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FORM 7A 

THE PATENTS ACT, 1970 (39 OF 1970) 

AND 

THE PATENTS RULES, 2003 

REPRESENTATION FOR OPPOSTION TO GRANT OF PATENT 

(See Rule 55) 

 

I/We, (Ms.) Poonam SINGH, an Indian citizen, resident of 1552, Crema, Mahagun 

Moderne, Sector 78, Noida 201301, India, hereby give representation by way of 

opposition to the grant of patent in respect of application no. 4309/DELNP/2006 dated 

July 26, 2006 made by BRISTOL-MYERS SQUIBB HOLDINGS IRELAND and 

published on July 13, 2007.  

on the grounds  

a. Section 25(1)(b): that the invention so far as claimed in any claim of the complete 

specification has been published before the priority date of the claim- (i) in any 

specification filed in pursuance of an application for a patent made in India on or 

after the 1st day of January, 1912; or (ii) in India or elsewhere, in any other 

document; Provided that the grounds specified in sub-clause (ii) shall not be 

available where such publication does not constitute an anticipation of the 

invention by virtue of sub-section (2) or sub-section (3) of section 29. 

 

b. Section 25(1)(c): that the invention so far as claimed in any claim of the complete 

specification is claimed in a claim or a complete specification published on or 

after priority date of the applicant’s claim and filed in pursuance of an application 
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for a patent in India, being a claim of which the priority date is earlier than that of 

the applicant’s claim.  

 

c. Section 25(1)(e): that the invention so far as claimed in any claim of the complete 

specification is obvious and clearly does not involve any inventive step, having 

regard to the matter published as mentioned in clause (b) or having regard to what 

was used in India before the priority date of the applicant’s claim. 

 

d. Section 25(1)(f):  that the subject of any claim of the complete specification is not 

an invention within the meaning of this Act, or is not patentable under this Act. 

 

e. Section 25(1)(g):  that the complete specification does not sufficiently  and clearly 

describe the invention or the method by which it is to be performed. 

 

My/our address for service in India is: Saikrishna & Associates, B – 140, Sector – 51, 

NOIDA - 201301 

 

   Garima SAHNEY 

IN/PA-1826 

Agent of the Opponent 

To 

The Controller of Patents, 

The Patent Office at Delhi 
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BEFORE THE CONTROLLER OF PATENTS 

DELHI 

REPRESENTATION FOR OPPOSITION TO GRANT OF PATENT 

 

IN THE MATTER OF: 

A representation for opposition to grant of patent under Section 25(1) of the Patents Act, 

1970 as amended by the Patents (Amendment) Act 2005 (“hereinafter referred to as “The 

Act”) and Rule 55 of the Patent Rules 2003 as amended by the Patents (Amendment) 

Rules 2006 (hereinafter referred to as “The Rules”) by (Ms.) Poonam SINGH of 1552, 

Crema, Mahagun Moderne, Sector 78, Noida 201301, India 

Opponent 

And 

IN THE MATTER OF: 

Indian Patent Application No. 4309/DELNP/2006 filed on 26/07/2006 by BRISTOL-

MYERS SQUIBB HOLDINGS IRELAND of Hinterbergstrasse 16, 6312 

Steinhausen, Switzerland. 

 Applicant 
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WRITTEN STATEMENT 

 

A. BACKGROND OF THE OPPONENT 

 

1.  I, (Ms.) Poonam SINGH, of 1552, Crema, Mahagun Moderne, Sector 78, Noida 

201301, India (hereinafter called “Opponent”), make the following statements in 

support of the grounds of opposition submitted by me in opposing the grant of the 

patent application. 

 

B. INDIAN PATENT APPLICATION NO. 4309/DELNP/2006 

 

2. The impugned patent application no. 4309/DELNP/2006 (hereinafter referred to as the 

“’4309 application”) was filed on July 26, 2006. The impugned ‘4309 application 

titled “A CRYTALLINE MONOHYDRATE OF THE COMPOUND OF FORMULA (IV) 

AND A PROCESS FOR PREPARING THE SAME” corresponds to PCT International 

Application No. PCT/US2005/003728 dated February 04, 2005, claiming priority from 

US patent application numbers 60/542,490 dated 06/02/2004 and 60/624,937 dated 

04/11/2004. The impugned’4309 application was published by the Indian Patent Office 

(IPO) on July 13, 2007. 

 

C. THE ‘4309 APPLICATION 

 

3. For the purpose of this pre-grant opposition, the Opponent has obtained a copy of the 

impugned ‘4309 application (specification, as-filed claims and drawings) from the 

IPAIRS (Indian Patent Application Information Retrieval System) database made 

available by the IPO on its official website. The same is annexed herewith as 

Annexure 1. 
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4. The claims below represent the presently pending claims filed by the Applicant (dated 

18/09/2014) in respect of the impugned ‘4309 application in response to Hearing 

proceedings u/S 14 of the Act (Annexure 2). 

 

1. Crystalline butanol solvate of the compound of formula (IV) 

 
2. The compound as claimed in claim 1, characterized by unit cell parameters 

approximately equal to the following: 

Cell dimensions: a(Å)=22.8102(6); 

      b(Å)=8.4691(3); 

                  c(Å)=15.1436(5);  

Volume=2910.5(2)Å 

Space group=P21/a 

Molecules/unit cell:4 

Density (calculated)(g/cm3):1.283. 

 

3. Crystalline ethanol solvate of the compound of formula (IV) 

 
which is characterized by x-ray powder diffraction pattern 

(CuKaλ=1.5418Å at a temperature of about 23°C) comprising four or more 

29 values selected from the group consisting of : 5.8±0.2, 11.3±0.2, 

15.8±0.2, 17.2±0.2, 19.5±0.2, 24.1±0.2, 25.3±0.2 and 26.2±0.2. 
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4. The compound as claimed in claims 1 to 3, wherein the compound is 

substantially pure. 

 

5. A sequence of relevant events for the impugned ‘4309 application has been captured in 

the table below based on information as available on the IPO website. 

S.No. Event Date 

1 Filing of the application 26/07/2006 

2 Request of Examination 28/12/2007 

3 FER issuance date  09/03/2011 

4 Filing of opposition u/S25(1) by Natco Pharma Ltd. 06/01/2012 

5 Filing of reply statement by Applicant to opposition filed 

by Natco Pharma Ltd. 

22/11/2013 

6 Filing of opposition u/S25(1) by BDR Pharmaceutical 

International Private Limited, India 

22/11/2013 

7 Hearing u/S 14 with respect to 4309/DELNP/2006 05/08/2014 

8 Filing of written submission along  with amended claims 

by the Applicant in response to hearing u/S 14 

18/09/2014 

Current Status of the application: “Under Process” 

 

D. TECHNICAL BACKGROUND OF THE SUBJECT MATTER  

 

6. The invention claimed in the impugned ‘4309 application essentially relates to 

crystalline monohydrate, and crystalline solvates of the compound of Formula (IV) 
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(('N-(2-Chloro-6-methylphenyl)-2-[[6-[4-(2-hydroxyethyl)-1-piperazinyl]-2-methyl-4-

pyrimidinyl]amino]-5-thiazolecarboxamide) (commonly known as Dasatinib). 

 

7. More specifically, crystalline butanol solvate of Dasatinib and crystalline ethanol 

solvate of Dasatinib are claimed in the impugned ‘4309 application.  

 

8. Dasatinib was previously disclosed in PCT application number PCT/US2000/09753 

(Applicant: Bristol-Myers Squibb Co.) claiming priority from US Patent application 

60/129,510 dated 15/04/1999. 

 

E. GROUNDS FOR OPPOSITION  

 

9. The Opponent submits that the impugned ’4309 application is not patentable and 

therefore the grant of the patent ought to be refused. The Opponent relies upon the 

following grounds in the instant pre-grant opposition –  

 

a. Section 25(1)(b): that the invention so far as claimed in any claim of the complete 

specification has been published before the priority date of the claim- (i) in any 

specification filed in pursuance of an application for a patent made in India on or 

after the 1st day of January, 1912; or (ii) in India or elsewhere, in any other 

document; Provided that the grounds specified in sub-clause (ii) shall not be 

available where such publication does not constitute an anticipation of the 

invention by virtue of sub-section (2) or sub-section (3) of section 29. 

 

b. Section 25(1)(c): that the invention so far as claimed in any claim of the complete 

specification is claimed in a claim or a complete specification published on or 

after priority date of the applicant’s claim and filed in pursuance of an application 

for a patent in India, being a claim of which the priority date is earlier than that of 

the applicant’s claim. 
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c. Section 25(1)(e): that the invention so far as claimed in any claim of the complete 

specification is obvious and clearly does not involve any inventive step, having 

regard to the matter published as mentioned in clause (b) or having regard to what 

was used in India before the priority date of the applicant’s claim. 

 

d. Section 25(1)(f):  that the subject of any claim of the complete specification is not 

an invention within the meaning of this Act, or is not patentable under this Act. 

 

e. Section 25(1)(g):  that the complete specification does not sufficiently  and clearly 

describe the invention or the method by which it is to be performed. 

 

F. SECTION 25(1)(b)/(c) 

 

10. It is stated that US patent no. 6,596,746 (Annexure 3) filed on 13/04/2000 (claiming 

priority from US application no. 60/129,510 dated of 15/04/1999) in claim 43, claims 

Dasatinib free base and salts thereof, while Example 455 discloses method of 

preparation of Dasatinib. Secondly, line 1 of page 6, col 7 of US patent no. 6,596,746 

generically discloses that solvates of the compounds of the invention are also 

contemplated. The Indian patent IN203937 (Annexure 4), which is the Indian 

counterpart of US patent no. 6,596,746, specifically in claim 7 claims for Dasatinib 

free base and salts thereof. Solvates are also disclosed in page 13 of the Indian patent 

IN203937. Though US patent no. 6,596,746 and Indian patent IN203937 both are 

surreptitiously silent on crystalline forms of the solvates, neither the US patent no. 

6,596,746 nor the Indian patent IN203937 discloses whether Dasatinib free base or 

Dasatinib solvates thus obtained are in amorphous form or crystalline form.  

 

11. It is understood by a person skilled in the art that mere exclusion of any specific 

disclosure of crystalline forms or solvates, which is otherwise plainly obvious, cannot 

be strictly construed to be non-exclusionary within the scope of the intended patent. 

This is particularly relevant to pharmaceutical compounds, which are advantageous in 



9 
 

crystalline forms and/or solvates (including hydrates). Furthermore, for establishing 

anticipation, there is no statutory requirement for enabling disclosure in the prior art.  

 

12. Reliance is placed upon the order by Justice Pathak of the Hon’able Delhi High Court 

in Merck Sharp & Dohme Corporation & Anr. v Glenmark Pharmaceuticals Ltd. 

CS(OS) 586/2013 (Annexure 5), wherein it was held that a general disclosure of 

Sitagliptin (active compound free base) and its various salt forms, including the 

generic disclosure of Sitagliptin phosphate is sufficient for a patent to have deemed 

disclosed the polymorph Sitagliptin monophosphate monohydrate and that no novelty 

or inventive step lies in a subsequent selection of a particular salt form as it is obvious 

in view of the disclosure. 

 

13. Similar to the facts and circumstances in the aforementioned decision by the Delhi 

High Court, parallels can be drawn to the claims of the impugned ‘4309 application, 

wherein the question is whether crystalline butanol or ethanol solvate of Dasatinib are 

disclosed in US patent no. 6,596,746 or Indian patent IN203937. It is opined by the 

Opponent that based on the order by Justice Pathak, once a free base of a compound 

(Dasatinib) and its various salts are disclosed in any prior patent application, it is 

understood that identification/selection of solvates and/or polymorphs (crystalline 

form) are a matter of routine experimentation, thus no novelty lies in such a selection 

of a particular form of a known compound. 

 

14.  Therefore, based on the arguments above, the Opponent states that the pending claims 

ought to be rejected on this ground alone. 

 

G. SECTION 25(1)(e)  

 

15. The Opponent understands that a claimed invention has to conform to the requirements 

of Section 2(1)(ja) of the Act, under which, the claimed invention has to independently 
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satisfy the requirement of technical advance as compared to the existing knowledge 

and not be obvious to a person skilled in the art. 

