents,

wherein said HP1 is the amount of HP1 present at release or

time zero after reconstitution ofa lyophilized pharmaceutical

composition ofbendamustine as disclosed herein. In different 5

aspects of this embodiment, the organic solvent is selected

from one or more of tertiary butanol, n-propanol, n-butanol,

isopropanol, ethanol, methanol, acetone, ethyl acetate, dim

ethyl carbonate, acetonitrile, dichloromethane, methyl ethyl

ketone, methyl isobutyl ketone, 1-pentanol, methyl acetate, 10

carbon tetrachloride, dimethyl sulfoxide, hexafluoroacetone,

chlorobutanol, dimethyl sulfone, acetic acid, and cyclohex-

ane. Preferred organic solvents include one or more of etha

nol, methanol, propanol, butanol, isopropanol, and tertiary

butanol . A more preferred organic solvent is tertiary butanol, 1 5

also known as TBA, t-butanol, tert-butyl alcohol or tertiary

butyl alcohol.

The present invention involves a method for obtaining

agency approval for a bendamustine product, the improve

ment which includes setting a release specification for ben- 20

damustine degradants at less than about 4.0%, preferably

about 2.0% to about 4.0%, (area percent bendamustine) or

otherwise to achieve the pharmaceutical compositions

described herein. An aspect of this embodiment is a method

for obtaining agency approval for a bendamustine product 25

which includes setting a release specification for HP1 to be

less than or equal to 1 .5% (area percent Bendamustine). The

bendamustine product herein contains not more than about

0.5% (area percent of bendamustine) HP1 at release.

Another embodiment is a method for obtaining agency 30

approval for a bendamustine product, the improvement which

includes setting a shelf-life specification for bendamustine

degradants at less than about 7.0%, preferably about 5.0% to

about 7 .0%, (area percent bendamustine) where the product is

stored at about 2° C. to about 30° C. Preferred temperatures 35

for storage are about 5° C. and about room temperature. The

bendamustine product herein contains not more than about

0.5% (area percent of bendamustine) HP1 at release.

Another embodiment of the invention is a process for

manufacturing a lyophilized preparation of bendamustine 40

which includes controlling for the concentration of benda

mustine degradants in the final product, such that the concen

tration of bendamustine degradants is less than about 4.0%,

preferably no more than about 2.0% to about 4.0%, (area

percent of bendamustine) at release or otherwise to achieve 45

the pharmaceutical compositions described herein. The ben

damustine product herein contains not more than about 0.5%

to about 0.9%, preferably about 0.5%, (area percent of ben

damustine) HP1 at release.

The present invention discloses a process for manufactur- 50

ing a lyophilized preparation of bendamustine which com

prises controlling for the concentration of bendamustine

degradants in the final product, such that, at release, the con

centration of HP1 is less than 0.9%, preferably 0.5%, (area

percent of bendamustine) and, at the time ofproduct expira- 55

tion, the concentration of bendamustine degradants is less

than about 7 .0%, preferably no more than about 5.0% to about

7.0%; wherein said product is stored at about 2° C. to about

30° C.

Another embodiment of the invention is a bendamustine 60

pre-lyophilization solution or dispersion comprising one or

more organic solvents where the solution or dispersions

include at least one stabilizing concentration of an organic

solvent which reduces the level of degradation ofbendamus

tine so that the amount ofHP1 produced during lyophilization 65

from about 0 to 24 hours does not exceed about 0.5% to about

0.9% (area percent ofbendamustine) preferably 0.50%, pref

erably 0.45%, more preferably 0.40%, more preferably

0.35%, even more preferably 0.30%. An aspect of this

embodiment is the lyophilized powder produced from the

pre-lyophilization solution or dispersion.

Still another embodiment of the invention is a bendamus

tine pre-lyophilization solution or dispersion comprising one

or more organic solvents where the solution or dispersions

include at least one stabilizing concentration of an organic

solvent which reduces the level of degradation of bendamus

tine so that the amount of bendamustine ethylester produced

during lyophilization from about 0 to 24 hours does not

exceed about 0.5% (area percent bendamustine). An aspect of

this embodiment is the lyophilized powder produced from the

pre-lyophilization solution or dispersion.

Still another embodiment of the invention is a bendamus

tine pre-lyophilization solution or dispersion comprising one

or more organic solvents where the solution or dispersions

include at least one stabilizing concentration of an organic

solvent which reduces the level of degradation of bendamus

tine so that the amount ofbendamustine ethylester (as shown

in Formula IV) produced during lyophilization from about 0

to 24 hours is no more than 0.2%, preferably 0.1%, greater

than the concentration ofbendamustine ethylester as found in

the drug substance used to make the pre-lyophilization solu

tion. A preferred organic solvent is tertiary butanol.

The invention also discloses methods for preparing a ben

damustine lyophilized preparation that includes dissolving

bendamustine in a stabilizing concentration of an alcohol

solvent of between about 5% to about 100% (v/v alcohol to

form a pre-lyophilization solution; and lyophilizing the pre-

lyophilization solution; wherein the bendamustine lyo

philized preparation made from such methods contains not

more than about 0.5% to about 0.9%, preferably 0.5%, (area

percent of bendamustine) F1P1 as shown in Formula II,

wherein said F1P1 is the amount of F1P1 present at release or

at time zero after reconstitution of the lyophilized pharma

ceutical composition ofbendamustine. Other alcohol concen

trations include about 5% to about 99.9%, about 5% to about

70%, about 5% to about 60%, about 5% to about 50%, about

5% to about 40%, about 20% to about 35%. Preferred con

centrations of alcohol are from about 20% to about 30%.

Preferred alcohols include one or more ofmethanol, ethanol,

propanol, iso-propanol, butanol, and tertiary-butanol. Amore

preferred alcohol is tertiary-butanol. A preferred concentra

tion oftertiary-butanol is about 20% to about 30%, preferably

about 30%. An aspect ofthis embodiment is the addition ofan

excipient before lyophilization. A preferred excipient is man-

nitol. Preferred pre-lyophilized concentrations ofbendamus

tine are from about 2 mg/mL to about 50 mg/mL.

In a preferred method for preparing a bendamustine lyo

philized preparation, lyophilizing the pre-lyophilization solu

tion comprises i) freezing the pre-lyophilization solution to a

temperature below about -40° C., preferably -50° C., to form

a frozen solution; ii) holding the frozen solution at or below

-40° C., preferably -50° C., for at least 2 hours; hi) ramping

the frozen solution to a primary drying temperature between

about -40° C. and about -10° C. to form a dried solution; iv)

holding for about 10 to about 70 hours; v) ramping the dried

solution to a secondary drying temperature between about

25° C. and about 40° C. ; and vii) holding for about 5 to about

40 hours to form a bendamustine lyophilized preparation. In

a more preferred method lyophilizing the pre-lyophilization

solution comprises i) freezing the pre-lyophilization solution

to about -50° C. to form a frozen solution; ii) holding the

frozen solution at about -50° C. for at least 2 hours to about

4 hours ; hi) ramping to a primary drying temperature between

about -20° C. and about -12° C. to form a dried solution; iv)
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holding at a primary drying temperature for about 1 0 to about

48 hours; v) ramping the dried solution to a secondary drying

temperature between about 25° C. and about 40° C.; and vi)

holding at a secondary drying temperature for at least 5 hours

up to about 20 hours. A preferred alcohol is tertiary-butanol. 5

A preferred concentration of tertiary-butanol is about 20% to

about 30%, preferably about 30%. An aspect of this embodi

ment is the addition of an excipient before lyophilization. A

preferred excipient is mannitol. Preferred pre-lyophilized

concentrations of bendamustine are from about 2 mg/mL to 10

about 50 mg/mL.

Another embodiment of the invention is the lyophilized

powder or preparation obtained from the methods of prepar

ing a bendamustine lyophilized preparation disclosed herein.

The invention also involves bendamustine formulations for 1 5

lyophilization that include an excipient and a stabilizing con

centration of an organic solvent. A preferred formulation

includes bendamustine at a concentration ofabout 1 5 mg/mL,

mannitol at a concentration of about 25.5 mg/mL, tertiary-

butyl alcohol at a concentration ofabout 30% (v/v) and water. 20

Included in this embodiment of the invention are the lyo

philized preparations made from such bendamustine formu

lations.

Included in the inventions are methods of treating a medi

cal condition in a patient that involve administering a thera- 25

peutically effective amount of a pharmaceutical composition

ofthe invention where the condition is amenable to treatment

with said pharmaceutical composition. Some conditions

amenable to treatment with the compositions ofthe invention

include chronic lymphocytic leukemia (CLL), Hodgkin's 30

disease, non-Hodgkin's lymphoma (NHL), multiple

myeloma (MM), breast cancer, small cell lung cancer, hyper-

proliferative disorders, and an autoimmune disease. Preferred

conditions include NHL, CLL, breast cancer, and MM. Pre

ferred autoimmune diseases include rheumatoid arthritis, 35

multiple sclerosis or lupus.

Included in the inventions are the use ofthe pharmaceutical

compositions or pharmaceutical preparations ofthe invention

in the manufacture of a medicament for the treatment of a

medical condition, as defined herein, in a patient that involve 40

administering a therapeutically effective amount of a phar

maceutical composition of the invention where the condition

is amenable to treatment with said pharmaceutical composi

tion.

Also included in the invention are methods of treating in 45

which the pharmaceutical compositions of the invention are

in combination with one or more anti -neoplastic agents where

the antineoplastic agent is given prior, concurrently, or sub

sequent to the administration of the pharmaceutical compo

sition of the invention. Preferred antineoplastic agents are 50

antibodies specific for CD20.

Another embodiment of the invention is a lyophilization

cycle for producing lyophilized bendamustine preparations

of the invention. A preferred lyophilization cycle includes a)

freezing to about -50° C. over about 8 hours; b) holding at 55

-50° C. for about 4 hours; c) ramping to -25° C. over about 3

hours; d) holding at -10° C. for 30 hours; e) ramping to

between about 25° C. and about 40° C. or higher for about 3

hours; f) holding between about 25° C. and about 40° C. for

about 25 hours; g) ramping to about 20° C. in 1 hour; h) 60

unloading at about 20° C., at a pressure of 13.5 psi in a

pharmaceutically acceptable container that is hermetically

sealed; wherein the pressure is about 150 microns throughout

primary drying and 50 microns throughout secondary drying.

An aspect of this cycle involves step (e) which is ramped to 65

about 30-35° C. for 3 hours and then ramped to 40° C. for 5

hours. Another aspect of this embodiment is the lyophilized

powered prepared from such lyophilization cycles. A more

preferred lyophilization cycle includes i) starting with a shelf

temperature of about 5° C. for loading; ii) freezing to about

-50° C. over about 8 hours; iii) holding at -50° C. for about

4 hours; iv) ramping to about -20° C. over about 3 hours; v)

holding at about -20° C. for 6 hours; ramping to about -15°

C. over about 1 hour; vi) holding at -15° C. for about 20

hours; vii) ramping to about -15° C. over about 1 hour; viii)

holding at about -15° C. for about 20 hours; ix) ramping to

about -12° C. over about 0.5 hours; x) holding at about -12°

C. for about 15.5 hours; xi) ramping to between about 25° C.

and about 40° C. or higher for about 15 hours; xii) holding

between about 25° C. and about 40° C. for about 10 hours;

xiii) ramping to about 40° C. over about 1 hour; and xiv)

holding at about 40° C. for about 5 hours; unloading at about

5° C., at a pressure of about 13.5 psi in a pharmaceutically

acceptable container that is hermetically sealed; wherein the

pressure is about 150 microns throughout primary drying and

50 microns throughout secondary drying. In a preferred

embodiment step (xi) is ramped to about 30-35° C. for about

15 hours.