  

16. It is firstly stated that the claimed solvates of the impugned ‘4309 application are 

obvious to a person skilled in the relevant art. The Opponent reasons that US patent 

no. 6,596,746 reveals Dasatinib free base. It is also known in the art that solvates 

and/or polymorphs are generally favored over free base forms of active compounds 

due to advantageous physiochemical properties of solvates such as, but not limited to 

stability, solubility, scalability in manufacturing process, and processability (Haleblian 

et al., Journal of Pharmaceutical Sciences, 1969, vol. 58, page 911-929) (Annexure 

6). Not only are the potential advantages of solvates and/or polymorphs known, 

methodologies employed to obtain solvates and/or polymorphs (such as crystals 

thereof) are also quite well known in the art.  

 

17. Further reliance in support of the obviousness nature of the claimed invention is placed 

on FDA Guidelines entitled Solid-State Drug Substance Forms: Relationship to 

Bioavailability (Annexure 7), based on which it is evident that by the time of 

submission of an application to the FDA, the Applicant shall have established whether 

the active substance exists in various physical forms and whether such forms affect the 

dissolution and bioavailability of the drug. Therefore, it is routine for the Applicant to 

study such matters for the active substance in question. FDA Guidelines also 

specifically addresses the issue of polymorphs and choice of solvents. Therefore, 

crystalline solvates are a matter of routine experimentation which is obvious in nature 

in which no ingenuity lies.  

 

18. Further reliance is also placed on ICH Harmonized Tripartite Guideline (Annexure 8), 

wherein polymorphs, including crystalline forms are addressed (which include solvates 

and hydrates) and how differences in forms can affect any one or more of drug 

performance, bioavailability, and stability. Therefore, it is evident from Annexure 8 
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that the Applicant would routinely test for polymorphs and thus no ingenuity lies in 

subsequent identification of the same.  

 

19. Reliance is also placed on Byrn et. al. (Annexure 9), wherein the article provides 

decision trees and flow charts to follow to arrive at solid state forms (particular 

reference to page 949, figure 6 which discloses flow chart for solvates and hydrates). 

From the teachings of each of the documents referenced is this para, individually or in 

any combination, it is clear that the claimed invention is a matter of routine 

experimentation and is obvious. 

 

20. In fact, the routine nature of such an exercise has been acknowledged by the Applicant 

himself in the expert affidavit filed as part of the reply statement (Annexure 10) to 

representation for opposition filed by Natco Pharma Ltd. Particular attention is drawn 

to para 7 of the expert affidavit wherein it is stated that “…traditional wet chemistry 

experiments performed sequentially and automated via robotics”. Further evidence of 

the obvious nature of the claimed crystalline solvates is evident from Annex 1 of the 

expert affidavit accompanying the reply statement, wherein it can be seen that a 

solvent system containing butanol or ethanol expectedly results in formation of 

crystals of Dasatinib solvates. 

 

21. Therefore, the Opponent opines that based on the foregoing discussions, the claims of 

the impugned ‘4309 application ought to be rejected on this ground alone as crystalline 

solvates of Dasatinib are obvious in light of the fact that Dasatinib and its salts were 

already known in the prior art. 

 

22. Notwithstanding the above, it is secondly stated that the claimed crystalline solvates of 

the impugned ‘4309 application lack any demonstrated technical advancement as 

compared to the existing knowledge for at least the following reasons.  
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23. Firstly, the Opponent states that as stated in the reply statement filed by the Applicant 

in response to representation for opposition filed by Natco Pharma Ltd, the Applicant 

(by way of expert affidavit) has declared that “stable solvates have the disadvantage of 

carrying along various amounts of the solvent system from which they are crystallized. 

This lowers drug loading, and has potential toxicological implications. A stable 

solvate of a pharmaceutically acceptable solvent would be considered as an 

acceptable form. However, a non-solvated form would be preferred”. Therefore, if one 

were to consider the free base form of Dasatinib as existing knowledge, the averments 

of the Applicant made in Annexure 10 make it abundantly clear that the solvates are 

inferior in terms of drug loading, have toxicological implications, and that non-

solvated crystalline forms (preferably hydrates) are preferred. Thus, the claimed 

crystalline butanol or ethanol solvates of Dasatinib lack technical advance in view of 

what is known in the art. 

 

24. Secondly, the Opponent states that the Applicant has not provided any empirical 

evidence so as to the technical advance demonstrated by the claimed crystalline 

butanol or ethanol solvates of Dasatinib over amorphous Dasatinib known in the art. In 

the absence of any experimental evidence, the Applicant has failed to unequivocally 

establish the technical advance of the claimed polymorphic solvates over existing 

knowledge (Dasatinib). 

 

25. Thirdly, the Opponent states that the Applicant in his communication to the Indian 

Patent Office dated 05/08/2014 (Annexure 11) has stated that the claimed crystalline 

butanol or ethanol solvates of Dasatinib are “…..used as intermediates in the 

preparation of the crystalline monohydrate form of Dasatinib”. In page 21, lines 25-27 

of the impugned ‘4309 application, it is disclosed that “The process provides an 

efficient route for….., essentially in one step and in high yield…”. As per the 

Applicant’s own admission, since crystalline monohydrate form of Dasatinib is made 

essentially in one step, it is unclear as to how crystalline butanol or ethanol solvate of 
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Dasatinib lends to any technical advance to the process of making crystalline 

monohydrate form of Dasatinib.  

 

26. Notwithstanding the above, since the claimed method of making crystalline 

monohydrate form of Dasatinib is essentially a one step process, it is understood by a 

person skilled in the art that crystalline butanol or ethanol solvates of Dasatinib would 

be transient in nature and thus cannot be, for any practical purpose, be considered as 

intermediates used or useful in the preparation of crystalline monohydrate form of 

Dasatinib.  

 

27. The term “used” implies that the crystalline butanol or ethanol solvates of Dasatinib 

are stable isolates for making crystalline monohydrate form of Dasatinib, however, 

none of the examples disclosed provide any method or actionable roadmap as to how 

to make crystalline monohydrate form of Dasatinib starting with or involving isolating 

crystalline butanol or ethanol solvates of Dasatinib. Therefore, no technical advance 

can be attributed to the crystalline butanol or ethanol solvates of Dasatinib.  

 

28. Furthermore, in the reply statement by the Applicant filed in response to the 

representation for opposition filed by Natco Pharma Ltd., the Applicant has stated that 

“The butanolate is chemically stable and non-hygroscopic, with yields and 

manufacturing processes that are consistent, rugged and reproducible across a variety 

of scales”. However, the Opponent opines that the said statements are mere bald 

statements as no validation data has been provided in support of the sweeping 

statements made. 

 

29. Further reliance in support of apparent lack of establishment of any purported 

technical advance of the claimed crystalline butanol or ethanol solvate of Dasatinib is 

placed on Opposition proceedings initiated against the Applicant by Apotex Inc. with 

regard to the European patent 1 711 481, which is the European counterpart to the 

impugned ‘4309 application. In the Notice of Opposition filed by Apotex Inc. 
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(Annexure 12). As seen from the said Notice of Opposition, similar questions were 

raised by the Opponent (Apotex Inc.) on lack of therapeutic utility, no proper showing 

of technical effects, and no proper basis of comparison. The validity of the opposition 

grounds can be appreciated by the fact that the Applicant cancelled any and all claims 

to crystalline solvate forms of Dasatinib in the presently as maintained European 

patent 1 711 481 (Annexure 13),  

 

30. Therefore, the Opponent asserts that the claims of the invention of the impugned ‘4309 

application ought to be rejected on this ground alone as crystalline solvates of 

Dasatinib are devoid of any technical merit. 

 

31. Overall, for the reasons mentioned herewith, the claims ought to be rejected on this 

ground alone that the claimed crystalline solvates lack any inventive step and are 

obvious to a person skilled in the art. 

 

H. SECTION 25(1)(f)  

 

32. It is firstly stated that pending claims 3 and 4, independently, are not an invention 

within the meaning of Section 59 of the Act. The Opponent states that said pending 

claim 3 was not originally claimed at the time of filing of the national phase 

application (Annexure 14). The said pending claim 3 was subsequently introduced as 

claim 13 in claim amendments dated 02/01/2008 (Annexure 15). 

 

Section 59, “…..no amendment of a complete specification shall be allowed, the effect 

of which would be that…or that any claim of the specification as 

amended would not fall wholly within the scope of a claim of the 

specification before the amendment”. 

 

Additionally, as provided in the Manual of Patent Office Practice and Procedure, 

chapter 05.03.14 under the heading of “Significance of Claims” that “What is not 



15 
 

claimed in the ‘claims’ stands disclaimed and is open to public use, even if the 

matter is disclosed in the description”.     

 

33. Based on the statutory requirements as stipulated u/S 59 of the Act, and as per chapter 

05.03.14 of the Manual of Patent Office Practice and Procedure, read jointly and 

independently, the Opponent implores that pending claims 3 and 4 ought to be rejected 

in toto on this ground alone. 

 

34. It is secondly stated that the pending independent claims 1 and 3; and dependent 

claims 2 and 4 are not patentable u/S 3(d) of the Act. 

 

Section 3(d): the mere discovery of a new form of a known substance which does 

not result in the enhancement of the known efficacy of that substance 

or the mere discovery of any new property or new use for a known 

substance or of the mere use of a known process, machine or 

apparatus unless such known process results in a new product or 

employs at least one new reactant”. Explanation – For the purposes 

of this clause, salts, esters, ethers, polymorphs, metabolites, pure 

form, particle size, isomers, mixtures of isomers, complexes, 

combinations and other derivatives of known substance shall be 

considered to be the same substance, unless they differ significantly in 

properties with regard to efficacy 

 

35.  The Opponent states that the compound of formula (IV) ('N-(2-Chloro-6-

methylphenyl)-2-[[6-[4-(2-hydroxyethyl)-1-piperazinyl]-2-methyl-4-

pyrimidinyl]amino]-5-thiazolecarboxamide) (commonly known as Dasatinib) has been 

previously disclosed in US patent no. 6,596,746 filed on 13/04/2000, claiming priority 

from US application no. 60/129,510 dated of 15/04/1999. The compound of pending 

claim 1 or pending claim 3 is nothing but a polymorph of the compound disclosed in 

Annexure 3 (compound of Example 455, and claim 43), therefore, for the purposes of 
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application of Section 3(d) of the Act, Dasatinib as disclosed in Annexure 3 is to be 

considered as the known compound. Independently, line 1 of page 153, col. 7 discloses 

that solvates of the compounds of the invention are also contemplated, therefore, for 

the purpose of application of Section 3(d) of the Act, solvates of Dasatinib may 

alternatively be considered as the known compound. 

 

36. The Opponent understands that for a polymorph or crystalline form of a known 

substance to be patentable, it is obligatory for the polymorph or the crystalline form of 

the known substance to overcome the bar of Section 3(d) by demonstrating 

“therapeutic” efficacy as expounded by the Supreme Court in Novartis Ag v. Union of 

India (2013) 6 SCC 1. It is firstly stated by the Opponent that the impugned ‘4309 

application does not disclose or provide an iota of experimental evidence to suggest 

that the claimed polymorphs or crystalline forms thereof are in any way therapeutically 

effective compared to Dasatinib as known previously in the art. 

 

37. Without prejudice to the above, the Opponent further states that as per the Applicants 

own admission, the claimed polymorphs of Dasatinib of pending claim 1 and 3 of the 

impugned ‘4309 application are mere intermediates used in the preparation of the 

crystalline monohydrate form of Dasatinib (Applicant communication to the Indian 

Patent Office dated 05/08/2014). Furthermore, the Opponent notes that the Applicant 

in his reply statement filed on 22/11/2013 in response to representation for opposition 

u/S 25(1) filed by Natco Pharma Ltd. (Annexure 16) has provided an expert affidavit 

of one George M. Derbin, wherein supporting evidence has been provided which 

allegedly establishes the suitability and stability of the crystalline monohydrate form 

over the free base as disclosed in Annexure 3. However, it is opined that none of the 

data as presented in the expert affidavit is indicative of therapeutic efficacy and thus 

does not overcome the bar of Section 3(d).  

 

38. In fact, it is to be pointed out that the data presented in the expert affidavit is in relation 

to the crystalline monohydrate form and not the crystalline butanol solvate or 
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crystalline ethanol solvate as claimed in the impugned ‘4309 application. Furthermore, 

as per the admission of the expert, “stable solvates have the disadvantage of carrying 

along various amounts of the solvent system from which they are crystallized. This 

lowers drug loading, and has potential toxicological implications. A stable solvate of a 

pharmaceutically acceptable solvent would be considered as an acceptable form. 

However, a non-solvated form would be preferred”. Thus, it is made abundantly clear 

by the Applicant’s own admission that the solvated polymorphs show reduced 

efficacy, let alone any therapeutic efficacy. Therefore, the Applicant is estopped from 

claiming any technical advancement, efficacy or therapeutic efficacy of the solvated 

polymorphs of Dasatinib. 

  

39. The Opponent also notes that in Annexure 10, the Applicant has attempted to trivialize 

and dilute the provisions of Section 3(d), which function to discourage “evergreening” 

of patents by playing on the term “discovery” used in Section 3(d) that “…discovery is 

finding of something which already existed”. The Applicant has attempted to nullify 

the true intent and meaning of Section 3(d) by playing on the term “mere discovery”. 

Therefore, the assertion of the Applicant that Section 3(d) is not applicable is 

unfounded and seeks to defeat the very purpose of Section 3(d), which ought to be 

rejected outright. 

  

40. The Opponent states that it is amply clear from the conduct of the Applicant that the 

impugned ‘4309 application has been filed solely to extend the monopoly period of 

Dasatinib and keep the substance from falling into the hands of the public. The 

Opponent asserts that the conduct of the Applicant reveals that the Applicant in the 

present instance is attempting to do what the Applicant cannot do overtly and ethically, 

is instead trying to do by subversion. 

 

41. Therefore, the claims ought to be rejected on this ground alone. 
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42. Thirdly, the Opponent states the claimed invention of the impugned ‘4309 application 

is not an invention as defined u/S 2(1)(j) of the Act as it lacks industrial application.  

 

Section 2(1)(j): “invention” mean a new product or process involving an inventive 

step and capable of industrial application” 

  

43. The Opponent reasons that the Applicant has made contradictory statements with 

regard to the utility of the claimed crystalline solvates of the impugned ‘4309 

application. For instance, the impugned ‘4309 application in page 34, lines 15-18 

discloses “In another embodiment, the present invention describes a pharmaceutical 

composition comprising a therapeutically effective amount of at least one of the 

crystalline forms of the compound of Formula (IV) and a pharmaceutically acceptable 

carrier”.  

 

44. In another instance, the impugned ‘4309 application in page 34, lines 19-22 discloses 

“In another embodiment, the present invention describes a method for the treatment 

for cancer which comprises administering to a host in need of such treatment a 

therapeutically effective amount of at least one of the crystalline forms of the 

compound of Formula (IV)”.  

 

45. In still another instance, the impugned ‘4309 application in page 34, lines 23-25 

discloses “In another….a method of treating oncological disorders which comprises 

administering to a host in need of such treatment a therapeutically effective amount of 

at least one of the crystalline forms of the compound of formula (IV)……”.  

 

46. The impugned ‘4309 application in page 35, lines 4-8 discloses “….a therapeutically 

effective amount of the compound of formula (IV) or at least one of the crystalline 

forms of the compound of Formula (IV)”.  
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47. Furthermore, in the “UTILITY” subsection on page 35, it is mentioned that crystalline 

forms are useful in the treatment of patients resistant or intolerant to Gleevec®. Based 

on any of these disclosures, it can be appreciated that the Applicant claims that the 

crystalline forms (including crystalline butanol or ethanol solvate of Dasatinib) are 

useful as medicaments.  

 

48. However, in a complete reversal of stand, the Applicant in his submissions  has stated 

that “stable solvates have the disadvantage of carrying along various amounts of the 

solvent system from which they are crystallized. This lowers drug loading, and has 

potential toxicological implications. A stable solvate of a pharmaceutically acceptable 

solvent would be considered as an acceptable form. However, a non-solvated form 

would be preferred”.  

 

49. A comparison of each of the statements made by the Applicant in the impugned ‘4309 

application and in the expert affidavit reveals the contradiction, as per the expert 

admission, solvate forms clearly have no utility compared to non-solvated forms which 

are preferred (crystalline Dasatinib monohydrate or amorphous forms). 

  

50. Notwithstanding the above, the Opponent states that the Applicant nowhere in the 

impugned ‘4309 application has disclosed the application of crystalline ethanol solvate 

of Dasatinib nor in the reply statement filed in response to the Natco Pharma Ltd. 

opposition has adduced any evidence to suggest the technical utility of crystalline 

ethanol solvate of Dasatinib in manufacture of crystalline Dasatinib monohydrate.  

 

51. Similarly, the Applicant has also failed to provide any empirical data in the impugned 

‘4309 application or during its continued prosecution, which would attempt to 

establish the application of the claimed crystalline butanol solvate of Dasatinib, thus 

suggestive of the fact that the Applicant was not in possession of the claimed invention 

with any purported utility. The Opponent stresses that mere description of any 
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purported application of a claimed invention lacking evidence cannot be deemed to 

satisfy the requirement of industrial applicability.  

 

52. Therefore, the claims ought to be rejected on this ground alone.  

 

I. SECTION 25(1)(g) 

 

53. The Opponent states that the pending claims 1 to 4 are in conflict with Section 

10(4)(b) of the Act. 

Section 10(4)(b): Every complete specification shall -  disclose the best method of 

performing the invention which is known to the applicant and for 

which he is entitled to claim protection”. 

54. Dasatinib monohydrate anhydrous is the preferred form of the compound of Formula 

(IV) which has been clinically tested and approved by the FDA. This fact is already 

known to the Applicant. Reliance is placed on Hochhaus et. al. The development of 

Dasatinib as a treatment  for chronic myeloid leukemia (CML): from initial studies to 

application in newly diagnosed patients. 2013 (Annexure 17), and Quitnas-Cardama 

et. al. Dynamics and Management of Cytopenias Asscociated with Dasatinib Therapy 

in Patients with Chronic Myeloid Leukemia in Chronic Phase after Imanitib Failure. 

2009 (Annexure 18), each of which clearly indicates that Dasatinib was part of 

clinical trials starting November 2003.  

 

55. Therefore, it logically flows that the best method of performing the invention known to 

the Applicant for which he is entitled to claim protection for the purposes of Section 

10(4)(b) and the impugned ‘4309 application would be potential polymorphs of 

Dasatinib monohydrate (such as crystalline form) and not solvates thereof.  

 

56. Reliance for the assertion that polymorphs of Dasatinib monohydrate would be 

preferable is based on the reply statement filed by the Applicant to representation for 
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opposition filed by Natco Pharama Ltd., wherein in para 35-41, the advantages of 

crystalline Dasatinib monohydrate are clearly laid out. Furthermore, the Applicant has 

not provided any data to indicate the superiority of the crystalline solvates of Dasatinib 

over crystalline Dasatinib monohydrate or Dasatinib free base or non crystalline 

solvates for that matter. 

 

57. Therefore, the pending claims 1 through 4 are clearly and unambiguously not 

representative of the ‘best method known to the Applicant for which he is entitled to 

claim protection’ and the claims ought to be rejected on this ground alone. 

 

RELIEF SOUGHT: 

58. The Opponent states that it has established and made out a case on each of the 

aforesaid grounds of opposition and pray to the Learned Controller for the following 

relief(s): 

 

(a) Take on record the present representation; 

(b) Leave to file further evidence; 

(c) Opportunity to be heard; 

(d) Refusal of the ‘22 application in toto; and 

(e) Such other relief(s) as the Learned Controller may deem appropriate. 
 

Dated this 15th day of January 2018 

 

Garima SAHNEY 

IN/PA/1826 
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CLAIMS

What we claim is:

1. A process for preparing a compound having the formula (I),

O (I),

wherein L, Ar, R2, R3, R4, R5, and m are as defined below, comprising reacting

a compound having the formula (II),

R3 VN

^ R2Q (ID,
wherein Q is the group -O-P*, wherein P* is selected so that, when

considered together with the oxygen atom to which P* is attached, Q is a leaving

group, and Ar, L, R2, R3, and m are as defined below,

with a halogenating reagent followed by a thiourea compound having the

formula (III),

s

("I)

wherein, R4 and R5 are as defined below,

to provide the compound of formula (I),

Rs ° (I),

wherein,

Ar is the same in formulae (I) and (II) and is aryl or heteroaryl;

L is the same in formulae (I) and (II) and is optionally-substituted alkylene;
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R2 is the same in formulae (I) and (El), and is selected from hydrogen, alkyl,

substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted

alkynyl, aryl, heteroaryl, cycloalkyl, and heterocyclo;

R3 is the same in formulae (I) and (II), and is selected from hydrogen, halogen,

cyano, haloalkyl, alkyl, substituted alkyl, alkenyl, substituted alkenyl,

aryl, heteroaryl, cycloalkyl, and heterocyclo;

R4 is (i) the same in each of formulae (I) and (HI), and (ii) is independently

selected from hydrogen, alkyl, substituted alkyl, alkenyl, substituted

alkenyl, alkynyl, substituted alkynyl, aryl, heteroaryl, cycloalkyl, and

heterocyclo, or alternatively, R4 is taken together with R5, to form

heteroaryl or heterocyclo;

R5(i) is the same in each of formulae (I) and (HI), and (ii) is independently

selected from hydrogen, alkyl, substituted alkyl, alkenyl, substituted

alkenyl, alkynyl, substituted alkynyl, aryl, heteroaryl, cycloalkyl, and

heterocyclo, or alternatively, R5 is taken together with R4, to form

heteroaryl or heterocyclo; and

m i sOor 1.

2. The process of claim 1, comprising preparing a compound of the

formula (le),

„

wherein Z1 and Zs are selected from hydrogen, alkyl, halogen; hydroxy,

and alkoxy;

Z2, Zi and Z4 are selected from hydrogen, alkyl, halogen; hydroxy,

alkoxy, C(=O)NR8, and/or NR8C(=O), wherein R8 is alkyl, cycloalkyl,

or heteroaryl ;

comprising reacting a compound having the formula,
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0 He,

wherein Q is as defined in claim 1, and Z\, Z2, Z3 Z-, and Zs are as defined

above,

with a halogenating reagent followed by a thiourea compound having the

formula,

s

H IIIc,

to provide the compound having the formula,

N / S H N

H

3. The process of claim 2, wherein R4 is hydrogen, to provide the

compound having the formula (If),

z5 V24 (If).
4. The process of claim 3, further comprising:

reacting the compound of the formula

Zi
,*2

\\

24 do,
with a pyrimidine compound having the formula,
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N

4a, wherein X and Y are leaving groups, and R15 and R16 are

independently selected from hydrogen, alkyl and substituted alkyl, to

provide a compound having the formula,

wherein Y, R15, Ri6, Z1, 2,2, Z3, Z4, and Zs are as defined in claim 2.

5. The process of claim 4, further comprising reacting the compound

having the formula,

\\

R15 dg),

with an amine having the formula NHRaoR21 wherein R20 and R21 are

independently selected from hydrogen, alkyl, substituted alkyl,

cycloalkyl, heterocyclo, aryl, and heteroaryl, or Rao and R2i can be

taken together to form a heterocyclo,

to provide a compound having the formula (Ih),

> R16 jTVf 1 ,*

R21-
NyVNH HN"
NVN Z5X U

T Z"
R« (Ih),

wherein RIS, RI&, Zj, Z2, Zs, Z*, Zs, R2oand R2i are as defined above.

6. The process of claim 5 wherein the amine NHR20R21 is piperazine in

turn optionally substituted with hydroxy(alkyl).
-70-
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7. The process of claim 1, comprising preparing the compound having the

formula,

H3C

8. The process of claim 3, further comprising:

reacting the compound of the formula (If),

wherein Z\, Z2, Z3, Z4, and Z5 are as defined in claim 2,

with a pyrimidine compound having the formula,
R20

Ris 4b, wherein R15 and R16 are independently selected from

hydrogen, alkyl and substituted alkyl, and R20and R21i are

independently selected from hydrogen, alkyl, substituted alkyl,

cycloalkyl, heterocyclo, aryl, and heteroaryl, or R20 and R21can be

taken together to form a heterocyclo;

to provide a compound having the formula (In),
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wherein R15, R16, Z1 Z2, Z3, Z4, Zs, R20 and R21 are as defined above.