The invention also encompasses a pharmaceutical dosage

form of bendamustine containing not more than about 0.5%

to about 0.9%, preferably 0.5%, HP1 (area percent ofbenda

mustine) wherein said dosage form comprises a vial or other

pharmaceutically acceptable container, wherein said HP1 is

the amount of HP1 present pre-reconstitution or at time zero

after reconstitution of said dosage form. Preferred concentra

tions ofbendamustine include about 10 to about 500 mg/con-

tainer, about 100 mg/container, about 5 mg to about 2 g/con-

tainer and about 170 mg/container.

The present invention also includes pre-lyophilized phar

maceutical compositions of bendamustine. A preferred pre-

lyophilized composition includes bendamustine HC1 about

15 mg/mL, mannitol about 25.5 mg/mL, about 30% (v/v)

tertiary-butyl alcohol, and water.

These and other embodiments of the invention are

described hereinbelow or are evident to persons of ordinary

skill in the art based on the following disclosures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the solubility of bendamustine at various

temperatures for two different solutions of bendamustine in

tertiary butanol.

FIG. 2 shows the purity results of an HPLC analysis after

incubating bendamustine in various alcohols for 24 hours at

5° C. Results are presented as the area percent of the benda

mustine peak.

FIG. 3 shows HP1 (Formula II) formation after 24 hours in

various alcohol/water co-solvents at 5° C.

FIG. 4 shows dimer (Formula III) formation after 24 hours

in various alcohol/water co-solvents at 5° C.

FIG. 5-shows a lyophilization cycle for bendamustine

using a TBA/water co-solvent.

FIG. 6 shows a chromatogram for Ribomustin® using

HPLC method No. 1.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the terms "formulate" refers to the prepa

ration of a drug, e.g., bendamustine, in a form suitable for

administration to a mammalian patient, preferably a human.

Thus, "formulation" can include the addition of pharmaceu

tically acceptable excipients, diluents, or carriers.

As used herein, the term "lyophilized powder" or "lyo

philized preparation" refers to any solid material obtained by
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lyophilization, i.e., freeze-drying ofan aqueous solution. The

aqueous solution may contain a non-aqueous solvent, i.e. a

solution composed of aqueous and one or more non-aqueous

solvent(s). Preferably, a lyophilized preparation is one in

which the solid material is obtained by freeze-drying a solu- 5

tion composed of aqueous and one or more non-aqueous

solvents, more preferably the non-aqueous solvent is an alco

hol.

By "stable pharmaceutical composition" is meant any

pharmaceutical composition having sufficient stability to 10

have utility as a pharmaceutical product. Preferably, a stable

pharmaceutical composition has sufficient stability to allow

storage at a convenient temperature, preferably between -20°

C. and 40° C., more preferably about 2° C. to about 30° C., for

a reasonable period of time, e.g., the shelf-life of the product 15

which can be as short as one month but is typically six months

or longer, more preferably one year or longer even more

preferably twenty-four months or longer, and even more pref

erably thirty-six months or longer. The shelf-life or expiration

can be that amount of time where the active ingredient 20

degrades to a point below 90% purity. For purposes of the

present invention stable pharmaceutical composition

includes reference to pharmaceutical compositions with spe

cific ranges of impurities as described herein. Preferably, a

stable pharmaceutical composition is one which has minimal 25

degradation of the active ingredient, e.g., it retains at least

about 85% of un-degraded active, preferably at least about

90%, and more preferably at least about 95%, after storage at

2-30° C. for a 2-3 year period of time.

By "stable lyophilized preparation" is meant any lyo- 30

philized preparation having sufficient stability, such charac

teristics as similarly defined herein for a stable pharmaceuti

cal composition, to have utility as a pharmaceutical product

By "degraded" is meant that the active has undergone a

change in chemical structure. 35

The term "therapeutically effective amount" as used herein

refers to that amount of the compound being administered

that will relieve to some extent one or more of the symptoms

of the disorder being treated. In reference to the treatment of

neoplasms, a therapeutically effective amount refers to that 40

amount which has the effect of (1) reducing the size of the

tumor, (2) inhibiting (that is, slowing to some extent, prefer

ably stopping) tumor metastasis, (3) inhibiting to some extent

(that is, slowing to some extent, preferably stopping) tumor

growth, and/or, (4) relieving to some extent (or, preferably, 45

eliminating) one or more symptoms associated with the can

cer. Therapeutically effective amount can also mean prevent

ing the disease from occurring in an animal that may be

predisposed to the disease but does not yet experience or

exhibit symptoms of the disease (prophylactic treatment). 50

Further, therapeutically effective amount can be that amount

that increases the life expectancy of a patient afflicted with a

terminal disorder. Typical therapeutically effective doses for

bendamustine for the treatment ofnon-Flodgkin' s lymphoma

can be from about 60-120 mg/m2 given as a single dose on two 55
consecutive days . The cycle can be repeated about every three

to four weeks. For the treatment of chronic lymphocytic leu

kemia (CLL) bendamustine can be given at about 80-100

mg/m2 on days 1 and 2. The cycle can be repeated after about
4 weeks. For the treatment of Flodgkin's disease (stages II- 60

IV), bendamustine can be given in the "DBVBe regimen"

with daunorubicin 25 mg/m2 on days 1 and 15, bleomycin 10
mg/m2 on days 1 and 15, vincristine 1 .4 mg/m2 on days 1 and
15, and bendamustine 50 mg/m2 on days 1-5 with repetition
of the cycle about every 4 weeks. For breast cancer, benda- 65

mustine (120 mg/m2) on days 1 and 8 can be given in com
bination with methotrexate 40 mg/m2 on days 1 and 8, and

5-fluorouracil 600 mg/m2 on days 1 and 8 with repetition of
the cycle about every 4 weeks. As a second-line oftherapy for

breast cancer, bendamustine can be given at about 100-150

mg/m2 on days 1 and 2 with repetition ofthe cycle about every
4 weeks.

As used herein "neoplastic" refers to a neoplasm, which is

an abnormal growth, such growth occurring because of a

proliferation of cells not subject to the usual limitations of

growth. As used herein, "anti-neoplastic agent" is any com

pound, composition, admixture, co-mixture, or blend which

inhibits, eliminates, retards, or reverses the neoplastic pheno-

type of a cell.

As used herein "hyperproliferation" is the overproduction

of cells in response to a particular growth factor. "Flyperpro-

liferative disorders" are diseases in which the cells overpro

duce in response to a particular growth factor. Examples of

such "hyperproliferative disorders" include diabetic retin

opathy, psoriasis, endometriosis, cancer, macular degenera

tive disorders and benign growth disorders such as prostate

enlargement.

As used herein, the term "vial" refers to any walled con

tainer, whether rigid or flexible.

"Controlling" as used herein means putting process con

trols in place to facilitate achievement of the thing being

controlled. For example, in a given case, "controlling" can

mean testing samples ofeach lot or a number of lots regularly

or randomly; setting the concentration of degradants as a

release specification; selecting process conditions, e.g., use of

alcohols and/or other organic solvents in the pre-lyophiliza-

tion solution or dispersion, so as to assure that the concentra

tion ofdegradants ofthe active ingredient is not unacceptably

high; etc. Controlling for degradants by setting release speci

fications for the amount ofdegradants can be used to facilitate

regulatory approval of a pharmaceutical product by a regula

tory agency, such as the U.S. Food and Drug Administration

and similar agencies in other countries or regions ("agency") .

The term "pharmaceutically acceptable" as used herein

means that the thing that is pharmaceutically acceptable, e.g.,

components, including containers, of a pharmaceutical com

position, does not cause unacceptable loss of pharmacologi

cal activity or unacceptable adverse side effects. Examples of

pharmaceutically acceptable components are provided in The

United States Pharmacopeia (USP), The National Formulary

(NF), adopted at the United States Pharmacopeial Conven

tion, held in Rockville, Md. in 1 990 and FDA Inactive Ingre

dient Guide 1990, 1996 issued by the U.S. Food and Drug

Administration (both are hereby incorporated by reference

herein, including any drawings). Other grades of solutions or

components that meet necessary limits and/or specifications

that are outside of the USP/NF may also be used.

The term "pharmaceutical composition" as used herein

shall mean a composition that is made under conditions such

that it is suitable for administration to humans, e.g., it is made

under GMP conditions and contains pharmaceutically

acceptable excipients, e.g., without limitation, stabilizers,

bulking agents, buffers, carriers, diluents, vehicles, solubiliz-

ers, and binders. As used herein pharmaceutical composition

includes but is not limited to a pre-lyophilization solution or

dispersion as well as a liquid form ready for injection or

infusion after reconstitution of a lyophilized preparation.

A "pharmaceutical dosage form" as used herein means the

pharmaceutical compositions disclosed herein being in a con

tainer and in an amount suitable for reconstitution and admin

istration of one or more doses, typically about 1-2, 1-3, 1-4,

1-5, 1-6, 1-10, or about 1-20 doses. Preferably, a "pharma

ceutical dosage form" as used herein means a lyophilized

pharmaceutical composition disclosed herein in a container
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and in an amount suitable for reconstitution and delivery of

one or more doses, typically about 1-2, 1-3, 1-4, 1-5, 1-6,

1-10, or about 1-20 doses. The pharmaceutical dosage form

can comprise a vial or syringe or other suitable pharmaceu-

tically acceptable container. The pharmaceutical dosage form 5

suitable for injection or infusion use can include sterile aque

ous solutions or dispersions or sterile powders comprising an

active ingredient which are adapted for the extemporaneous

preparation of sterile injectable or infusible solutions or dis

persions. In all cases, the ultimate dosage form should be 10

sterile, fluid and stable under the conditions of manufacture

and storage. The liquid carrier or vehicle can be a solvent or

liquid dispersion medium comprising, for example, water,

ethanol, a polyol such as glycerol, propylene glycol, or liquid

polyethylene glycols and the like, vegetable oils, nontoxic 15

glyceryl esters, and suitable mixtures thereof. The prevention

of the growth of microorganisms can be accomplished by

various antibacterial and antifungal agents, for example,

parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and

the like. 20

As used herein, the term "excipienf' means the substances

used to formulate active pharmaceutical ingredients (API)

into pharmaceutical formulations; in a preferred embodi

ment, an excipient does not lower or interfere with the pri

mary therapeutic effect ofthe API. Preferably, an excipient is 25

therapeutically inert. The term "excipient" encompasses car

riers, diluents, vehicles, solubilizers, stabilizers, bulking

agents, and binders. Excipients can also be those substances

present in a pharmaceutical formulation as an indirect or

unintended result of the manufacturing process. Preferably, 30

excipients are approved for or considered to be safe for human

and animal administration, i.e., GRAS substances (generally

regarded as safe). GRAS substances are listed by the Food

and Drug administration in the Code of Federal Regulations

(CFR) at 2 1 CFR § 1 82 and 2 1 CFR § 1 84, incorporated herein 35

by reference. Preferred excipients include, but are not limited

to, hexitols, including marmitol and the like.