9. The process of claim 2, wherein R4 is a group having the formula,

R20

wherein RIS and R16 are independently selected from hydrogen, alkyl and

substituted alkyl, and R20 and R21 are independently selected from

hydrogen, alkyl, substituted alkyl, cycloalkyl, heterocyclo, aryl, and

heteroaryl, or R20 and R21can be taken together to form a heterocyclo;

whereby said process provides a compound having the formula (Ih),

"20

R2l"

(Ih),

wherein RIS, Rie, Zi, Za, Zs, Z4, Zs, Rao and Rai are as defined above.

10. The process of claim 2, wherein R4 is a group having the formula,

RIB ,

wherein Y is a leaving group and R15 and R16 are independently selected from

hydrogen, alkyl and substituted alkyl,

wherein said process provides a compound having the formula (li),

,P Zi
R« £W 7 A

Y- -^ , N B I S HN

Z3
N^/N Z5

X ,
T z*
R15 (li),

-12-

93



wherein Y, R15, R16, Z1, Z2, Z3, Z4, and Z5 are as defined above.

1 1 . The process of claim 10, further comprising reacting said compound of

formula (li) with an amine having the formula NHR20R21, to provide a compound

having the formula (Ih)

Z5
*4

R15 (Ih),

wherein RIS, R16, Z1, Z2, Z3, Z4, Z2, R20 and R21are as defined in claim 10.

12. The process of claim 2, wherein R4 is a group having the formula,

or
^

13. The process of claim 1, in which Ar is optionally-substituted phenyl.

14. The process of claim 1, in which Ar is selected from,

,and

15. The process of claim 1, in which L is optionally-substituted alkylene and m is

16. The process of claim 1, in which m is 0.

17. The process of claim 1, in which,
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R2 is hydrogen or lower alkyl;

R 3 i s hydrogen or lower alkyl; and

R5 is hydrogen.

18. The process of claim 1 in which the halogenating agent is selected from NBS,

l,3-dichloro-5,5-dimethylhydantoin, l,3-dibromo-5,5-dimethylhydantoin, and 1,3-

diiodo-5,5-dimethylhydantoin.

19.An intermediate useful in preparing compounds useful as kinase inhibitors, having

the formula,

H ,
wherein

R18isC1_4alkyl;

Z| and Zs are selected from hydrogen, lower alkyl, and halogen; and

Z4 is hydrogen, or -C(=O)NR8, wherein R8 is alkyl, cycloalkyl, or heteroaryl.

20. Crystalline monohydrate of the compound of formula (IV)

N-

(IV).

21. The compound of Claim 20, which is characterized by an x-ray powder

diffraction pattern substantially in accordance with that shown in Figure 1.

22. The compound of Claim 20, which is characterized by differential scanning

calorimetry thermogram and a thermogravimetric anaylsis substantially in accordance

with that shown in Figure 2.
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23. The compound of Claim 20, which is characterized by an x-ray powder

diffraction pattern (CuKβα,=1.5418A at a temperature of about 23°C) comprising

four or more 20 values selected from the group consisting of: 18.0± 0.2, 18.4± 0.2,

19.2± 0.2, 19.6± 0.2, 21.2± 0.2, 24.5± 0.2, 25.9± 0.2, and 28.0± 0.2.

24. A pharmaceutical composition comprising a therapeutically effective amount of

the compound of Claim 20 and a pharmaceutically acceptable carrier.

»
^

-

need of ouch treatment a therapeutioally effective amount of a compound of Claim 20;

The compound of claim 20, characterized by unit cell parameters approximately

equal to the following:

Cell dimensions: a(A) = 13.8632(7);

b(A)= 9.3307(3);

c(A) = 38.390(2);

Volume = 4965.9(4) A3

Space group Pbca

Molecules/unit cell 8

Density (calculated) (g/cm3) 1.354.

The compound of claim 20, wherein there is one water molecule per molecule of

formula (IV).

•28. A method of treating oncological disorders which comprises administeringto^

host in need of such treatment a therapeutically effective amount of>«cjfnpound of

Claim 20, wherein the disorders are selected from chrgnielflyelogenous leukemia

(CML), gastrointestinal stromal tumor (GICT),sma\l cell lung cancer (SCLC), non-

small cell lung cancer (NSCLC),ovarian cancer, melanoma, mastocytosis, germ cell

tumors, acute myeloJgenous leukemia (AML), pediatric sarcomas, breast cancer,

colourect cancer, pancreatic cancer, and prostate cancer.
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2 7-39. Crystalline butanol solvate of the compound of formula (IV)

(IV).

28 30 The compound of claim 27 characterized by unit cell parameters approximately

equal to the following:

Cell dimensions: a(A) = 22.8102(6);

b(A)= 8.4691(3);

c(A)= 15.1436(5);

Volume = 2910.5(2) A3

Space group P2j/a

Molecules/unit cell: 4

Density (calculated) (g/cm3): 1.283.

. A process for preparing crystalline monohydrate of the compound of formula (IV)

N.
HN

-N N
HO-

1 H Cl

\*

s^N^
N T

(IV)

comprising heating and dissolving the compound of formula (IV) in an ethanol/water

mixture and crystallizing the monohydrate from the ethanol/water mixture as it cools.

329 The process of claim 29 wherein the butanol solvate of the compound of formula

(IV) is dissolved in the ethanol/water mixture.

Dated this 26/7/2006
(B. KOMBI)

OF REMFRY & SAGAR
ATTORNEY FOR THE APPLICANTS.
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CLAIMS

What we claim is:

1. A process for preparing a compound having the formula (I),

O (I),

wherein L, Ar, R2, R3, R4, R5, and m are as defined below, comprising reacting

a compound having the formula (II),

R3 VN

^ R2Q (ID,
wherein Q is the group -O-P*, wherein P* is selected so that, when

considered together with the oxygen atom to which P* is attached, Q is a leaving

group, and Ar, L, R2, R3, and m are as defined below,

with a halogenating reagent followed by a thiourea compound having the

formula (III),

s

("I)

wherein, R4 and R5 are as defined below,

to provide the compound of formula (I),

Rs ° (I),

wherein,

Ar is the same in formulae (I) and (II) and is aryl or heteroaryl;

L is the same in formulae (I) and (II) and is optionally-substituted alkylene;
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R2 is the same in formulae (I) and (El), and is selected from hydrogen, alkyl,

substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted

alkynyl, aryl, heteroaryl, cycloalkyl, and heterocyclo;

R3 is the same in formulae (I) and (II), and is selected from hydrogen, halogen,

cyano, haloalkyl, alkyl, substituted alkyl, alkenyl, substituted alkenyl,

aryl, heteroaryl, cycloalkyl, and heterocyclo;

R4 is (i) the same in each of formulae (I) and (HI), and (ii) is independently

selected from hydrogen, alkyl, substituted alkyl, alkenyl, substituted

alkenyl, alkynyl, substituted alkynyl, aryl, heteroaryl, cycloalkyl, and

heterocyclo, or alternatively, R4 is taken together with R5, to form

heteroaryl or heterocyclo;

R5(i) is the same in each of formulae (I) and (HI), and (ii) is independently

selected from hydrogen, alkyl, substituted alkyl, alkenyl, substituted

alkenyl, alkynyl, substituted alkynyl, aryl, heteroaryl, cycloalkyl, and

heterocyclo, or alternatively, R5 is taken together with R4, to form

heteroaryl or heterocyclo; and

m i sOor 1.

2. The process of claim 1, comprising preparing a compound of the

formula (le),

„

wherein Z1 and Zs are selected from hydrogen, alkyl, halogen; hydroxy,

and alkoxy;

Z2, Zi and Z4 are selected from hydrogen, alkyl, halogen; hydroxy,

alkoxy, C(=O)NR8, and/or NR8C(=O), wherein R8 is alkyl, cycloalkyl,

or heteroaryl ;

comprising reacting a compound having the formula,
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0 He,

wherein Q is as defined in claim 1, and Z\, Z2, Z3 Z-, and Zs are as defined

above,

with a halogenating reagent followed by a thiourea compound having the

formula,

s

H IIIc,

to provide the compound having the formula,

N / S H N

H

3. The process of claim 2, wherein R4 is hydrogen, to provide the

compound having the formula (If),

z5 V24 (If).
4. The process of claim 3, further comprising:

reacting the compound of the formula

Zi
,*2

\\

24 do,
with a pyrimidine compound having the formula,
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N

4a, wherein X and Y are leaving groups, and R15 and R16 are

independently selected from hydrogen, alkyl and substituted alkyl, to

provide a compound having the formula,

wherein Y, R15, Ri6, Z1, 2,2, Z3, Z4, and Zs are as defined in claim 2.

5. The process of claim 4, further comprising reacting the compound

having the formula,

\\

R15 dg),

with an amine having the formula NHRaoR21 wherein R20 and R21 are

independently selected from hydrogen, alkyl, substituted alkyl,

cycloalkyl, heterocyclo, aryl, and heteroaryl, or Rao and R2i can be

taken together to form a heterocyclo,

to provide a compound having the formula (Ih),

> R16 jTVf 1 ,*

R21-
NyVNH HN"
NVN Z5X U

T Z"
R« (Ih),

wherein RIS, RI&, Zj, Z2, Zs, Z*, Zs, R2oand R2i are as defined above.

6. The process of claim 5 wherein the amine NHR20R21 is piperazine in

turn optionally substituted with hydroxy(alkyl).
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7. The process of claim 1, comprising preparing the compound having the

formula,

H3C

8. The process of claim 3, further comprising:

reacting the compound of the formula (If),

wherein Z\, Z2, Z3, Z4, and Z5 are as defined in claim 2,

with a pyrimidine compound having the formula,
R20

Ris 4b, wherein R15 and R16 are independently selected from

hydrogen, alkyl and substituted alkyl, and R20and R21i are

independently selected from hydrogen, alkyl, substituted alkyl,

cycloalkyl, heterocyclo, aryl, and heteroaryl, or R20 and R21can be

taken together to form a heterocyclo;

to provide a compound having the formula (In),
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wherein R15, R16, Z1 Z2, Z3, Z4, Zs, R20 and R21 are as defined above.

9. The process of claim 2, wherein R4 is a group having the formula,

R20

wherein RIS and R16 are independently selected from hydrogen, alkyl and

substituted alkyl, and R20 and R21 are independently selected from

hydrogen, alkyl, substituted alkyl, cycloalkyl, heterocyclo, aryl, and

heteroaryl, or R20 and R21can be taken together to form a heterocyclo;

whereby said process provides a compound having the formula (Ih),

"20

R2l"

(Ih),

wherein RIS, Rie, Zi, Za, Zs, Z4, Zs, Rao and Rai are as defined above.

10. The process of claim 2, wherein R4 is a group having the formula,

RIB ,

wherein Y is a leaving group and R15 and R16 are independently selected from

hydrogen, alkyl and substituted alkyl,

wherein said process provides a compound having the formula (li),

,P Zi
R« £W 7 A

Y- -^ , N B I S HN

Z3
N^/N Z5

X ,
T z*
R15 (li),
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wherein Y, R15, R16, Z1, Z2, Z3, Z4, and Z5 are as defined above.

1 1 . The process of claim 10, further comprising reacting said compound of

formula (li) with an amine having the formula NHR20R21, to provide a compound

having the formula (Ih)

Z5
*4

R15 (Ih),

wherein RIS, R16, Z1, Z2, Z3, Z4, Z2, R20 and R21are as defined in claim 10.

12. The process of claim 2, wherein R4 is a group having the formula,

or
^

13. The process of claim 1, in which Ar is optionally-substituted phenyl.

14. The process of claim 1, in which Ar is selected from,

,and

15. The process of claim 1, in which L is optionally-substituted alkylene and m is

16. The process of claim 1, in which m is 0.

17. The process of claim 1, in which,
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R2 is hydrogen or lower alkyl;

R 3 i s hydrogen or lower alkyl; and

R5 is hydrogen.