As used herein "a stabilizing concentration of an oiganic

solvent" or "a stabilizing concentration of an alcohol" means

that amount of an organic solvent or alcohol that reduces the 40

level of degradation of bendamustine to achieve a specified

level of degradants in the final drug product. For example,

with respect to the degradant F1P 1 , a stabilizing concentration

of an organic solvent is that amount which results in an F1P1

concentration (area percent of bendamustine) of less than 45

about 0.5%, preferably less than 0.45%, preferably less than

0.40%, more preferably less than 0.35%, more preferably less

than 0.30%, and even more preferably less than 0.25%. With

respect to the overall or total degradant concentration of the

final drug product, a stabilizing concentration of an oiganic 50

solvent is that amount that results in a total degradant con

centration (at the time of drug product release) of less than

about 7% (area percent bendamustine), preferably less than

about 6%, more preferably less than about 5%, and even more

preferably less than about 4.0%. By "area percent of benda- 55

mustine" is meant the amount of a specified degradant, e.g.,

F1P1, relative to the amount of bendamustine as determined,

e.g., by HPLC.

The term "organic solvent" means an organic material,

usually a liquid, capable of dissolving other substances. 60

As used herein, "trace amount of an organic solvent"

means an amount of solvent that is equal to or below recom

mended levels for pharmaceutical products, for example, as

recommended by ICF1 guidelines (International Conferences

on Flarmonization, Impurities—Guidelines for Residual Sol- 65

vents. Q3C. Federal Register. 1997; 62(247):67377). The

lower limit is the lowest amount that can be detected.

The term "release" or "at release" means the drug product

has met the release specifications and can be used for its

intended pharmaceutical purpose.

A. General

The invention provides stable, pharmaceutically accept

able compositions prepared from bendamustine. In particu

lar, the invention provides formulations for the lyophilization

ofbendamustine F1C1. The lyophilized powder obtained from

such formulations is more easily reconstituted than the pres

ently available lyophilized powder ofbendamustine. Further,

the lyophilized products ofthe present invention have a better

impurity profile than Ribomustin® with respect to certain

impurities, in particular F1P1, bendamustine dimer, and ben

damustine ethylester, prior to reconstitution, upon storage of

the lyophilate, or following reconstitution and admixture.

The present invention further provides formulations of

bendamustine useful for treating neoplastic diseases. The

formulations described herein can be administered alone or in

combination with at least one additional anti -neoplastic agent

and/or radioactive therapy.

An aspect of the invention is conditions and means for

enhancing the stability of bendamustine prior to and during

the lyophilization process, upon shelf storage or upon recon

stitution.

Anti-neoplastic agents which may be utilized in combina

tion with the formulations of the invention include those

provided in the Merck Index 1 1 , pp 16-17, Merck & Co . , Inc .

(1989) and The Chemotherapy Source Book (1997). Both

books are widely recognized and readily available to the

skilled artisan.

There are laige numbers ofantineoplastic agents available

in commercial use, in clinical evaluation and in pre-clinical

development, which could be selected for treatment of neo

plasia by combination drug chemotherapy. Such antineoplas

tic agents fall into several major categories, namely, antibi

otic-type agents, covalent DNA-binding drugs,

antimetabolite agents, hormonal agents, including glucocor

ticoids such as prednisone and dexamethasone, immunologi

cal agents, interferon-type agents, differentiating agents such

as the retinoids, pro-apoptotic agents, and a category ofmis

cellaneous agents, including compounds such as antisense,

small interfering RNA, and the like. Alternatively, other anti

neoplastic agents, such as metallomatrix proteases (MMP)

inhibitors, SOD mimics or alphav beta3 inhibitors may be

used.

One family of antineoplastic agents which may be used in

combination with the compounds ofthe inventions consists of

antimetabolite-type antineoplastic agents. Suitable antime

tabolite antineoplastic agents may be selected from the group

consisting of alanosine, AG2037 (Pfizer), 5-FU-fibrinogen,

acanthifolic acid, aminothiadiazole, brequinar sodium, car-

mofiir, Ciba-Geigy CGP-30694, cyclopentyl cytosine, cyt-

arabine phosphate stearate, cytarabine conjugates, Lilly

DATF1F, Merrel Dow DDFC, dezaguanine, dideoxycytidine,

dideoxyguanosine, didox, Yoshitomi DMDC, doxifluridine,

Wellcome EF1NA, Merck & Co. EX-015, fazarabine, floxu-

ridine, fludarabine phosphate, 5-fluorouracil, N-(2'-fu-

ranidyl)-5-fluorouracil, Daiichi Seiyaku FO-152, isopropyl

pyrrolizine, Lilly LY-188011, Lilly LY-264618, methoben-

zaprim, methotrexate, Wellcome MZPES, norspermidine,

NCI NSC-127716, NCI NSC-264880, NCI NSC-39661, NCI

NSC-612567, Warner-Lambert PALA, pentostatin, piritr-

exim, plicamycin, Asahi Chemical PL-AC, Takeda TAC-788,

thioguanine, tiazofurin, Erbamont TIF, trimetrexate, tyrosine

kinase inhibitors, tyrosine protein kinase inhibitors, Taiho

UFT and uricytin.
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A second family of antineoplastic agents which may be

used in combination with the compounds of the invention

consists of covalent DNA-binding agents. Suitable alkylat-

ing-type antineoplastic agents may be selected from the

group consisting of Shionogi 254-S, aldo-phosphamide ana- 5

logues, altretamine, anaxirone, Boehringer Mannheim BBR-

2207, bestrabucil, budotitane, Wakunaga CA-102, carbopl-

atin, carmustine, Chinoin-139, Chinoin-153, chlorambucil,

cisplatin, cyclophosphamide, American Cyanamid

CL-286558, Sanofi CY-233, cyplatate, Degussa D-19-384, 10

Sumimoto DACHP(Myr)2, diphenylspiromustine, diplati-

num cytostatic, Erba distamycin derivatives, Chugai DWA-

21 14R, III E09, elmustine, Erbamont FCE-24517, estramus-

tine phosphate sodium, fotemustine, Unimed G-6-M,

Chinoin GYKI-17230, hepsul-fam, ifosfamide, iproplatin, 15

lomustine, mafosfamide, melphalan, mitolactol, Nippon

Kayaku NK-121, NCI NSC-264395, NCI NSC-342215,

oxaliplatin, Upjohn PCNU, prednimustine, Proter PTT-1 19,

ranimustine, semustine, SmithKline SK&F-101772, Yakult

Flonsha SN-22, spiromustine, Tanabe Seiyaku TA-077, tau- 20

romustine, temozolomide, teroxirone, tetraplatin and tri-

melamol.

Another family ofantineoplastic agents which may be used

in combination with the compounds disclosed herein consists

of antibiotic -type antineoplastic agents. Suitable antibiotic- 25

type antineoplastic agents may be selected from the group

consisting ofTaiho 41 81 -A, aclarubicin, actinomycin D, acti-

noplanone, alanosine, Erbamont ADR-456, aeroplysinin

derivative, Ajinomoto AN-201-II, Ajinomoto AN-3, Nippon

Soda anisomycins, anthracycline, azino-mycin-A, bisu- 30

caberin, Bristol-Myers BL-6859, Bristol-Myers BMY-

25067, Bristol-Myers BMY-25551, Bristol-Myers BMY-

26605, Bristol-Myers BMY-27557, Bristol-Myers BMY-

28438, bleomycin sulfate, bryostatin-1, Taiho C-1027,

calichemycin, chromoximycin, dactinomycin, daunorubicin, 35

Kyowa Flakko DC-102, Kyowa Flakko DC-79, Kyowa Flakko

DC-88A, Kyowa Hakko DC89-A1, Kyowa Hakko DC92-B,

ditrisarubicin B, Shionogi DOB-41, doxorubicin, doxorubi

cin-fibrinogen, elsamicin-A, epirubicin, erbstatin, esorubi-

cin, esperamicin-Al, esperamicin-Alb, Erbamont FCE- 40

21954, Fujisawa FK-973, fostriecin, Fujisawa FR-900482,

glidobactin, gregatin-A, grincamycin, herbimycin, idarubi-

cin, illudins, kazusamycin, kesarirhodins, Kyowa Flakko

KM-5539, Kirin Brewery KRN-8602, Kyowa Hakko

KT-5432, Kyowa Hakko KT-5594, Kyowa Hakko KT-6149, 45

American Cyanamid LL-D49194, Meiji Seika ME 2303,

menogaril, mitomycin, mitoxantrone, SmithKline M-TAG,

neoenactin, Nippon Kayaku NK-313, Nippon Kayaku NKT-

01, SRI International NSC-357704, oxalysine, oxaunomycin,

peplomycin, pilatin, pirarubicin, porothramycin, pyrindamy- 50

cin A, Tobishi RA-I, rapamycin, rhizoxin, rodorubicin, siba-

nomicin, siwenmycin, Sumitomo SM-5887, Snow Brand

SN-706, Snow Brand SN-07, sorangicin-A, sparsomycin, SS

Pharmaceutical SS-21020, SS Pharmaceutical SS-7313B, SS

Pharmaceutical SS-9816B, steffimycin B, Taiho 4181-2, tali- 55

somycin, Takeda TAN-868A, terpentecin, thrazine, tric-

rozarin A, Upjohn U-73975, Kyowa Hakko UCN-10028A,

Fujisawa WF-3405, Yoshitomi Y-25024 and zorubicin.