18. The process of claim 1 in which the halogenating agent is selected from NBS,

l,3-dichloro-5,5-dimethylhydantoin, l,3-dibromo-5,5-dimethylhydantoin, and 1,3-

diiodo-5,5-dimethylhydantoin.

19.An intermediate useful in preparing compounds useful as kinase inhibitors, having

the formula,

H ,
wherein

R18isC1_4alkyl;

Z| and Zs are selected from hydrogen, lower alkyl, and halogen; and

Z4 is hydrogen, or -C(=O)NR8, wherein R8 is alkyl, cycloalkyl, or heteroaryl.

20. Crystalline monohydrate of the compound of formula (IV)

N-

(IV).

21. The compound of Claim 20, which is characterized by an x-ray powder

diffraction pattern substantially in accordance with that shown in Figure 1.

22. The compound of Claim 20, which is characterized by differential scanning

calorimetry thermogram and a thermogravimetric anaylsis substantially in accordance

with that shown in Figure 2.
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23. The compound of Claim 20, which is characterized by an x-ray powder

diffraction pattern (CuKβα,=1.5418A at a temperature of about 23°C) comprising

four or more 20 values selected from the group consisting of: 18.0± 0.2, 18.4± 0.2,

19.2± 0.2, 19.6± 0.2, 21.2± 0.2, 24.5± 0.2, 25.9± 0.2, and 28.0± 0.2.

24. A pharmaceutical composition comprising a therapeutically effective amount of

the compound of Claim 20 and a pharmaceutically acceptable carrier.

»
^

-

need of ouch treatment a therapeutioally effective amount of a compound of Claim 20;

The compound of claim 20, characterized by unit cell parameters approximately

equal to the following:

Cell dimensions: a(A) = 13.8632(7);

b(A)= 9.3307(3);

c(A) = 38.390(2);

Volume = 4965.9(4) A3

Space group Pbca

Molecules/unit cell 8

Density (calculated) (g/cm3) 1.354.

The compound of claim 20, wherein there is one water molecule per molecule of

formula (IV).

•28. A method of treating oncological disorders which comprises administeringto^

host in need of such treatment a therapeutically effective amount of>«cjfnpound of

Claim 20, wherein the disorders are selected from chrgnielflyelogenous leukemia

(CML), gastrointestinal stromal tumor (GICT),sma\l cell lung cancer (SCLC), non-

small cell lung cancer (NSCLC),ovarian cancer, melanoma, mastocytosis, germ cell

tumors, acute myeloJgenous leukemia (AML), pediatric sarcomas, breast cancer,

colourect cancer, pancreatic cancer, and prostate cancer.
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2 7-39. Crystalline butanol solvate of the compound of formula (IV)

(IV).

28 30 The compound of claim 27 characterized by unit cell parameters approximately

equal to the following:

Cell dimensions: a(A) = 22.8102(6);

b(A)= 8.4691(3);

c(A)= 15.1436(5);

Volume = 2910.5(2) A3

Space group P2j/a

Molecules/unit cell: 4

Density (calculated) (g/cm3): 1.283.

. A process for preparing crystalline monohydrate of the compound of formula (IV)

N.
HN

-N N
HO-

1 H Cl

\*

s^N^
N T

(IV)

comprising heating and dissolving the compound of formula (IV) in an ethanol/water

mixture and crystallizing the monohydrate from the ethanol/water mixture as it cools.

329 The process of claim 29 wherein the butanol solvate of the compound of formula

(IV) is dissolved in the ethanol/water mixture.

Dated this 26/7/2006
(B. KOMBI)

OF REMFRY & SAGAR
ATTORNEY FOR THE APPLICANTS.
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WE CLAIM: 

1. Crystalline monohydrate of the compound of formula (IV) 

2. The compound as claimed in claim 1, which is characterized by an x-ray 

powder diffraction pattern substantially in accordance with that shown in 

Figure 1. 

3. The compound as claimed in claim 1, which is characterized by 

differential scanning calorimetry thermogram and a thermogravimetric 

analysis substantially in accordance with that shown in Figure 2. 

4. The compound as claimed in claim 1, which is characterized by an x-ray 

powder diffraction pattern (CuKαl=1.5418A at a temperature of about 23°C) 

comprising four or more 28 values selected from the group consisting of : 

18.0±0.2, 18.4±0.2, 19.2±0.2, 19.6±0.2, 21.2±0.2, 24.5±0.2, 25.9±0.2 and 

28.0±0.2. 

5. A pharmaceutical composition comprising a therapeutically effective 

amount of the compound as claimed in claim 1 to 3 and a pharmaceutically 

acceptable carrier. 

6. The compound as claimed in claim 1, characterized by unit cell 

parameters approximately equal to the following: 
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Cell dimensions: a(A) = 13.8632(7); 

b(A)= 9.3307(3); 

c(A) = 38.390(2); 

Volume = 4965.9(4) A3 

Space group Pbca 

Molecules/unit cell 8 

Density (calculated) (g/cm3) 1.354. 

7. The compound as claimed in claim 1, wherein there is one water 

molecule per molecule of formula (IV). 

8. Crystalline butanol solvate of the compound of formula (IV) 

9. The compound as claimed in claim 8, characterized by unit cell 

parameters approximately equal to the following: 

Cell dimensions: a(A) = 22.8102(6); 

b(A)= 8.4691(3); 

c(A)= 15.1436(5); 

Volume = 2910.5(2) A3 

Space group P21/a 

Molecules/unit cell: 4 

Density (calculated) (g/cm3): 1.283. 

10. A process for preparing crystalline monohydrate of the compound of 

formula (IV) 
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comprising heating and dissolving the compound of formula (IV) in an 

ethanol/water mixture and crystallizing the monohydrate form the 

ethanol/water mixture as it cools. 

11. The process as claimed in claim 10, wherein the butanol solvate of the 

compound of formula (IV) is dissolved in the ethanol/water mixture. 

12. The compound as claimed in claims 1 to 3, 7 and 8, wherein the 

compound is substantially pure. 

13. Crystalline ethanol solvate of the compound of formula (IV) 

which is characterized by a x-ray powder diffraction pattern (CuKαl=1.5418A 
at a temperature of about 23°C) comprising four or more 20 values selected 
from the group consisting of : 5.8±0.2, 11.3±0.2, 15.8±0.2, 17.2±0.2, 19.5±0.2, 
24.1±0.2, 25.3±0.2 and 26.2±0.2. 
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CYCLIC PROTEIN TYROSINE KINASE 
INHIBITORS 

This application claims priority from provisional US. 
application Ser. No. 60/129,510, ?led Apr. 15, 1999, the 
entirety of Which is incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to cyclic compounds and 
salts thereof, to methods of using such compounds in 
treating protein tyrosine kinase-associated disorders such as 
immunologic and oncologic disorders, and to pharmaceuti 
cal compositions containing such compounds. 

BACKGROUND OF THE INVENTION 

Protein tyrosine kinases (PTKs) are enZymes Which, in 
conduction With ATP as a substrate, phosphorylate tyrosine 
residues in peptides and proteins. These enZymes are key 
elements in the regulation of cell signaling including cell 
proliferation and cell differentiation. PTKs comprise, inter 
alia, receptor tyrosine kinases (RPTKs), including members 
of the epidermal groWth factor kinase family (e.g., HER1 
and HER2), platelet derived groWth factor (PDGF), and 
kinases that play a role in angiogenesis (Tie-2 and KDR); 
and, in addition, non-receptor tyrosine kinases, including 
members of the Syk, JAK and Src (e.g. Src, Fyn, Lyn, Lck 
and Blk) families (see Bolen, J. B., RoWley, R. B., Spana, C., 
and Tsygankov, A. Y., “The src family of tyrosine protein 
kinases in hemopoietic signal transduction”, FASEB J ., 6, 
3403—3409 (1992); Ullrich, A. and Schlessinger, J ., “Signal 
transduction by receptors With tyrosine kinase activity”, 
Cell, 61, 203—212 (1990); and Ihle, J. N., “The Janus protein 
tyrosine kinases in hematopoetic cytokine signaling”, Sem. 
Immunol, 7, 247—254 (1995)). 

Enhanced activity of PTKs has been implicated in a 
variety of malignant and nonmalignant proliferative dis 
eases. In addition, PTKs play a central role in the regulation 
of cells of the immune system. PTK inhibitors can thus 
impact a Wide variety of oncologic and immunologic dis 
orders. Such disorders may be ameliorated by selective 
inhibition of a certain receptor or non-receptor PTK, such as 
Lck, or due to the homology among PTK classes, by 
inhibition of more than one PTK by an inhibitor. 

A PTK of particular interest is Lck Which is found in T 
cells Where it is involved in phosphorylating key protein 
substrates. It is required for productive antigen receptor 
signaling and cell activation. In the absence of Lck activity, 
the T cell receptor (TCR) Zeta chain is not phosphorylated, 
the kinase ZAP-70 is not activated, and Ca2+ mobiliZation 
essential for T cell activation does not occur (see Weiss, A. 
and Littman, D. R., “Signal transduction by lymphocyte 
antigen receptors”, Cell, 76, 263—274 (1994); IWashima, M., 
Irving, B. A., van Oers, N. S. C., Chan, A. C., and Weiss, A., 
“Sequential interactions of the TCR With tWo distinct cyto 
plasmic tyrosine kinases”, Science, 263, 1136—1139 (1994); 
and Chan, A. C., Dalton, M., Johnson, R., Kong, G., Wang, 
T., Thoma, R., and Kurosaki, T., “Activation of ZAP-70 
kinase activity by phosphorylation of tyrosine 493 is 
required for lymphocyte antigen receptor function”, EMBO 
J ., 14, 2499—2508 (1995)). Inhibitors of Lck are thus useful 
in the treatment of T-cell mediated disorders such as chronic 
diseases With an important T cell component, for eXample 
rheumatoid arthritis, multiple sclerosis and lupus, as Well as 
acute diseases Where T cells are knoWn to play an essential 
role, for eXample acute transplant rejection and delayed-type 
hypersensitivity (DTH) reactions. 
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2 
SUMMARY OF THE INVENTION 

The present invention provides cyclic compounds of the 
folloWing formula I and salts thereof, for use as protein 
tyrosine kinase inhibitors: 

I 

R1 X1 X 

R2\ ‘@Z 2 N N—R4 
R3/ / 

R5 

Where 
Q is: 

(1) a 5-membered heteroaryl ring; 
(2) a 6-membered heteroaryl ring; or (3) an aryl ring; 
optionally substituted With one or more groups R1; 

Z is: 
(1) a single bond; 
(2) —R15C=CH—; or (3) —(CH2)m—, Where m is 1 

to 2; 
X1 and X2 are each hydrogen, or together form :0 or 

R1 is: 
(1) hydrogen or R6, 
Where R6 is alkyl, alkenyl, alkynyl, cycloalkyl, 

cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, 
aryl, aralkyl, heterocyclo, or heterocycloalkyl, 
each of Which is unsubstituted or substituted With 
Z1, Z2 and one or more (preferably, one or tWo) 
groups Z3; 

(2) —OH or —OR6; 
(3) —SH or —SR6; 

(6) halo; 
(7) cyano; 
(8) nitro; 

R2 and R3 are each independently: 
(1) hydrogen or R6; 

R4 and R5: 
(1) are each independently hydrogen or R6; 

(4) together With the nitrogen atom to Which they are 
attached complete a 3- to 8-membered saturated or 
unsaturated heterocyclic ring Which is unsubstituted 
or substituted With Z1, Z2 and Z3, Which heterocyclic 
ring may optionally have fused to it a benZene ring 
itself unsubstituted or substituted With Z1, Z2 and Z3; 

R7, R8, R9, R10, R11, and R12: 
(1) are each independently hydrogen or R6; 
(2) R7 and R8 may together be alkylene, alkenylene or 

heteroalkyl, completing a 3- to 8-membered satu 
rated or unsaturated ring With the nitrogen atom to 
Which they are attached, Which ring is unsubstituted 
or substituted With Z1, Z2 and Z3; or 

(3) any tWo of R9, R10, and R11 may together be 
alkylene or alkenylene completing a 3- to 
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8-membered saturated or unsaturated ring together 
With the nitrogen atoms to Which they are attached, 
Which ring is unsubstituted or substituted With Z1, Z2 
and Z3; 

R13 is: 
(1) cyano; 
(2) nitro; 
(3) —NH2; 
(4) —NHOalkyl; 
(5) —OH; 
(6) —NHOaryl; 
(7) —NHCOOalkyl; 
(8) —NHCOOary1; 
(9) —NHSO2alkyl; 
(10) —NHSOZaryl; 
(11) aryl; 
(12) heteroaryl; 
(13) —Oalkyl; or (14) —Oaryl; 

R14 is: 
(1) —NOZ; 
(2) —COOalkyl; or 
(3) —COOaryl; 

R15 is: 
(1) hydrogen; 
(2) alkyl; 
(3) aryl; 
(4) arylalkyl; or 
(5) cycloalkyl; 

Z1, Z2 and Z3 are each independently: 
(1) hydrogen or Z6, Where Z6 is alkyl, alkenyl, 

alkynyl, cycloalkyl, cycloalkylalkyl, cycloalkenyl, 
cycloalkenylalkyl, aryl, aralkyl, alkylaryl, 
cycloalkylaryl, heterocyclo, or heterocycloalkyl; (ii) 
a group Which is itself substituted by one or more 

of the same or different groups (i); or (iii) a group or (ii) Which is substituted by one or more of the 

following groups (2) to (16) of the de?nition of Z1, 
Z2 and Z3; 

(2) —OH or —OZ6; 
(3) —SH or —SZ6; 

(6) halo; 
(7) cyano; 
(8) nitro; 

(13) 0x0; 

(15) any tWo of Z1, Z2, and Z3 may together be alkylene 
or alkenylene completing a 3- to 8-membered satu 
rated or unsaturated ring together With the atoms to 
Which they are attached; or 

(16) any tWo of Z1, Z2, and Z3 may together be 
—O—(CH2)r—O—, Where r is 1 to 5, completing a 
4- to 8-membered saturated or unsaturated ring 
together With the atoms to Which they are attached; 

Z4 and Z5 are each independently: 
(1) a single bond; 
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(1) are each independently hydrogen or Z6; 
(2) Z7 and Z8, or Z6and Z10, may together be alkylene 

or alkenylene, completing a 3- to 8-membered satu 
rated or unsaturated ring together With the atoms to 
Which they are attached, Which ring is unsubstituted 
or substituted With Z1, Z2 and Z3; or 

(3) Z7 or Z8, together With Z9, may be alkylene or 
alkenylene completing a 3- to 8-membered saturated 
or unsaturated ring together With the nitrogen atoms 
to Which they are attached, Which ring is unsubsti 
tuted or substituted With Z1, Z2 and Z3; 

ZM and Z12 are each independently: 
(1) a single bond; 
(2) alkylene; 
(3) alkenylene; or 
(4) alkynylene; and 

Z13 is: 
(1) a single bond; 

(10) —C(CHR14)—; or 

Compounds Within formula I include compounds of the 
folloWing formula II and salts thereof: 

Where 
n is 1 or 2 

A is selected from carbon and nitrogen; 
B is selected from nitrogen, oxygen and sulfur; 
X3 is oXygen or sulfur; and 
R1, R2, R3, R4 and R5 are as described above. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The folloWing are de?nitions of terms used in this speci 
?cation. The initial de?nition provided for a group or term 
herein applies to that group or term throughout the present 
speci?cation, individually or as part of another group, unless 
otherWise indicated. 
The terms “alk” or “alkyl” refer to straight or branched 

chain hydrocarbon groups having 1 to 12 carbon atoms, 
preferably 1 to 8 carbon atoms. The eXpression “loWer 
alkyl” refers to alkyl groups of 1 to 4 carbon atoms. 
The term “alkenyl” refers to straight or branched chain 

hydrocarbon groups of 2 to 10, preferably 2 to 4, carbon 
atoms having at least one double bond. Where an alkenyl 
group is bonded to a nitrogen atom, it is preferred that such 
group not be bonded directly through a carbon bearing a 
double bond. 
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The term “alkynyl” refers to straight or branched chain 
hydrocarbon groups of 2 to 10, preferably 2 to 4, carbon 
atoms having at least one triple bond. Where an alkynyl 
group is bonded to a nitrogen atom, it is preferred that such 
group not be bonded directly through a carbon bearing a 
triple bond. 

The term “alkylene” refers to a straight chain bridge of 1 
to 5 carbon atoms connected by single bonds (e.g., 
—(CH2 x— Wherein X is 1 to 5), Which may be substituted 
With 1 to 3 loWer alkyl groups. 

The term “alkenylene” refers to a straight chain bridge of 
2 to 5 carbon atoms having one or tWo double bonds that is 
connected by single bonds and may be substituted With 1 to 
3 loWer alkyl groups. Exemplary alkenylene groups are 
—CH=CH—CH=CH—, —CH2—CH=CH—, —CH2— 
CH=CH—CH2—, —C(CH3)2CH=CH— and —CH 
(C2H5)—CH=CH—. 

The term “alkynylene” refers to a straight chain bridge of 
2 to 5 carbon atoms that has a triple bond therein, is 
connected by single bonds, and may be substituted With 1 to 
3 loWer alkyl groups. Exemplary alkynylene groups are 
—CEC—, —CH2—CEC—, —CH(CH3)—CEC— and 
—(‘EC—CH(C2H5)CH2—. 

The terms “ar” or “aryl” refer to aromatic cyclic groups 
(for example 6 membered monocyclic, 10 membered bicy 
clic or 14 membered tricyclic ring systems) Which contain 6 
to 14 carbon atoms. Exemplary aryl groups include phenyl, 
naphthyl, biphenyl and anthracene. 

The terms “cycloalkyl” and “cycloalkenyl” refer to cyclic 
hydrocarbon groups of 3 to 12 carbon atoms. 

The terms “halogen” and “halo” refer to ?uorine, 
chlorine, bromine and iodine. 

The term “unsaturated ring” includes partially unsaturated 
and aromatic rings. 

The terms “heterocycle”, “heterocyclic” or “heterocyclo” 
refer to fully saturated or unsaturated, including aromatic 
(i.e. “heteroaryl”) cyclic groups, for example, 4 to 7 mem 
bered monocyclic, 7 to 11 membered bicyclic, or 10 to 15 
membered tricyclic ring systems, Which have at least one 
heteroatom in at least one carbon atom-containing ring. 
Each ring of the heterocyclic group containing a heteroatom 
may have 1, 2, 3 or 4 heteroatoms selected from nitrogen 
atoms, oxygen atoms and/or sulfur atoms, Where the nitro 
gen and sulfur heteroatoms may optionally be oxidiZed and 
the nitrogen heteroatoms may optionally be quaterniZed. 
The heterocyclic group may be attached at any heteroatom 
or carbon atom of the ring or ring system. 

Exemplary monocyclic heterocyclic groups include 
pyrrolidinyl, pyrrolyl, pyraZolyl, oxetanyl, pyraZolinyl, 
imidaZolyl, imidaZolinyl, imidaZolidinyl, oxaZolyl, 
oxaZolidinyl, isoxaZolinyl, isoxaZolyl, thiaZolyl, 
thiadiaZolyl, thiaZolidinyl, isothiaZolyl, isothiaZolidinyl, 
furyl, tetrahydrofuryl, thienyl, oxadiaZolyl, piperidinyl, 
piperaZinyl, 2-oxopiperaZinyl, 2-oxopiperidinyl, 
2-oxopyrrolodinyl, 2-oxoaZepinyl, aZepinyl, 4-piperidonyl, 
pyridinyl, pyraZinyl, pyrimidinyl, pyridaZinyl, 
tetrahydropyranyl, morpholinyl, thiamorpholinyl, thiamor 
pholinyl sulfoxide, thiamorpholinyl sulfone, 1,3-dioxolane 
and tetrahydro-1,1-dioxothienyl, triaZolyl, triaZinyl, and the 
like. 

Exemplary bicyclic heterocyclic groups include indolyl, 
benZothiaZolyl, benZoxaZolyl, benZodioxolyl, benZothienyl, 
quinuclidinyl, quinolinyl, tetra-hydroisoquinolinyl, 
isoquinolinyl, benZimidaZolyl, benZopyranyl, indoliZinyl, 
benZofuryl, chromonyl, coumarinyl, benZopyranyl, 
cinnolinyl, quinoxalinyl, indaZolyl, pyrrolopyridyl, furopy 
ridinyl (such as furo[2,3-c]pyridinyl, furo[3,2-b]pyridinyl] 
or furo[2,3-b]pyridinyl), dihydroisoindolyl, dihydro 
quinaZolinyl (such as 3,4-dihydro-4-oxo-quinaZolinyl), tet 
rahydroquinolinyl and the like. 
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6 
Exemplary tricyclic heterocyclic groups include 

carbaZolyl, benZidolyl, phenanthrolinyl, acridinyl, 
phenanthridinyl, xanthenyl and the like. 

The term “heteroaryl” refers to aromatic heterocyclic 
groups. 

Exemplary heteroaryl groups include pyrrolyl, pyraZolyl, 
imidaZolyl, oxaZolyl, isoxaZolyl, thiaZolyl, thiadiaZolyl, 
isothiaZolyl, furyl, thienyl, oxadiaZolyl, pyridinyl, pyraZinyl, 
pyrimidinyl, pyridaZinyl, triaZolyl, triaZinyl, and the like. 

Compounds of the formula I may in some cases form salts 
Which are also Within the scope of this invention. Reference 
to a compound of the formula I herein is understood to 
include reference to salts thereof, unless otherWise indicated. 
The term “salt(s)”, as employed herein, denotes acidic 
and/or basic salts formed With inorganic and/or organic acids 
and bases. ZWitterions (internal or inner salts) are included 
Within the term “salt(s)” as used herein (and may be formed, 
for example, Where the R substituents comprise an acid 
moiety such as a carboxyl group). Also included herein are 
quaternary ammonium salts such as alkylammonium salts. 
Pharmaceutically acceptable (i.e., non-toxic, physiologi 
cally acceptable) salts are preferred, although other salts are 
useful, for example, in isolation or puri?cation steps Which 
may be employed during preparation. Salts of the com 
pounds of the formula I may be formed, for example, by 
reacting a compound I With an amount of acid or base, such 
as an equivalent amount, in a medium such as one in Which 
the salt precipitates or in an aqueous medium folloWed by 
lyophiliZation. 

Exemplary acid addition salts include acetates (such as 
those formed With acetic acid or trihaloacetic acid, for 
example, tri?uoroacetic acid), adipates, alginates, 
ascorbates, aspartates, benZoates, benZenesulfonates, 
bisulfates, borates, butyrates, citrates, camphorates, 
camphorsulfonates, cyclopentanepropionates, digluconates, 
dodecylsulfates, ethanesulfonates, fumarates, 
glucoheptanoates, glycerophosphates, hemisulfates, 
heptanoates, hexanoates, hydrochlorides, hydrobromides, 
hydroiodides, 2-hydroxyethanesulfonates, lactates, 
maleates, methanesulfonates, 2-naphthalenesulfonates, 
nicotinates, nitrates, oxalates, pectinates, persulfates, 
3-phenylpropionates, phosphates, picrates, pivalates, 
propionates, salicylates, succinates, sulfates (such as those 
formed With sulfuric acid), sulfonates (such as those men 
tioned herein), tartrates, thiocyanates, toluenesulfonates, 
undecanoates, and the like. 

Exemplary basic salts (formed, for example, Where the R 
substituents comprise an acidic moiety such as a carboxyl 
group) include ammonium salts, alkali metal salts such as 
sodium, lithium, and potassium salts, alkaline earth metal 
salts such as calcium and magnesium salts, salts With 
organic bases (for example, organic amines) such as 
benZathines, dicyclohexylamines, hydrabamines, N-methyl 
D-glucamines, N-methyl-D-glucamides, t-butyl amines, and 
salts With amino acids such as arginine, lysine and the like. 
The basic nitrogen-containing groups may be quaterniZed 
With agents such as loWer alkyl halides (e.g. methyl, ethyl, 
propyl, and butyl chlorides, bromides and iodides), dialkyl 
sulfates (e.g. dimethyl, diethyl, dibutyl, and diamyl sulfates), 
long chain halides (e.g. decyl, lauryl, myristyl and stearyl 
chlorides, bromides and iodides), aralkyl halides (e.g. benZyl 
and phenethyl bromides), and others. 
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Prodrugs and solvates of the compounds of the invention 
are also contemplated herein. The term “prodrug”, as 
employed herein, denotes a compound Which, upon admin 
istration to a subject, undergoes chemical conversion by 
metabolic or chemical processes to yield a compound of the 
formula I, or a salt and/or solvate thereof. Solvates of the 
compounds of formula I are preferably hydrates. 