A fourth family ofantineoplastic agents which may be used

in combination with the compounds of the invention include 60

a miscellaneous family ofantineoplastic agents selected from

the group consisting of alpha-carotene, alpha-difluorom-

ethyl-arginine, acitretin, arsenic trioxide, Avastin® (bevaci-

zumab), Biotec AD-5, KyorinAHC-52, alstonine, amonafide,

amphethinile, amsacrine, Angiostat, ankinomycin, anti-neo- 65

plaston A10, antineoplaston A2, antineoplaston A3, antine-

oplastonAS, antineoplastonAS2-l, Henkel APD, aphidicolin

glycinate, asparaginase, Avarol, baccharin, batracylin, ben-

fluoron, benzotript, Ipsen-Beaufour BIM-23015, bisantrene,

Bristo-Myers BMY-40481, Vestar boron- 10, bromofosfa-

mide, Wellcome BW-502, Wellcome BW-773, caracemide,

carmethizole hydrochloride, Ajinomoto CDAF, chlorsul-

faquinoxalone, Chemes CHX-2053, Chemex CHX-100,

Warner-Lambert CI-921, Warner-Lambert CI-937, Warner-

Lambert CI-941, Warner-Lambert CI-958, clanfenur, claviri-

denone, ICN compound 1259, ICN compound 4711, Contra-

can, Yakult Honsha CPT-11, crisnatol, curaderm,

cytochalasin B, cytarabine, cytocytin, Merz D-609, DABIS

maleate, dacarbazine, datelliptinium, didemnin-B, dihae-

matoporphyrin ether, dihydrolenperone, dinaline, distamy

cin, Toyo Pharmar DM-341, Toyo Pharmar DM-75, Daiichi

Seiyaku DN-9693, elliprabin, elliptinium acetate,

epothionesTsumura EPMTC, erbitux, ergotamine, erlotnib,

etoposide, etretinate, femetinide, Fujisawa FR-57704, gal

lium nitrate, genkwadaphnin, Gleevec® (imatnib), Chugai

GLA-43, Glaxo GR-63178, gefitinib, grifolan NMF-5N,

hexadecylphosphocholine, Green Cross HO-221, homohar-

ringtonine, hydroxyurea, BTG ICRF-187, indanocine, ilmo-

fosine, isoglutamine, isotretinoin, Otsuka JI-36, Ramot

K-477, Otsuak K-76COONa, Kureha Chemical K-AM,

MECT Corp KI-8110, American Cyanamid L-623, leuko-

regulin, lonidamine, LundbeckLU-23-1 12, Lilly LY- 186641,

NCI (US) MAP, marycin, mefloquine, Merrel Dow MDL-

27048, Medco MEDR-340, merbarone, merocyanine deriva

tives, methylanilinoacridine, Molecular Genetics MGI-136,

minactivin, mitonafide, mitoquidone, mopidamol, motretin-

ide, Zenyaku Kogyo MST-16, N-(retinoyl)amino acids, Nis-

shin Flour Milling N-021, N-acylated-dehydroalanines,

nafazatrom, Taisho NCU-190, nocodazole derivative, Nor-

mosang, NCI NSC-145813, NCI NSC-361456, NCI NSC-

604782, NCI NSC-95580, octreotide, Ono ONO-112, oqui-

zanocine, Akzo Oig-10172, paclitaxel, pancratistatin,

pazelliptine, Warner-Lambert PD-1 11707, Warner-Lambert

PD-1 15934, Warner-Lambert PD-131141, Pierre Fabre

PL- 1001, ICRT peptide D, piroxantrone, polyhaematopor-

phyrin, polypreic acid, Efamol porphyrin, probimane, procar

bazine, proglumide, Invitron protease nexin I, Tobishi

RA-700, razoxane, Sapporo Breweries RBS, restrictin-P,

retelliptine, retinoic acid, Rhone-Poulenc RP-49532, Rhone-

Poulenc RP-56976, Rituxan® (and other anti CD20 antibod

ies, e.g. Bexxar®, Zevalin®), SmithKline SK&F-104864,

statins (Lipitor® etc.), Sumitomo SM-108, Kuraray

SMANCS, SeaPharm SP- 10094, spatol, spirocyclopropane

derivatives, spirogermanium, Unimed, SS Pharmaceutical

SS-554, strypoldinone, Stypoldione, Suntory SUN 0237,

Suntory SUN 2071, superoxide dismutase, Thalidomide,

Thalidomide analogs, Toyama T-506, Toyama T-680, taxol,

Teijin TEI-0303, teniposide, thaliblastine, Eastman Kodak

TJB-29, tocotrienol, Topostin, Teijin TT-82, Kyowa Hakko

UCN-01, Kyowa Hakko UCN-1028, ukrain, Eastman Kodak

USB-006, vinblastine sulfate, vincristine, vindesine,

vinestramide, vinorelbine, vintriptol, vinzolidine, withano-

lides andYamanouchi YM-534, Zometa®.

Examples of radioprotective agents which may be used in

the combination chemotherapy of this invention are AD-5,

adchnon, amifostine analogues, detox, dimesna, 1-102,

MM-159, N-acylated-dehydroalanines, TGF-Genentech,

tiprotimod, amifostine, WR-151327, FUT-187, ketoprofen

transdermal, nabumetone, superoxide dismutase (Chiron and

Enzon).

Methods for preparation of the antineoplastic agents

described above may be found in the literature. Methods for

preparation of doxorubicin, for example, are described in

U.S. Pat. Nos. 3,590,028 and 4,012,448. Methods forprepar-
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ing metallomatrix protease inhibitors are described in EP

780386. Methods for preparing .alphav .beta3 inhibitors are

described in WO 97/08174.

Preferred anti-neoplastic agents include, without limita

tion, one or more of daunorubicin, bleomycin, vincristine,

doxorubicin, dacarbazine, prednisolone, mitoxantrone, pred

nisone, methotrexate, 5-fluorouracil, dexamethasone, thali

domide, thalidomide derivatives, 2ME2, Neovastat, R 11

5777, arsenic trioxide, bortezomib, tamoxifen, G3139 (anti-

sense), and SU5416, mitomycin, anti-CD20 antibodies, such

as Rituxan® and R-etodolac.

Preferred drug regimens for which the present formulation

may be used in conjunction with or as a replacement for one

or more of the components includes, without limitation,

ABYD (doxorubicin, bleomycin, vincristine, dacarbazine),

DBV (daunorubicin, belomycin, vincristine), CVPP (cyclo

phosphamide, vinblastine, procarbazine, prednisolone), COP

(cyclophosphamide, vincristine, prednisolone), CHOP (cy

clophosphamide, doxorubicin,

vincristine and prednisone) and CMF (cyclophosphamide,

methotrexate, 5-fluorouracil). Additional regimens are given

in Table A below.

TABLE A

	 Cancer Therapeutic Regimens	

16

TABLE A-continued

Abbreviation Drugs Used Disease

AC Doxorubicin &

Cyclophosphamide

Breast cancer 30

CFM (CF, FNC) Cyclophosphamide,

Fluorouracil, Mitaxantrone

Breast cancer

CMF Cyclophosphamide,

Methotrexate, Fluorouracil

Breast cancer

NFL Mitoxantrone, Fluorouracil, Breast cancer 35
Leucovorin

Sequential Doxombicin Breast cancer

Dox-CMF

VATH Vinblastine, Doxombicin,

Thiotepa, Fluoxymesterone

Breast cancer

EMA-86 Etoposide, Mitoxantrone, AML (induction)
40

Ctyarabine

7 + 3 Cytarabine WITH

Daunombicin OR Idarobicin

OR Mitoxantrone

AML (induction)

5+2 Cytarabine WITH

Daunombicin OR

Mitoxantrone

AML (induction)

45

HiDAC Cytarabine AML (post-remission)

ABYD Doxombicin, Bleomycin,

Vinblastine, Dacarbazine

Hodgkin's

ChlVPP Chlorambucil, Vinblastine,

Procarbazine, Prednisone

Hodgkin's

EVA Etoposide, Vinblastine,

Doxombicin

Hodgkin's 50

MOPP Mechlorethamine,

Vincristine, Procarbazine,

Prednisone

Hodgkin's

MOPP/ABV Mechlorethamine, Hodgkin's

Hybrid Vincristine, Procarbazine, 55
Prednisone, Doxombicin,

Bleomycin, Vinblastine

MOPP/ABVD Mechlorethamine,

Doxombicin, Vinblastine,

Bleomycin, Etoposide,

Hodgkin's

Prednisone
60

CNOP Cyclophosphamide,

Mitoxantrone, Vincristine,

Prednisone

Non-Hodgkin's

COMLA Cyclophosphamide,

Vincristine, Methotrexate,

Leucovorin, Cytarabine

Non-Hodgkin's

DHAP Dexamethasone, Cisplatin,

Cytarabine

Non-Hodgkin's 65

Cancer Therapeutic Regimens

10

15

25

Abbreviation Dmgs Used Disease

ESHAP Etoposide,

Methylprednisilone,

Cisplatin, Cytarabine

Non-Hodgkin's

MACOP-B Methotrexate, Leucovorin,

Doxombicin,

Cyclophosphamide,

Vincristine, Prednisone,

Bleomycin, Septra,

Ketoconazole

Non-Hodgkin's

m-BACOD Methotrexate, Leucovorin,

Bleomycin, Doxombicin,

Cyclophosphamide,

Vincristine, Dexamethasone

Non-Hodgkin's

MINE-ESHAP Mesna, Ifosfamide,

Mitoxantrone, Etoposide

Non-Hodgkin's

NOVP Mitoxantrone, Vinblastine,

Prednisone, Vincristine

Non-Hodgkin's

ProMACE/ Prednisone, Doxombicin, Non-Hodgkin's

cytaBOM Cyclophosphamide,

Etoposide, Cytarabine,

Bleomycin, Vincristine,

Methotrexate, Leucovorin,

Septra

M2 Vincristine, Carmustine,

Cyclophosphamide,

Melphalan, Prednisone

Multiple Myeloma

MP Melphalan, Prednisone Multiple Myeloma

VAD Vincristine, Doxombicin,

Dexamethasone

Multiple Myeloma

VBMCP Vincristine, Carmustine,

Melphalan,

Cyclophosphamide,

Prednisone

Multiple Myeloma

As described herein, a lyophilized formulation of benda-

mustine is achieved following removal of an organic solvent

in water. The most typical example of the solvent used to

prepare this formulation is tertiary butanol (TBA). Other

oiganic solvents can be used including ethanol, n-propanol,

n-butanol, isoproponal, ethyl acetate, dimethyl carbonate,

acetonitrile, dichloromethane, methyl ethyl ketone, methyl

isobutyl ketone, acetone, 1 -pentanol, methyl acetate, metha

nol, carbon tetrachloride, dimethyl sulfoxide, hexafluoroac-

etone, chlorobutanol, dimethyl sulfone, acetic acid, cyclo-

hexane. These preceding solvents may be used individually or

in combination. Useful solvents must form stable solutions

with bendamustine and must not appreciably degrade or

deactivate the API. The solubility of bendamustine in the

selected solvent must be high enough to form commercially

useful concentrations ofthe drug in solvent. Additionally, the

solvent should be capable of being removed easily from an

aqueous dispersion or solution of the drug product, e.g.,

through lyophilization or vacuum drying. Preferably, a solu

tion having a concentration of about 2-80 mg/mL, preferably

about 5 to 40 mg/mL, more preferably 5-20 mg/mL and even

more preferably 12 to 17 mg/mL bendamustine is used.

A pharmaceutically acceptable lyophilization excipient

can be dissolved in the aqueous phase. Examples of excipi-

ents useful for the present invention include, without limita

tion, sodium or potassium phosphate, citric acid, tartaric acid,

gelatin, glycine, and carbohydrates such as lactose, sucrose,

maltose, glycerin, dextrose, dextran, trehalose andhetastarch.

Marmitol is a preferred excipient. Other excipients that may

be used ifdesired include antioxidants, such as, without limi

tation, ascorbic acid, acetylcysteine, cysteine, sodium hydro

gen sulfite, butyl-hydroxyanisole, butyl-hydroxytoluene or

alpha-tocopherol acetate, or chelators.
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A typical formulation and lyophilization cycle useful in

accordance with the present invention is provided below.

Lyophilization can be carried out using standard equipment

as used for lyophilization or vacuum drying. The cycle may

be varied depending upon the equipment and facilities used 5

for the fill/finish.

In accordance with a typical embodiment of the present

invention, an aqueous pre-lyophilization solution or disper

sion is first formulated in a pharmaceutically acceptable com

pounding vessel. The solution is aseptically filtered into a 10

sterile container, filled into an appropriate sized vial, partially

stoppered and loaded into the lyophilizer. Using lyophiliza

tion techniques described herein the solution is lyophilized

until a moisture content in the range ofabout 0.1 to about 8.0

percent is achieved. The resulting lyophilization powder is 15

stable as a lyophilized powder for about six months to greater

than about 2 years, preferably greater than about 3 years at

about 5° C. to about 25° C. and can be readily reconstituted

with Sterile Water for Injection, or other suitable carrier, to

provide liquid formulations of bendamustine, suitable for 20

internal administration e.g., by parenteral injection. For intra

venous administration, the reconstituted liquid formulation,

i.e., the pharmaceutical composition, is preferably a solution.

The pre-lyophilization solution or dispersion normally is

first formulated in a pharmaceutically acceptable container 25

by: 1) adding an excipient, such as mannitol (about 0 to about

50 mg/mL) with mixing to water (about 65% of the total

volume) at ambient temperature, 2) adding an organic solvent

(0.5-99.9% v/v), such as TEA to the aqueous solution with

mixing at about 20°-35° C., 4) adding bendamustine F1C1 to 30

the desired concentration with mixing, 5) adding water to

achieve the final volume, and 6) cooling the solution to about

1° C. to about 30° C., preferably about 5° C. Although the

preceding steps are shown in a certain order, it is understood

that one skilled in the art can change the order ofthe steps and 35

quantities as needed. Quantities can be prepared on a weight

basis also.