All stereoisomers of the present compounds, such as those 
Which may exist due to asymmetric carbons on the R 
substituents of the compound of the formula I, including 
enantiomeric and diastereomeric forms, are contemplated 
Within the scope of this invention. Individual stereoisomers 
of the compounds of the invention may, for example, be 
substantially free of other isomers, or may be admixed, for 
example, as racemates or With all other, or other selected, 
stereoisomers. The chiral centers of the present invention 
can have the S or R con?guration as de?ned by the IUPAC 
1974 Recommendations. 

Throughout the speci?cation, groups and substituents 
thereof are chosen to provide stable moieties and com 
pounds. 

Preferred Compounds 

Preferred compounds of the present invention are com 
pounds of the formula I, and salts thereof, Wherein Q is 
thiaZole and Wherein one or more, and especially all, of Z, 
X1, X2, R1, R2, R3, R4, and R5 are selected from the 
folloWing de?nitions: 
Z is a single bond; 
R1 is selected from hydrogen, halo, alkyl, aryl, alkoxy, 

alkoxycarbonyl, or aryloxycarbonyl and is more pref 
erably hydrogen; 

X1 and X2 together form =0 or =S and more preferably 
form :0; 

R2 is hydrogen; 
R3is selected from —Z4—R6 or —Z13—NR7R8 and is 
more preferably —Z4—R6 Wherein Z4 is a single bond 
and R6 is aryl or heteroaryl Which is unsubstituted or 
substituted With Z1, Z2 and one or more (preferably, one 
or tWo) groups Z3; 

R4 is hydrogen; and 
R5 is selected from aryl groups or heteroaryl groups 
Which are substituted With Z1, Z2 and one or more (such 
as one or tWo) groups Z3. 

Methods of Preparation 

The compounds of the formula I may be prepared by 
methods such as those illustrated in the folloWing Schemes 
A through E and I through XI. Solvents, temperatures, 
pressures, and other reaction conditions may readily be 
selected by one of ordinary skill in the art. All documents 
cited are incorporated herein by reference in their entirety. 
Starting materials are commercially available or readily 
prepared by one of ordinary skill in the art. Constituents of 
compounds are as de?ned elseWhere in the speci?cation or 
as speci?cally de?ned in a scheme. 

The methods described herein may be carried out With 
starting materials and/or reagents in solution or alternatively, 
Where appropriate, With one or more starting materials or 
reagents bound to a solid support, (see (1) Thompson, L. A., 
Ellman, J. A., Chemical Reviews, 96, 555—600 (1996); (2) 
Terrett, N. K., Gardner, M., Gordon, D. W., Kobylecki, R. J., 
Steele, J., Tetrahedron, 51, 8135—8173 (1995); (3) Gallop, 
M. A., Barrett, R. W., DoWer, W. J., Fodor, S. P. A., Gordon, 
E. M., Journal of Medicinal Chemistry, 37, 1233—1251 
(1994); (4) Gordon, E. M., Barrett, R. W., DoWer, W. J., 
Fodor, S. P. A., Gallop, M. A., Journal of Medicinal 
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Chemistry, 37, 1385—1401 (1994); (5) Balkenhohl, F, von 
dem Bussche-Hiinnefeld, Lansky, A., Zechel, C., 
Angewandte Chemie International Edition in English, 35, 
2288—2337 (1996); (6) Balkenhohl, F, von dem Bussche-H 
iinnefeld, Lansky, A., Zechel, C.,Angewandte Chemie, 108, 
2436—2487 (1996); and (7) So?a, M. 1., Drugs Discovery 
Today, 1, 27—34 (1996)). 

Scheme A 
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Scheme A illustrates a general method for forming com 
pound Ia, Which is a compound of the formula I Where X1 
and X2 together form :0. As shoWn in Scheme A, com 
pound Ia Where R2 and R3 are hydrogen may be formed by 
saponi?cation of i, (R* is a carboxyl protecting group such 
as alkyl or arylalkyl) folloWed by reaction With amine iii by 
methods knoWn in the art. Alternatively i may be reacted 
With R2L, Where L is a leaving group such as halogen (for 
example, in equimolar portions), optionally folloWed by 
reaction With R3L (for example, in equimolar portions) to 
form ii. Also alternatively, i may be subjected to reductive 
amination using the appropriate aldehyde or ketone to form 
ii. The compound ii may then be saponi?ed and reacted With 
amine iii, under conditions knoWn to those skilled in the art, 
to form Ia Where R2 and/or R3 are other than hydrogen. 

Methods for preparing preferred substituents on the com 
pounds I are illustrated in the folloWing Schemes I to XI. 
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Scheme B 
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Scheme B illustrates a general method for forming com 
pound Ib, Which is a compound of formula I Where Z is 
—CH=CH— and X1 and X2 together form :0. As shoWn 
in Scheme B, a 2-halo-compound vi can be prepared by 
reacting an appropriately substituted 2-amino-compound ia 
With copper (ii) halide and an alkyl nitrite such as tert-butyl 
nitrite in an aprotic solvent such as acetonitrile to form 
2-halo-compound iv (see J. Her. Chem. 22, 1621 (1985)). 
Compound iv can be reduced With a reducing agent such as 
sodium borohydride in ethanol or aqueous tetrahydrofuran 
to form an alcohol, Which can be oxidized With an oxidizing 
agent such as pyridinium chlorochromate or pyridinium 
dichromate to form aldehyde v. Compound v can be reacted 
With an alkyl(triphenylphosphorylidene) acetate to form 

40 

45 

carboXylate vi. Compound vi can be saponi?ed and then 
reacted With an amine iii by methods knoWn to those skilled 
in the art to form vii. Compound vii can be reacted With an 
amine R2R3NH to form Ib Where Z is —CH=CH— and X1, 
X2 together form :0. Alternatively, compounds of formula 
Ib Where R2 and R3 are H, can be formed by reacting 
compound vii With an appropriately substituted benZyl 
amine such as 4-methoXybenZyl amine to form compound 
iX, Which can be hydrogenolyZed or treated With an acid 
such as tri?uoromethanesulfonic acid and tri?uoroacetic 
acid in the presence of anisole to form Ib Where R2 and R3 
are hydrogen. 
Methods for preparing preferred substituents on the com 

pounds I are illustrated in the folloWing Schemes I to XI. 

Scheme C 
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-continued 
R1 
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Scheme C illustrates a general method for forming com- -Continued 
pound Ic, Which is a compound of formula I Where Z is R1 

35 
—R15C=CH— and X1 and X2 together form :0. As R2 5 
shoWn in Scheme C, a 2-amino-compound ia can be reacted \N i /R4 
With a chloroformate or dicarbonate to form X, Which can be R/ Z T 

. . . . 3 

saponi?ed and treated With an organol1th1um reagent to form R5 
compound Xi. Compound Xi may be reacted With an alkyl 
(triphenylphosphorylidene)acetate, followed by deprotec 
tion of the carbamate protecting group to form Xii. 
Alternatively, compound Ic Where R2 and R3 are hydrogen 
may be formed by saponi?cation of Xii followed by reaction 
With an amine R4R5NH by methods knoWn to those skilled 
in the art. Alternatively, compound Xii may be reacted With 
RZL Where L is a leaving group such as halogen (for 
example, in equimolar portions), optionally folloWed by 
reaction With R3L (for example, in equimolar portions) to 
form Xiii, Which may be saponi?ed and reacted With an 
amine R4R5NH by methods knoWn to those skilled in the art 
to form Ia Where R2 and/or R3 are other than hydrogen. 

Methods for preparing preferred substituents on the com 
pounds I are illustrated in the folloWing Schemes I to XI. 

Scheme D 
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Scheme D illustrates a general method for forming com 
pound Id, Which is a compound of the formula I Where X1 
and X2 together form =S. The compounds of the formula Ia 
obtained in Scheme Amay be converted into the correspond 
ing thioamide Id using a reagent such as LaWesson’s reagent 
(2,4-bis(4-methoXyphenyl)-1,3-dithia-2,4-diphosphetane-2, 
4-disul?de (see Bull. Soc. Chim. Belg, 87, 223 (1978)). 

Methods for preparing preferred substituents on the com 
pounds I are illustrated in the folloWing Schemes I to XI. 

Scheme E 

R 
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-continued 

Ie 

Scheme E illustrates a general method for forming com 
pound Ie, Which is a compound of the formula I Where X1 
and X2 are each hydrogen. As shoWn in Scheme E, the 
compound of the formula Id obtained in Scheme D may be 
converted into the corresponding amine Ie by reduction, for 
example, by reaction With Raney nickel. 

Methods for preparing preferred substituents on the com 
pounds I are illustrated in the folloWing Schemes I to XI. 

Scheme I 
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-continued 

R 
H 1 O 

\N )L R 4 
/ Z N/ 

R5 If 

R3: COOR6 
X1, X2 = 0 

starting from 2: R2 : alkyl, arylalkyl 
or cycloalkylalky 

starting from 3: R2 = H 

As shoWn in Scheme I, carboxylate i can be reacted With 
a chloroformate or dicarbonate to form 1. Compound 1 can 

be treated With a base such as sodium hydride, sodium/ 
potassium hexamethyldisilaZide, or lithium diisopropyla 
mide (LDA), and an alkylating agent RZX Where X is 
halogen and R2 is preferably alkyl, arylalkyl, or 
cycloalkylalkyl, and then saponi?ed With an aqueous base 
such as potassium hydroxide to give 2. Alternatively, 1 can 
the subjected to reductive amination using the appropriate 
aldehyde or ketone and saponi?ed With an aqueous base 
such as potassium hydroxide to give 2. Compound 1 may, 
alternatively, be simply saponi?ed With an aqueous base 
such as potassium hydroxide to give 3 Where R2 is hydrogen. 

Acid 2 may be reacted With an amine iii using reaction 
conditions Well knoWn in the art for peptide bond synthesis 
(see, for example, BodansZky and BodansZky, The Practice 
of Peptide Chemistry, Springer-Verlag, 1984; BodansZky, 
Principles of Peptide Synthesis, Springer-Verlag, 1984) to 
give the compound Id Which a compound of the formula I 
Where X1 and X2 together form =0, R3 is C00R6, and, 
since 2 is the starting material, R2 is preferably alkyl, 
arylalkyl or cycloalkylalkyl. For example, reagents Which 
activate the carboxyl group of 2 for reaction With the amine 
iv include bis-(2-oxo-3-oxaZolidinyl)phosphinic chloride 
(BOP chloride), benZotriaZol-1-yloxy-tris(dimethylamino) 
phosphonium hexa?uorophosphate (BOP reagent), [0-(7 
aZabenZotriaZol-1-yl)-1,1,3,3-tetramethyluronium] 
hexa?uorophosphate (HATU), and carbodiimides such as 
dicyclohexylcarbodiimide (DCC) or 3-ethyl-3‘ 
(dimethylamino)propylcarbodiimide (EDCI) either alone or 
in combination With a hydroxybenZotriaZole. Alternatively, 
the activated ester intermediate can be isolated and then 
treated With the appropriate amine iv in a nonprotic solvent 
such as tetrahydrofuran (THF) or dimethylformamide 
(DMF) in the presence of a base, for example, an organic 
base such as sodium/potassium hexamethyldisilaZide, 
triethylamine, diisopropylethylamine or 1,8-diaZabicyclo 
[5.4.0]undec-7-ene (DBU), or an inorganic base such as 
sodium, potassium or cesium carbonate or sodium or potas 
sium hydride. Alternatively, the acid halide of 2 may be 
prepared, for example, by reaction With thionyl chloride or 
oxalyl chloride, folloWed by subsequent reaction With amine 
iii to provide compound If, Which is a compound of the 
formula I Where R3 is C00R6, X1 and X2 together form 
=0, and R2 is alkyl, arylalkyl or chycloalkylalkyl. 