The pre-lyophilization solution or dispersion can be ster

ilized prior to lyophilization, sterilization is generally per

formed by aseptic filtration, e.g., through a 0.22 micron or 40

less filter. Multiple sterilization filters can be used. Steriliza

tion of the solution or dispersion can be achieved by other

methods known in the art, e.g., radiation.

In this case, after sterilization, the solution or dispersion is

ready for lyophilization. Generally, the filtered solution will 45

be introduced into a sterile receiving vessel, and then trans

ferred to any suitable container or containers in which the

formulation may be effectively lyophilized. Usually the for

mulation is effectively and efficiently lyophilized in the con

tainers in which the product is to be marketed, such as, with- 50

out limitation, a vial, as described herein and as known in the

art.

A typical procedure for use in lyophilizing the pre-lyo

philization solutions or dispersions is set forth below. Flow-

ever, a person skilled in the art would understand that modi- 55

fications to the procedure or process may be made depending

on such things as, but not limited to, the pre-lyophilization

solution or dispersion and lyophilization equipment.

Initially, the product is placed in a lyophilization chamber

under a range of temperatures and then subjected to tempera- 60

tares well below the product's freezing point, generally for

several hours. Preferably, the temperature will be at or below

about -40° C. for at least 2 hours. After freezing is complete,

the chamber and the condenser are evacuated through vacuum

pumps, the condenser surface having been previously chilled 65

by circulating refrigerant. Preferably, the condenser will have

been chilled below the freezing point of the solution prefer

ably to about -40°, more preferably to about -50° C. or lower,

even more preferably to about -60° C. or lower. Additionally,

evacuation ofthe chamber should continue until a pressure of

about 10 to about 600 microns, preferably about 50 to about

150 microns is obtained.

The product composition is then warmed under vacuum in

the chamber and condenser. This usually will be carried out

by warming the shelves within the lyophilizer on which the

product rests during the lyophilization process at a pressure

ranging from about 10 to about 600 microns. The warming

process will optimally take place very gradually, over the

course ofseveral hours . For example, the product temperature

should initially be increased from about -30° C. to about - 1 0°

C. and maintained for about 10-70 hours. Additionally, the

product temperature can be increased from the freezing tem

perature to about 25° C.-40° C. over a period of30-1 92 hours.

To prevent powder ejection ofthe lyophilate from vials, com

plete removal ofthe organic solvent and water should be done

during the initial drying phase. Complete drying can be con

firmed by stabilization of vacuum, condenser temperature

and product shelf temperature. After the initial drying, the

product temperature should be increased to about 25° C.-40°

C. and maintained for about 5-40 hours.

Once the drying cycle is completed, the pressure in the

chamber can be slowly released to atmospheric pressure (or

slightly below) with sterile, dry-nitrogen gas (or equivalent

gas). If the product composition has been lyophilized in con

tainers such as vials, the vials can be stoppered, removed and

sealed. Several representative samples can be removed for

purposes of performing various physical, chemical, and

microbiological tests to analyze the quality of the product.

The lyophilized bendamustine formulation is typically

marketed in pharmaceutical dosage form. The pharmaceuti

cal dosage form ofthe present invention, although typically in

the form of a vial, may be any suitable container, such as

ampoules, syringes, co-vials, which are capable ofmaintain

ing a sterile environment. Such containers can be glass or

plastic, provided that the material does not interact with the

bendamustine formulation. The closure is typically a stopper,

most typically a sterile rubber stopper, preferably a bromobu-

tyl rubber stopper, which affords a hermetic seal.

After lyophilization, the bendamustine lyophilization

powder may be filled into containers, such as vials, or alter

natively the pre-lyophilization solution can be filled into such

vials and lyophilized therein, resulting in vials which directly

contain the lyophilized bendamustine formulation. Such vials

are, after filling or lyophilization of the solution therein,

sealed, as with a stopper, to provide a sealed, sterile, pharma

ceutical dosage form. Typically, a vial will contain a lyo

philized powder including about 10-500 mg/vial, preferably

about 100 mg/vial, bendamustine and about 5 mg-2 g/vial,

preferably about 170 mg/vial, mannitol.

The lyophilized formulations of the present invention may

be reconstituted with water, preferably Sterile Water for

Injection, or other sterile fluid such as co-solvents, to provide

an appropriate solution of bendamustine for administration,

as through parenteral injection following further dilution into

an appropriate intravenous admixture container, for example,

normal saline.

B. Solubility

The solubility of bendamustine F1C1 (bendamustine) in

water (alone) and with varying amounts of alcohols com

monly used in lyophilization, e.g., methanol, ethanol, pro-

panol, isopropanol, butanol and tertiary-butyl alcohol (TBA)

was determined by visual inspection. Amounts ofbendamus

tine at 15 mg/mL, combined with mannitol at 25.5 mg/mL

were prepared in 10 mL of the indicated alcohol solutions at
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room temperature (see Table 1). Samples were then refriger

ated at 5° C. and inspected after 0, 3, 6 and 24 hours for

particulates and/or precipitates.

The results shown in Table 1 indicate that bendamustine

solubility is dependant on temperature and the amount of

alcohol in aqueous solutions. For the alcohols tested, the

solubility of bendamustine increased as the concentration of

alcohol increased. The formation of a precipitant was also

dependent on the temperature and time. Bendamustine did

not precipitate immediately with any alcohol, but crystallized

after storage at 5° C. Alcohols varied in their effect on solu

bility. Without wishing to be bound to any particular theory,

smaller alcohols such as methanol and ethanol have less ofan

effect on solubility as compared with larger alcohols (tertiary-

butanol and n-butanol). Fiowever, the shape of the alcohol is

also important. For example n-propanol was found to be

better than iso-propanol in preventing precipitation in this

system. The two alcohols with the greatest effect on solubility

were n-propanol and tertiary-butanol.

TABLE 1

Bendamustine solubility over a 24 hour period

in various alcohols when stored at 5° C.

Zero Time 3 Hours 6 Hours 24 Hours

Methanol (v/v)

0% (Water Only) CCS CCS Precipitate Precipitate

5% CCS CCS Precipitate Precipitate

10% CCS CCS CCS Precipitate

20% CCS CCS CCS Precipitate

30% CCS CCS CCS CCS

Ethanol (v/v)

1.9% CCS CCS Precipitate Precipitate

5% CCS CCS Precipitate Precipitate

10% CCS CCS CCS Precipitate

20% CCS CCS CCS CCS

30% CCS CCS CCS CCS

n-Propanol (v/v/)

5% CCS CCS CCS Precipitate

10% CCS CCS CCS CCS

20% CCS CCS CCS CCS

30% CCS CCS CCS CCS

Iso-propanol (v/v)

5% CCS Precipitate Precipitate Precipitate

10% CCS CCS CCS CCS

20% CCS CCS CCS CCS

30% CCS CCS CCS CCS

n-Butanol (v/v)

5% CCS CCS CCS CCS

10% CCS CCS CCS CCS

20% 2 layers 2 layers 2 layers 2 layers

30% 2 layers 2 layers 2 layers 2 layers

Tert-Butanol (v/v)

5% CCS CCS CCS Precipitate

10% CCS CCS CCS Precipitate

20% CCS CCS CCS CCS

30% CCS CCS CCS CCS

10

CCS stands for clear colorless solution

Experiments to quantitatively determine the solubility of

bendamustine at various temperatures for three different solu

tions are summarized in FIG. 1 and Table 2. The amount of

TBA, 20% (v/v) and 30% (v/v), used in the experiment was

based on stability studies (results described below). For both

solutions tested, the solubility of bendamustine decreased

linearly with temperatures from 25° C. to 0° C. This experi

ment confirmed the data shown in Table 1 and highlights the

difference in bendamustine solubility for 20% and 30% TBA

solutions.

20

TABLE 2

Solubility of bendamustine in TBA

-8° C. 0oC. 5° C. 25° C.

20% (v/v) TBA

25.5 mg/mL mannitol

Water, q.s. to desired

volume

30% (v/v) TBA

25.5 mg/mL mannitol

Water, q.s. to desired

volume

14 mg/mL 1 1 mg/mL 17 mg/mL 47 mg/mL

20 mg/mL 18 mg/mL 27 mg/mL 65 mg/mL

15

25

30

35

40

45

50

55

C. Stability

Because of its instability in aqueous solutions due to

hydrolysis with water, bendamustine requires lyophilization

in order to make a product suitable for pharmaceutical use.

Fiowever, during the manufacturing of lyophilized drug prod

ucts, aqueous solutions are commonly needed for filling,

prior to lyophilization. Thus, the use of aqueous solutions

during the compounding and fill processes for bendamustine

and other nitrogen mustards can result in degradation of the

drug product. Consequently, the effect ofvarious alcohols on

the degradation ofbendamustine was evaluated to determine

if formulations could be found that would allow longer fill-

finish times, provide lyophilate powders that could be recon

stituted more quickly than the current Ribomustin® formu

lation, and/or provide lyophilized preparations of

bendamustine with a better impurity profile with respect to

certain impurities, e.g., FiPl, and BM1 dimer than Ribomus

tin®.

Preferably, a lyophilized preparation of the invention is

stable with respect to FiPl, i.e., the amount of FiPl does not

increase appreciably (does not exceed the shelf-life specifi

cations), for 6 months, more preferably 12 months, and even

more preferably greater than 24 months, e.g., 36 months,

when stored at about 2° C. to about 30° C., preferably 5° C.

Table 3 shows the stability results ofbendamustine in water

with no addition of alcohol over a 24 hour period at 5° C.

Bendamustine degrades rapidly in water alone and forms

predominantly the hydrolysis product, F1P1 (monohydroxy

bendamustine).

Formula II

HO

Monohydroxy bendamustine (HP1)

TABLE 3

60

65

Stability of bendamustine in water

Hold Time Purity (% Area) HP1 (%) Dimer (%)

0% Alcohol, i.e., 0 hours 99.11 0.60 0.11

Water Alone 3 hours 98.83 0.86 0.13

6 hours 98.44 1.22 0.17

24 hours 95.67 3.81 0.29
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The other major degradant observed during this study and

other long term stability studies was the dimer of bendamus-

tine.

HO'

Bendamustine Dimer (BM1 Dimer)

22

Formula III

Other degradants contained in the Ribomustin lyophilized

product are bendamustine ethylester (BM1EE) (Formula IV) 20

and BM1DCE (Formula V). BM1EE is formed when benda

mustine reacts with ethyl alcohol.

TABLE 4

n r

X-J
J

Bendamustine ethylester (BM1EE)

HPLC stability results for the stability of bendamustine in

various ethyl alcohol concentrations over a 24 hour period.

Formula IV
25

30

35

Formula V

OH 40

V/V alcohol Hold Time Purity (% Area) HP1 (%) Dimer (%)

1.9% Ethanol 0 hours 99.11 0.64 0.12

3 hours 98.83 0.90 0.14

6 hours 98.60 1.12 0.15

24 hours 96.16 3.41 0.27

5% Ethanol 0 hours 99.31 0.44 0.12

3 hours 99.10 0.64 0.13

6 hours 98.87 0.86 0.14

24 hours 96.89 2.68 0.25

10% Ethanol 0 hours 99.44 0.33 0.11

3 hours 99.28 0.48 0.12

6 hours 99.10 0.65 0.12

24 hours 98.03 1.57 0.18

20% Ethanol 0 hours 99.54 0.22 0.10

3 hours 99.45 0.30 0.11

6 hours 99.36 0.39 0.11

24 hours 98.61 0.96 0.15

30% Ethanol 0 hours 99.62 0.15 0.10

3 hours 99.56 0.21 0.11

6 hours 99.52 0.24 0.12

24 hours 99.21 0.45 0.12

BM1DCE

FIG. 2 summarizes the purity results of an F1PLC analysis

after incubating bendamustine in various alcohols for 24

hours at 5° C. Results are presented as the area percent of the

total peak area. The numerical values for FIG. 2 are provided

in Tables 3-9. The purity was highest in solutions containing

higher concentration ofalcohols, regardless ofthe alcohol . Of

the alcohols evaluated, bendamustine degraded the least in a

solution containing about 30% (v/v) TBA. In about 10% and

about 20% alcohol solutions, n-butanol was superior in pre

venting degradation ofbendamustine. At 20% and 30% (v/v),

n-butanol in water resulted in a biphasic system due to the

insolubility ofn-butanol in water at these concentrations.

FIGS. 3 and 4 show the amount of degradation of benda

mustine as measured by F1P1 and dimer formation quantified

by F1PLC (as described herein). F1P1 and dimer formation

increased as the amount of alcohol concentration decreased

regardless ofthe alcohol. This increase in impurities occurred

with an anticipated time dependence (see Tables 3-9). Tert-

butanol and n-butanol appeared superior to other alcohols in

preventing degradation of the product. As seen in Table 10,

marmitol had no effect on the stabilization of bendamustine

with TBA.

45

50

55

60

65

TABLE 5

HPLC stability results for bendamustine in various Tert-

butanol concentrations over a 24 hour period. HP1 and

Concentration

alcohol (v/v) Hold Time Purity (% Area) HP1 (%) Dimer (%)

5% Tert-butanol 0 hours 99.34 0.41 0.12

3 hours 99.10 0.64 0.14

6 hours 98.85 0.88 0.13

24 hours 97.58 2.09 0.20

10% Tert-butanol 0 hours 99.46 0.30 0.11

3 hours 99.26 0.48 0.12

6 hours 99.05 0.69 0.13

24 hours 98.04 1.64 0.19

20% Tert-butanol 0 hours 99.59 0.17 0.11

3 hours 99.48 0.29 0.11

6 hours 99.35 0.40 0.12

24 hours 98.35 1.27 0.20

30% Tert-butanol 0 hours 99.63 0.13 0.10

3 hours 99.60 0.16 0.10

6 hours 99.58 0.18 0.11

24 hours 99.42 0.34 0.12
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TABLE 6

HPLC stability results for various n-propyl alcohol

concentrations over a 24 hour period. HP1 and Dimer

Concentration

alcohol (v/v) Hold Time Purity (% Area) HP1 (%) Dimer (%)

5% n-Propanol 0 hours 99.25 0.43 0.13

3 hours 99.00 0.66 0.15

6 hours 98.72 0.94 0.16

24 hours 97.24 2.33 0.26

10% n-Propanol 0 hours 99.34 0.33 0.15

3 hours 99.17 0.48 0.14

6 hours 98.92 0.70 0.16

24 hours 97.67 1.83 0.28

20% n-Propanol 0 hours 99.45 0.33 0.13

3 hours 99.42 0.26 0.13

6 hours 99.29 0.39 0.14

24 hours 98.60 0.97 0.24

30% n-Propanol 0 hours 99.53 0.15 0.13

3 hours 99.51 0.15 0.15

6 hours 99.44 0.20 0.11

24 hours 99.27 0.36 0.17

TABLE 7

HPLC stability results for bendamustine in various iso-

propyl alcohol concentrations over a 24 hour period. HP1

Concentration

alcohol (v/v) Hold Time Purity (% Area) HP1 (%) Dimer (%)

5% Iso-propanol 0 hours 99.21 0.48 0.13

3 hours 98.65 0.72 0.14

6 hours 98.56 1.02 0.14

24 hours 96.14 3.35 0.26

10% Iso-propanol 0 hours 99.32 0.37 0.12

3 hours 99.11 0.55 0.14

6 hours 98.85 0.75 0.16

24 hours 97.68 1.92 0.21

20% Iso-propanol 0 hours 99.49 0.21 0.11

3 hours 99.39 0.31 0.12

6 hours 99.22 0.42 0.13

24 hours 98.61 1.04 0.17

30% Iso-propanol 0 hours 99.56 0.15 0.10

3 hours 99.47 0.20 0.12

6 hours 99.40 0.24 0.11

24 hours 99.15 0.52 0.14

TABLE 8

HPLC stability results for bendamustine in various methyl

alcohol concentrations over a 24 hour period. HP1 and

Concentration

alcohol (v/v) Hold Time Purity (% Area) HP1 (%) Dimer (%)

5% Methanol 0 hours 99.35 0.40 0.12

3 hours 98.97 0.70 0.14

6 hours 98.66 0.95 0.14

24 hours 96.65 2.83 0.23

10% Methanol 0 hours 99.42 0.34 0.11

3 hours 99.01 0.59 0.12

6 hours 98.86 0.80 0.12

24 hours 97.65 1.85 0.18

20% Methanol 0 hours 99.56 0.22 0.11

3 hours 99.31 0.38 0.11

6 hours 98.99 0.50 0.12

24 hours 98.31 1.15 0.16

30% Methanol 0 hours 99.59 0.18 0.10

3 hours 99.43 0.27 0.11

6 hours 99.25 0.34 0.11

24 hours 98.65 0.76 0.13

35

40

24

TABLE 9

HPLC stability results for bendamustine in various n-butyl

alcohol concentrations over a 24 hour period. HP1 and Dimer

10

Concentration

alcohol (v/v) Hold Time Purity (% Area) HP1 (%) Dimer (%)

5% Butanol 0 hours 99.25 0.49 0.13

3 hours 98.94 0.73 0.14

6 hours 98.76 0.91 0.14

24 hours 97.46 2.20 0.21

10% Butanol 0 hours 99.44 0.30 0.11

3 hours 99.18 0.49 0.12

6 hours 99.03 0.64 0.12

24 hours 98.13 1.55 0.17

20% Butanol'3 0 hours 99.54 0.23 0.10

3 hours 99.45 0.31 0.11

6 hours 99.30 0.40 0.11

24 hours 98.81 0.91 0.14

30% ButanoU 0 hours 99.55 0.24 0.10

3 hours 99.40 0.29 0.10

6 hours 99.40 0.37 0.11

24 hours 99.00 0.74 0.12

25

30

''Both solutions had 2 layers/phases of liquids in the vial. Solutions were vortexed prior to
sample preparation.

The results in Tables 1-9 indicate that the stability of ben

damustine HC1 with respect to HP1 and dimer improves with

increasing alcohol concentration.

TABLE 10

HPLC stability results for bendamustine in TEA with

	 and without mannitol over a 24 hour period.	

Sample Purity (% Area) HP1 (%)

45

50

55

TEA 20% (v/v) with Mannitol

0 hours 99.59 0.17

24 hours @ 5° C. 99.35 1.27

TEA 20% (v/v) without Mannitol

0 hours 100.0 0.00

24 hours @ 5° C. 98.80 1.21

The samples analyzed without mannitol were analyzed by HPLC using a normal phase

method while the samples analyzed with mannitol used a reverse phase HPLC method.

Slight variability may be seen in other samples analyzed between the two methods.

D. Lyophilization Cycle Development

Different pre-lyophilization formulations were prepared at

various concentrations ofbendamustine, mannitol, and alco

hols in water. The cycle development was changed and opti

mized at each step for freezing (fast vs. slow), primary drying

(both temperature and pressure), and secondary drying as

described herein.

Based upon all of the information detailed above on solu

bility, stability, and ease of lyophilization, preferred formu

lations include the following:

60

Ingredients Concentration

Bendamustine about 2-40 mg/mL

Mannitol about 0-50 mg/mL

Alcohol about 0.5%-40% (v/v)

Water, q.s. to desired volume

65

wherein the alcohol is selected from methanol, n-propanol,

or isopropanol
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Ingredients Concentration

Bendamustine about 5-20 mg/mL
5

Mannitol 10-30 mg/mL

Alcohol 1-20% (v/y)

Water, q.s. to desired volume

10

Ingredients Concentration

Bendamustine HC1 about 15 mg/mL

Mannitol about 25.5 mg/mL

Butanol about 10% (v/v)

Water, q.s. to desired volume

wherein the alcohol is selected from methanol, n-propanol,

or isopropanol

Ingredients Concentration

15

Bendamustine about 5-20 mg/mL

Mannitol 10-30 mg/mL

Alcohol 5-40% (v/v)

Water, q.s. to desired volume

Ingredients Concentration

Bendamustine HC1 about 2-50 mg/mL

Mannitol about 0-50 mg/mL

Tertiary butanol about 0.5-100% (v/v)

20 Water, q.s. to desired volume

Ingredients Concentration
25

Ingredients Concentration

Bendamustine HC1

Mannitol

Alcohol

Water, q.s. to

about 12-17 mg/mL

about 20-30 mg/mL

about 5-15% (v/v)

desired volume

Bendamustine HC1

Mannitol

Tertiary butanol

Water, q.s. to

about 2-50 mg/mL

about 0-50 mg/mL

about 0.5-99.9% (v/v)

desired volume

Ingredients Concentration Ingredients Concentration

Bendamustine HC1

Mannitol

Alcohol

Water, q.s. to

about 15 mg/mL

about 25.5 mg/mL

about 10% (v/v)

desired volume

Bendamustine HC1

Mannitol

Tertiary butanol

Water, q.s. to

about 2-50 mg/mL

about 0-50 mg/mL

about 0.5-99% (v/v)

desired volume

40

Ingredients Concentration Ingredients Concentration

Bendamustine HC1

Mannitol

Butanol

Water, q.s. to

about 2-40 mg/mL

about 0-50 mg/mL

about 0.5-20% (v/v)

desired volume

45 Bendamustine HC1

Mannitol

Tertiary butanol

Water, q.s. to

about 2-50 mg/mL

about 0-50 mg/mL

about 90-99% (v/v)

desired volume

50

Ingredients Concentration Ingredients Concentration

Bendamustine HC1

Mannitol

Butanol

Water, q.s. to

about 5-20 mg/mL

about 10-30 mg/mL

about 1-10% (v/v)

desired volume

55

Bendamustine HC1

Mannitol

Tertiary butanol

Water, q.s. to

about 5-20 mg/mL

about 10-30 mg/mL

about 5-80% (v/v)

desired volume

60

Ingredients Concentration Ingredients Concentration

Bendamustine HC1

Mannitol

Butanol

Water, q.s. to

about 12-17 mg/mL

about 20-30 mg/mL

about 1-10% (v/v)

desired volume 65

Bendamustine HC1

Mannitol

Tertiary butanol

Water, q.s. to

about 12-17 mg/mL

about 20-30 mg/mL

about 10-50% (v/v)

desired volume
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Ingredients Concentration

Bendamustine HC1

Mannitol

Ethanol

Water, q.s. to

about 12.5-15 mg/mL

about 0-30 mg/mL

about 20-30% (v/v)

desired volume

5

10

Ingredients Concentration

Bendamustine HC1

Mannitol

Tertiary butanol

Water, q.s. to

about 15 mg/mL

about 25.5 mg/mL

about 30% (v/v)

desired volume
15

EXAMPLES

The following Examples are provided to illustrate certain

aspects of the present invention and to aid those ofskill in the

art in practicing the invention. These Examples are in no way

to be considered to limit the scope of the invention in any

manner.

Materials:

Bendamustine E1C1, (Degussa, Lot #s 0206005 and 0206007)

Marmitol, NF or equivalent (Mallinckrodt)

Ethyl Alcohol Dehydrated (200 proof), USP or equivalent

(Spectrum)

Tertiary-butyl alcohol, ACS (EM Science)

Methanol (Spectrum and EMD)

Propanol (Spectrum)

Iso-propanol (Spectrum)

Butanol (Spectrum)

Water, E1PLC grade or equivalent (EMD)

Acetonitrile, E1PLC grade or equivalent (EMD)

Trifluoroacetic Acid, J. T. Baker

Methanol, E1PLC grade or equivalent (EM Science, Cat #

MX0488P-1)

Trifluoroacetic Acid, E1PLC grade or equivalent (JT Baker,

Cat# JT9470-01)

Equipment:

Waters 2695 Alliance E1PLC system with photodiode array

detector

Waters 2795 Alliance E1PLC system with dual wavelength

detector

Analytical Balance (Mettler AG285, ID #1028) and (Mettler

XS205)

VirTis Lyophilizer Advantage

Agilent Zorbax SB-C18 5 pm 80 A 4.6x250 mm column,

Cat#880975-902

Example 1

HPLC Procedures

Method 1

Mobile Phase A: 0.1% TFA; H20

Mobile Phase B: 0.1% TFA; 50% ACN:50% H20

UV: 230 nm

Flow rate: 1 .0 mL/min

25

30

35

40

45

50

Column temp.: 30° C.

Column: Zorbax SB-C18 5 pm 80 A 4.6x250 mm

Sample temp.: 5° C.

Injection Volume: lOpL

Sample Concentration: 0.25 mg/mL in MeOFl

Gradient: 20% B for 1 min

20-90% B in 23 min

90% B for 6 min

back to 20% B in 1 min

hold at 20% B for 4 min

Run time: 30 min

Post run time: 5 min

Method 2

Mobile Phase A: 0.1% TFA; H20:ACN (9:1)

Mobile Phase B: 0.1% TFA; H20:ACN (5:5)

UV: 230 nm

Flow rate: 1 .0 mL/min

Column: Zorbax SB-C18 5 pm 80 A 4.6x250 mm

Column temp.: 30° C.

Sample temp.: 5° C.

Injection Volume: lOpL

Sample Concentration: 0.25 mg/mL in MeOFl

Gradient: 0% B for 3 min

0-50% B in 13 min

50-70% B in 17 min

70-90% B in 2 min

90% B for 5 min

back to 0% B in 1 min

hold at 0% B for 4 min

Run time: 40 min

Post run time: 5 min

Method 3

Phase A: F1PLC grade water with 0. 1 % TFA(v/v)

Phase B: HPLC grade ACN/water(l:l v/v) with 0.1% TFA

(v/v)

UV: 254 nm

Flow rate: 1 .0 mL/min

Column: Zorbax SB-C18 5 pm 80 A 4.6x250 mm

Column temp.: 30° C.

Sample temp.: 5° C.

Injection Volume: 5 pL

Acquisition time: 30 min

Post time: 9 min

Diluent: methanol

Gradient:

55

60

Time (min.) % Phase A % Phase B

0.0 82 18

7.0 60 40

11.0 60 40

15.0 20 80

30.0 20 80

31.0 82 18

65 Sample preparation—dissolve the drug product with 200

mL MeOH. Sonicate 6 minutes. The solution can be injected

directly into the HPLC (ca. 0.5 mg/mL)
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Method 4

Phase A: HPLC grade water with 0.1% TFA(v/v)

Phase B: HPLC grade ACN with 0. 1% TFA(v/v)

UV: 254 mn

Flow rate: 1 .0 mL/min

Column: Zorbax Bonus RP-C14 5 gm 4.6x150 mm

Column temp.: 30° C.

Sample temp.: 5° C.

Injection Volume: 2 pL

Acquisition time: 31 min

Post time: 5 min

Diluent: NMP/0.1% TFA in water (50:50 v/v)

Gradient:

Time (min.) % Phase A % Phase B

0.0 93 7

5 93 7

13 73 27

16 73 27

25 10 90

31 10 90

Sample preparation for method 4—dissolve the drug prod

uct with a known amount ofdiluent to prepare a concentration

of 4.2 mg/mL for injection directly into the HPLC. It may be

necessary to perform a second dilution (the 100 mg/vial dos

age form) to obtain a 4.2 mg/mL sample concentration.

Results

The retention times for some Bendamustine impurities

using HPLC Method 1 described above are shown in Table

11. An HPLC chromatograph for Ribomustin® using the

HPLC procedure described herein is shown in FIG. 6.

25

30

TABLE 11

Retention Time for Bendamustine and some

of its Impurities using HPLC Method 1

Sample Name Retention Time (min)

HP1 14.110

Bendamustine 22.182

BM1 Dimer 24.824

BM1EE 26.968

Although HPLC Method 1 was capable ofresolving impu

rities found in bendamustine it was not capable of separating

a potential impurity formed during analysis, the methyl ester

of bendamustine (BM1ME). The retention time difference

between BM1ME and BM1 Dimer was only 0.3 minutes. In

order to resolve BM1 Dimer, another HPLC method (#2) was

developed. HPLC method #2 was capable ofseparating all the

impurities but required a longer run time of45 minutes (Table

12).

TABLE 12

Retention Time for bendamustine and

Sample Name Retention Time (min)

HP1 15.694

BM1 25.420

BM1ME 31.065

BM1 Dimer 32.467

BM1EE 36.038

65
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TABLE 13

Ribomustine Impuirty Profile using HPLC Method 3

% Area

10

15

Batch Bendamustine(HCl) HP1 BM1EE BM1 Dimer BM1DCE

03H08 98.14 1.07 0.21 0.34 0.03

03H07 97.67 1.5 0.2 0.33 0.04

02K27 96.93 0.93 0.29 1.18 0.08

03C08 97.61 1.24 0.19 0.46 0.02

35

40

45

50
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The impurity profile of various lots of Ribomustin using

HPLC Method 3 are shown in Table 13.

Example 2

Solubility

The solubility of bendamustine HC1 (bendamustine) in

water (alone) and with varying amounts ofmethanol, ethanol,

propanol, isopropanol, butanol and tertiary-butyl alcohol

(TBA) was determined by visual inspection. Amounts of

bendamustine at 15 mg/mL, mannitol at 25.5 mg/mL were

prepared in 1 0 mL ofthe indicated alcohol solutions (Table 1 )

at room temperature. Samples were then refrigerated at 5° C.

and inspected after 0, 3, 6 and 24 hours for particulates and/or

precipitates.

Results summarized in Table 1 indicate that bendamustine

solubility is dependant on temperature and the amount of

alcohol in aqueous solutions. For all alcohols the solubility of

bendamustine increased as the concentration of alcohol

increased. The formation of a precipitant was also dependent

on the temperature and time.

The solubility of bendamustine was also determined in

20% (v/v) TBA containing 25.5 mg/mL mannitol in water,

and 30% (v/v) TBA containing 25 .5 mg/mL mannitol in water

(FIG. 1). Bendamustine was added to 4 mL of each solution

while mixing until it would no longer dissolve. The saturated

solutions were allowed to mix for 1 hour at -8° C., 0° C., 5°

C., or 25° C. The samples were centrifuged and placed back

at the original temperature for a minimum of30 minutes. The

-8° C. sample was placed into an ice bath containing sodium

chloride, which lowers the temperature ofthe ice bath, and the

temperature was measured when the sample was pulled for

analysis. An aliquot of each sample was taken and prepared

for HPLC analysis.

The results of these experiments are shown in FIG. 1 and

Table 2. The amount ofTBA, 20% (v/v) and 30% (v/v), used

in the experiment (FIG. 1) was based on stability studies

described herein.

As indicated in FIG. 1, the solubility of bendamustine

decreased linearly with temperature (25° C. to 0° C.). The

solubility of bendamustine was temperature dependant

whether it was dissolved in water alone or with an alcohol.

The 20% (v/v) TBA may likely be the lower limit required for

efficient and robust pharmaceutical manufacturing due to the

stability and solubility of bendamustine. A filling solution of

15 mg/mL bendamustine is close to the saturation limit of

17.2 mg/mL bendamustine at 5° C. but higher than the limit at

0° C. The 30% (v/v) TBA is the recommended concentration

of TBA for the final formulation and is well within the solu

bility limit regardless of temperature.

Example 3

Stability

A. Stability in Water

Solutions of bendamustine (15 mg/mL), and mannitol

(25.5 mg/mL) were prepared in water at room temperature

and immediately placed in an ice bath (to lower the tempera

ture quickly to about 5° C.) for 10 minutes and then refriger-
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ated at 5° C. A sample of each formulation was analyzed by breakage during handling, a minimum of 134 mg/vial of

HPLC using the methods described herein after 0,3,6 and 24 marmitol was required with no difference observed in vials up

hours when stored at 5° C. to 200 mg/vial of marmitol.

B. Stability in Alcohols All alcohols tested increased the stability and solubility of

Solutions containing 15 mg/mL bendamustine, 25.5 5 bendamustine. However, a significant mole fraction was

mg/mL marmitol, and 1.9%, 5%, 10%, 20% or 30% (v/v) required to affect the stability of the filling solution and the

ethyl alcohol in water or 5%, 10%, 20% or 30% (v/v) TBA, ease ofmanufacturing. Smaller alcohols have the undesirable

methanol, propanol, iso-propanol, or butanol in water were effect of lowering the freezing point of the bulk solution and

prepared at room temperature, placed into an ice bath for 10 thus requiring long lyophilization cycles at lower tempera-

minutes and then refrigerated at 5° C. A sample of each to tures. Higher concentrations of methanol and ethanol pro-

formulation was analyzed by HPLC after 0, 3, 6 and 24 hours duced unattractive cakes that were difficult to reconstitute,

when stored at 5° C. 10% ethanol, 20% ethanol, 10% iso-propanol, 20% iso-pro-

C. Stability Results panol, or 30% TBA aqueous solutions containing bendamus-

Table 3 shows the stability results ofbendamustine in water tine (15 mg/mL), marmitol (25.5 mg/mL) were prepared and

with no addition of alcohol over a 24 hour period at 5° C. 15 lyophilized. The lyophilized vials filled from solutions of

Bendamustine degrades quickly in water but the stability of 10% ethanol, 20% ethanol, 10% iso-propanol, 20% iso-pro-

bendamustine increases with increasing alcohol concentra- panol produced either a collapsed cake or a film residue. The

tions (FIGS. 2, 3 and 4). Although alcohols are frequently only solvent system producing an acceptable cake was 30%

used in lyophilization to aid in solubility problems, the effect TBA. Additionally, reconstitution of 1 0% ethanol, 20% etha-

of alcohols on bendamustine stability is unique, unexpected 20 nol, 10% iso-propanol, 20% iso-propanol lyophilized vials

and useful in manufacturing bendamustine with fewer impu- were difficult and did not fully dissolve until >45 minutes,

rities since an aqueous solution can be used while maintain- The ability to utilize a smaller vial is constrained by the

ing the stability of bendamustine. TBA was found to be the concentration or solubility of bendamustine in the aqueous/

best stabilizer ofthe six alcohols tested (FIGS. 2, 3, and 4). All organic solution. At lower concentrations of ethanol, metha-

alcohols at 30% (v/v) reduced the formation of impurities 25 nol, isopropanol and n-propanol, which produced acceptable

HP1 and Dimer at 5° C. for up to 24 hours. With respect to cake appearance, a more dilute solution of bendamustine is

TBA, HP1 reaches only about 0.4% when stored at 5° C. for required due to solubility limitations. To maintain a presen-

up to 24 hours . Lower concentrations of alcohol may not be tation with 1 00 mg ofbendamustine per vial, a vial larger than

efficient, when formulated at 15 mg/mL bendamustine and 50 mL would be required. Also, stability studies herein indi-

stored at 5° C. due to bendamustine precipitation and impu- 30 cated that at the lower alcohol concentration, the chemical

rity formation. stability was not sufficient to allow for acceptable filling

times.
Example 4 One of the factors affecting the ease of reconstitution is the

porosity of the lyophilate. In general, amorphously precipi-
Formulation Optimization 35 tated solids with little surface area are more difficult to solu-

bilize. Most lyophilates containing marmitol will reconstitute

After the solubility and stability of bendamustine were within 3-5 minutes as long as there is no precipitate formed

determined, the formulation was optimized for lyophiliza- during lyophilization, frequently caused by evaporation of a

tion. Since the concentration of bendamustine is higher in a liquid (melt back). Based on our experience with several

30% TBA/water saturated solution as compared with other 40 lyophilization solvent systems and not wishing to be bound to

alcohol solutions, it is anticipated that the vial size required to any particular theory, the problems associated with Ribomus-

fill 100 mg of bendamustine can be decreased from the cur- tin® reconstitution may be associated with precipitation

rent Ribomustin® presentation. Although a saturated solu- caused by melt back during lyophilization. Most organic sol-

tion ofbendamustine contains 18 mg/mL at 0° C., a concen- vents do not lyophilize efficiently and cause melt back

tration of 15 mg/mL was selected for the formulation to 45 because of their low melting point. TBA (tertiary butyl alco-

compensate for slight differences in API solubility due to hoi) has a high melting point and a similar vapor pressure as

differences in bulkAPI purity as a result ofbatch differences. compared to water. TBA is removed by sublimation, not

A concentration of 15 mg/mL bendamustine requires 6.67 evaporation, at about the same rate as water. Lyophilates

mL to fill 100 mg of bendamustine HC1 per vial. produced with 30% (v/v) TBA according to the invention

The surface (sublimation) area to volume ratio is critical to 50 reconstitute within 3-10 minutes as compare to commercially

producing a lyophilized product with good appearance that available Ribomustin which may take 30-45 minutes,

freeze dries quickly. Generally, lyophilized products occupy Based upon the solubility, stability, ease of reconstitution

between 30% to 50% of the vial volume. A 20 mL vial with and manufacturing considerations, the following is a pre-

6.67 mL contains about 30% of its capacity and has a surface ferred pre-lyophilization formulation of the present inven-

area ratio of 0.796 cm2/mL. 55 tion: bendamustine HC1 about 15 mg/mL, marmitol about
Marmitol was selected as the bulking agent in order to 25.5 mg/mL, about 30% (v/v) tertiary-butyl alcohol, and q.s.

maintain a formulation similar to Ribomustin®. Studies were using water for Injection. The formulation is then filled at 5°

performed to evaluate the effect ofmarmitol on bendamustine C. using 6 .67 mL in an amber 20 mL, 20 mm vial and partially

solubility and appearance of the product. Marmitol decreases stoppered with a bromobutyl stopper and loaded into a pre-

the solubility ofbendamustine (at 1 5 mg/mL) in both ethanol 60 chilled lyophilizer.

and TBA aqueous solutions. For example, solutions contain

ing 5% and 10% ethanol and TBA without marmitol did not Example 5

precipitate over 24 hours. However, for samples with marmi

tol (Table 1) precipitate was observed within 24 hours. There Impurity Assessment

was no precipitate with aqueous solutions containing 30% 65

(v/v) TBA, 15 mg/mL bendamustine, and 25.5 mg/mL man- Major impurities introduced during Ribomustin® manu-

nitol. In order to maintain a well formed cake resistant to facturing, compounding, fill, and lyophilization procedure, as
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determined by HPLC analysis (FIG. 6), are the hydrolysis

product F1P1 , the Dimer, and the ethyl ester ofbendamustine,

BM1EE. BM1EE can be formed during drug substance

manufacturing, e.g., during recrystallization and/or purifica

tion processes. BM1EE is known to be a more potent cyto

toxic drug than bendamustine. Experiments were undertaken

to determine ifthe use of a 30% TBA aqueous filling solution

would lead to the formation of bendamustine t-butyl ester.

Experiments were performed using traditional Fisher

esterfication reaction conditions required for the formation of

t-butyl ester of bendamustine. Bendamustine was heated in

60° C. TBA with F1C1 for 20 hours. No reaction was observed.

This result indicated that it would be very difficult to form the

tert-butyl ester ofbendamustine during the fill/finish process.

No new impurities in drug product manufactured from TBA

have been observed in stability studies to date.

To aid in the testing of the drug product, synthetic routes

using more reactive sources ofthe t-butyl moiety were devel

oped. Another attempt to make tert-butyl ester was carried out

by formation of the acyl chloride ofbendamustine. A suspen

sion ofbendamustine in methylene chloride was treated with

oxalyl chloride and N,N-dimethylformamide. After acyl

chloride was formed, the solvent was concentrated. The resi

due was added to methylene chloride, tert-butanol, triethy-

lamine, and 4-dimethylaminopyridine and the mixture was

stirred at room temperature overnight. After adding all sol

vents and purification, an unknown compound was given. The

EC-MS did not match the molecular weight ofbendamustine

tert-butyl ester and the proton NMR did not showed the peak

for tert-butyl. Therefore, this attempt also failed to produce

the bendamustine tert-butyl ester. Thus, using TBA as the

co-solvent has an additional benefit of not forming the ester

from the alcohol.

Example 6

Lyophilization Cycle Development

Numerous lyophilization cycles were performed to evalu

ate the critical stages of lyophilization and achieve the most

efficient drying cycle. Experiments were performed to evalu

ate the effect ofthe freezing rate, primary drying temperature,

time, and pressure on the product.

A. Freezing Rate

The literature reports that TBA adopts different crystal

forms depending on the freeze rate. In some TBA solutions,

the slower the product froze, the quicker it dried. Larger

crystals formed during slow freezing producing bigger pores

allowing more efficient sublimation. Flowever, during studies

with bendamustine, the freezing rate was not found to be a

critical processing parameter when evaluated at 2 and 8 hours .

B. Primary and Secondary Drying

During the first attempts to lyophilize from 30% TBA

solutions, the lyophilized cake fractured and powder was

ejected from the vial. These cakes appeared to contain amor

phous particles within the lyophilate, an indication of melt

back. This phenomenon was reproducible and occurred when

the product reached about -10° C. (refer to FIG. 5) indepen

dent of the warming rate. Several variables were tested to

determine the cause and solution to the problem ofthe powder

ejection. The pressure was raised from 50 pm to 150 pm

during primary drying, but powder ej ection was still observed

but to a lesser extent. This experiment was then repeated

except the freezing rate was extended to 8 hours from 2 hours .

This change had no effect.

10

15

25

The length of primary drying was next evaluated. For

example, the following very slow drying cycle was evaluated:

freezing from +25° C. to -50° C. in eight hours; holding at

-50° C. for 5 hours, warming and drying from -50° C. to -25°

C. in seven hours; holding for twenty hours at -25° C., warm

ing and drying from -25° C. to -15° C. in two hours and

holding for twenty hours at -15° C., warming and drying

from -15° C. to 40° C. in six hours and holding for twenty

hours at 40° C. while maintaining a chamber pressure of 1 50

pm throughout drying. No powder ejection (FIG. 5) was

observed. This cycle resulted in a well-formed cake without

fracture that reconstituted readily. Without wishing to be

bound to a particular theory, the problems with powder ejec

tion and difficulty with reconstitution may be the result of

drying the lyophilate too quickly, thus resulting in strong

vapor flow out of the cake as well as melt back. With the use

ofa less aggressive drying cycle an aesthetic, stable, and easy

to reconstitute cake was reproducibly formed. Thus, remov

ing all unbound water and tertiary-butyl alcohol prior to sec

ondary drying may prevent melt back as well as powder

ejection. The lyophilization cycle was further optimized

under these gentle conditions (FIG. 5). There were no imme

diate degradation products as a result of drying at 40° C. for

up to 20 hours.

Example 7

Lyophilization Cycle

30

35

40

45

50

55

60

65

Step Description Time (Hour) Temperature (0 C.)

Pressure

(Microns)

1 Hold 0.25 5° C. 	

2 Ramp 8 -50° C. —

3 Hold 4 -50° C. —

4 Ramp 3 -20° C. 150

5 Hold 6 -20° C. 150

6 Ramp 1 -15° C. 150

7 Hold 20 -15° C. 150

8 Ramp 0.5 -12° C. 150

9 Hold 15.5 -12 C. 150

10 Ramp 15 35 C. 50

11 Hold 10 35° C. 50

12 Ramp 1 40 C. 50

Hold 5 40 C. 50

Total 89.25 — —

All of the compositions and methods disclosed and

claimed herein can be made and executed without undue

experimentation in light of the present disclosure. While the

compositions and methods of this invention have been

described in terms ofpreferred embodiments, it will be appar

ent to those ofskill in the art that variations may be applied to

the compositions and methods and in the steps or in the

sequence of steps of the method described herein without

departing from the spirit and scope of the invention. More

specifically, it will be apparent that certain solvents which are

both chemically and physiologically related to the solvents

disclosed herein may be substituted for the solvents described

herein while the same or similar results would be achieved.

All such similar substitutes and modifications apparent to

those skilled in the art are deemed to be within the spirit and

scope of the invention as defined by the appended claims.

All patents, patent applications, and publications men

tioned in the specification are indicative of the levels of those

ofordinary skill in the art to which the invention pertains. All
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patents, patent applications, and publications are herein

incorporated by reference to the same extent as if each indi

vidual publication was specifically and individually indicated

to be incorporated by reference.

The invention illustratively described herein suitably may 5

be practiced in the absence of any element(s) not specifically

disclosed herein. Thus, for example, in each instance herein

any of the terms "comprising", "consisting essentially of,

and "consisting of may be replaced with either of the other

two terms. The terms and expressions which have been 10

employed are used as terms of description and not of limita

tion, and there is no intention that in the use of such terms and

expressions of excluding any equivalents of the features

shown and described or portions thereof, but it is recognized

that various modifications are possible within the scope ofthe 15

invention claimed. Thus, it should be understood that

although the present invention has been specifically disclosed

by preferred embodiments and optional features, modifica

tion and variation of the concepts herein disclosed may be

resorted to by those skilled in the art, and that such modifi- 20

cations and variations are considered to be within the scope of

this invention as defined by the appended claims.

What is claimed is:

1. A stable lyophilized preparation comprising bendamus-

tine hydrochloride, mannitol, and a trace amount of tertiary-

butyl alcohol (TBA), wherein the ratio by weight of benda-

mustine hydrochloride to mannitol is 15:25.5.

2. The stable lyophilized preparation of claim 1 in a vial

containing 25 mg bendamustine hydrochloride.

3. The stable lyophilized preparation of claim 1 in a vial

containing 100 mg bendamustine hydrochloride.

4. A stable lyophilized preparation comprising bendamus

tine hydrochloride and mannitol in a ratio by weight of about

15:25.5, wherein the preparation is obtained by a process

comprising:

a) preparing a composition comprising bendamustine

hydrochloride, mannitol, tertiary-butyl alcohol and

water, wherein the bendamustine hydrochloride and

mannitol are present in the ratio by weight of about

15:25.5, and

b) lyophilizing the composition from step a) to obtain the

preparation.
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