Similar reactions as employed above for the conversion of 
2 to If may be used to convert 3 to If Where R3 is C00R6, 
X1 and X2 together form =0, and R2 is hydrogen. 
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Scheme II 
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As shown in Scheme II, acid 4 where R2 and R3 are not 
hydrogen and are selected such that the nitrogen to which 
they are attached is non-basic, is reduced to the aldehyde 5 
by methods well know in the art (see March, Advanced 
Organic Chemistry, Wiley, 1985). For example, the acid 4 
may be converted to its corresponding ester followed by 
reduction with diisobutylaluminum hydride. Alternatively, 
the acid 4 may be reduced to the corresponding primary 
alcohol, for example, by treatment with borane/THF, 
LiAlH4, or via reduction of a mixed anhydride, followed by 
subsequent oxidation to the aldehyde 5 using Cr(VI) (e.g., 
pyridinium chlorochromate, “PCC”) or under Swern or 
Moffatt conditions (e.g., (COCl)2/dimethylsulfoxide). The 
starting acid 4 may be obtained, for example, by saponi? 
cation of ii. 

Reductive amination (see Hudlicky, Reductions in 
Organic Chemistry, Wiley, 1984) of aldehyde 5 with amine 
iii in the presence of a reducing agent such as NaBH3CN, 
NaBH(OAc)3(Ac=acetyl) or hydrogen and a palladium cata 
lyst produces the amine compound Ig, which is a compound 
of the formula I where X1 and X2 are each hydrogen and R2 
and R3 are each not hydrogen. 

Scheme III 
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-continued 

As shown in Scheme III, reduction of the acid 4 to a 
primary alcohol (for example, by treatment with borane/ 
tetrahydrofuran, LiAlH4, or via reduction of a mixed 
anhydride), followed by conversion by methods well known 
in the art (see March, Advanced Organic Chemistry, Wiley, 
1985), provides 6 which contains a leaving group such as a 

halide, tosylate (OTs), mesylate (OMs) or tri?ate (OTf). The 
groups R2 and R3 are selected such that the resulting 
nitrogen to which they are attached is non-basic. Compound 
6 can then be converted into compound Ih, which is a 
compound of the formula I where X1 and X2 are each 
hydrogen and R2 and R3 are each not hydrogen, by a 
displacement reaction with amine iii, preferably where 
amine iii is used in excess. 

Scheme IV 

Amide/Thioamide 

Carbamate 

R60 0 
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-continued 
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R2 = any group as defined 

R3 = acyl or thioacyl 

Scheme IV illustrates methods Which may be used for the 
preparation of compounds Ij, Ik, 11, Im and In. Ij, Ik, 11, Im 
and In are compounds of the formula I Where R2 is any group 
as de?ned, R3 is an acyl or thioacyl group, X1 and X2 are not 
hydrogen, and R1 is not a primary or secondary amine. Ij, Ik, 
11, Im and In have other particular substituents Which are 
speci?ed in this Scheme and below. The starting compound 
Ii can be prepared by suitable methods described in Schemes 
A and D. 
Amide Ij can be prepared by treatment of amine com 

pound Ii With a carboXylic acid 7 in the presence of reagents 4 
Which activate the carboXyl group for reaction as described 
above, for eXample BOP reagent, HATU, and carbodiimides 
such as DCC or EDCI either alone or in combination With 
a hydroXybenZtriaZole. Alternatively, the acid halide 8 may 
be reacted With amine compound Ii in the presence of an 
acid scavenger such as diisopropylethylamine. The corre 
sponding thioamide Ik can be prepared by the treatment of 
amide Ii (Where X1,X2#O) With LaWesson’s reagent as 
described above. 

Carbamate II can be prepared by treatment of amine 
compound Ii With a chloroformate 9 or dicarbonate 10 in the 
presence of an acid scavenger such as diisopropylethy 
lamine. 

The urea Im may be prepared by treatment of amine 
compound Ii With either: 1) a chloroformate 9, such as 
phenylchloroformate, folloWed by reaction With an amine 
11; 2) a carbamoyl chloride 12 in the presence of an acid 
scavenger such as diisopropylethylamine; or 3) reaction With 
an isocyanate 13a (Where RC in Im=H). The corresponding 
thiourea In may be prepared by treatment of amine com 
pound Ii With a thioisocyanate 13b. 

Ra is selected from those groups included in the de?nition 
of R6 such that the group —C(=A)—Ra is an acyl or 

10 

15 

3O 

65 

18 
thioacyl group Within the de?nition of R3. Rb and RC are 
selected from those groups included in the de?nitions of R7 
and R8, such that the group —C(=A)—N(Rb)(RC) is an acyl 
or thioacyl group Within the de?nition of R3. 

SchemeV 
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15 

R2 = any group as defined other than acyl 

R3 = alkyl, cycloalkyl, cycloalkylalkyl, 
cycloalkenylalkyl, aralkyl or 
saturated heterocycle 

Scheme V illustrates a method Which can be used for the 
preparation of Ip, Which is a compound of the formula I 
Where R2 is any group as de?ned other than acyl, and Which 
is selected such that the nitrogen to Which it is attached is 
basic, R3 is alkyl, cycloalkyl, cycloalkylalkyl, 
cycloalkenylalkyl, aralkyl, or saturated heterocycle, and X1 
and X2 are not hydrogen. The starting compounds I0 and Iq 
can be prepared by suitable methods described in Schemes 
A and D. 
As shoWn in Scheme V, amine compound I0 is reacted 

With an aldehyde or ketone 14 under reductive amination 
conditions described above to give the amine Ip. Compound 
Ip may also be prepared by treatment of an amine compound 
Iq, Where R2 and R3 are hydrogen, With t-butyl nitrite or 
sodium nitrite in the presence of a copper (II) halide to give 
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the halo-substituted compound 15, followed by displace 
ment With amine 16 in the presence of a base such as sodium 
or potassium hydride or the like (see Lee et al., J. Hetero 
cyclic Chemistry, 22, 1621 (1985)). 

Rd and Re are independently selected from hydrogen, 
alkyl, aryl, cycloalkyl or cycloalkenyl, or together are alky 
lene or alkenylene completing a 3- to 8-membered saturated 
or unsaturated ring, such that the group —CH(Rd)(R€) is a 
group Within the de?nition of R3. 

Scheme VI 
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R2 = any group as defined other than acyl 

R3 = aryl, heteroaryl 

As shoWn in Scheme VI, When R2 is any group as de?ned 
other than acyl, and is selected such that the nitrogen to 
Which it is attached is basic, R3 is aryl or heteroaryl, and X1 
and X2 are not hydrogen, amine compound Ir may be reacted 
With a halophenyl or haloheteroaromatic group 17 in the 
presence of a palladium (0) catalyst (see J. Am. Chem. Soc., 
118, 7215 (1996)) to give amine Is, Which is a compound of 
the formula I having the particular substituents described in 
this Scheme. The starting compound Ir can be prepared by 
suitable methods described in Schemes A and D. 

Scheme VII 

R2 = any group as defined 

R3 = heteroaryl 

As shoWn in Scheme VII, When R2 is any group as de?ned 
and R3 is a heteroaromatic group, amine compound It may 
be reacted, in the presence of a base if needed, With a 
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2-halosubstituted heteroaromatic compound 17 Where Q1, 
together With atoms to Which is is bonded, forms a 5- or 
6-membered monocyclic or 10- to 12-membered bicyclic 
heteroaromatic group (such as forming 2-chloropyridine or 
2-chloropyrimidine) to give the amine Iu, Where Iu is a 
compound of the formula I having the particular substituents 
described in this Scheme. The starting compound It can be 
prepared by suitable methods described in SchemesAand D. 

Scheme VIII 
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As shoWn in Scheme VIII, thiourea compound In (Where 
X1 and X2 are not hydrogen) may be reacted With the 
appropriate amine in the presence of bis-(2-oXo-3 
oXaZolidinyl)phosphinic chloride (BOP chloride) 
benZotriaZol-1-yloXy-tris(dimethylamino)phosphonium 
heXa?uorophosphate (BOP-reagent), [O—(7 
aZabenZotriaZol-1-yl)-1,1,3,3-tetramethyluronium] 
heXa?uorophosphate (HATU) and carbodiimide, such as 
dicycloheXyl carbodiimide (DCC) or 3-ethyl-3‘ 
(dimethylamino)propyl carbodiimide (EDCI) or diisopropyl 
carbodiimide (DIC) in the presence of an organic base such 
as triethylamine, diisopropylethylamine or dimethylami 
nopyridine in solvents such as dimethylformamide, dichlo 
romethane or tetrahydrofuran to form compound Iv, Which 
is a compound of the formula I having the particular 
substituents described in this Scheme. 

Alternatively, Compound In can be reacted With the 
appropriate amine in the presence of a mercury (II) salt such 
as mercuric chloride, or by other methods knoWn in the 
literature, to form Iv. 

Scheme IX 

PhO 
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22 
heXamethyl disilaZide or dimethylaminopyridine in dim 

R7 ethyl formamide or tetrahydrofuran at room temperature or 
/ at hi her tem erature to form com ounds IX or I g P P y 

R R1 HN\ respectively, Which can be reacted With an amine R7R8NH 
2\ X1 X2 R8 5 at room temperature or elevated temperature to form com 
N )4 /R4 —> pounds IZ or 12* respectively. Compound IZ is a compound 

N Z N of the formula I having the particular substituents described 
/ — | in this Scheme. Compound 12* is a compound of the formula 

RX OPh R5 I having the particular substituents described in this Scheme. 

IW RX COZalkyl, CN, 10 Scheme XI 
COZaryl 

R2 
R1 / 

R2 X1 X2 R1 H—N 
\N X1 X2 \ 

/R4 15 R3 
Z N X R 4> 

N_ / 4 H+ 
/ | Z N 

RX /N\ R6 R5 I R 
R7 5 

15 
IV 20 

[X1942 =‘ H] R1 
R2 X1 X2 

\ 

- - N )4 R4 As shown in Scheme IX, amine Ir (Where X1 and X2 are / Z N/ 
not hydrogen) can be reacted With diphenylcyanocarbon- R3 | 
imidate either alone or in the presence of a base such as 25 R5 
sodium hydride, sodium heXamethyldisilaZide or dimethy- R1:“Y1,helemryl,bicyclic'hilm?ryl 
laminopyridine in acetonitrile, tetrahydrofuran, or dimeth- RFH’alkyl’aryl’hetemryl’blcychc'hetmmyl 
ylformamide at room temperature or elevated temperature to 

form 1nte_rmed1ate_ Compound IW- Compound IW can be 30 As shoWn in Scheme XI, compounds of formula I can also 
reacted Wlth an aIIllIle R7R8NH to form Compound IV, Whlch be prepared from 15 by treatment With the de?ned amine in 
IS a Compound Of the fOrIIlllla I haVlng the partlcular the presence of an acid catalyst (for example, see: GunZen 
substituents described in this Scheme. hauser et al., Helv. Chim. Acta, 71, 33 (1988)). 

Scheme X 
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IX Iv 

As shoWn in Scheme X, compound Ir (Where X1 and X2 
are not hydrogen) can be reacted With 18 or 19 either alone 
or in the presence of a base such as sodium hydride, sodium 

65 Utility 
The compounds of the present invention inhibit protein 

tyrosine kinases, especially Src-family kinases such as Lck, 
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Fyn, Lyn, Src, Yes, Hck, Fgr and Elk, and are thus useful in 
the treatment, including prevention and therapy, of protein 
tyrosine kinase-associated disorders such as immunologic 
and oncologic disorders. The compounds inhibit also recep 
tor tyrosine kinases including HERl and HERZ and are 
therefore useful in the treatment of proliferative disorders 
such as psoriasis and cancer. The ability of these compounds 
to inhibit HERl and other receptor kinases Will also permit 
their use as anti-angiogenic agents to treat disorders such as 
cancer and diabetic retinopathy. “protein tyrosine kinase 
associated disorders” are those disorders Which result from 
aberrant tyrosine kinase activity, and/or Which are alleviated 
by the inhibition of one or more of these enZymes. For 
example, Lck inhibitors are of value in the treatment of a 
number of such disorders (for example, the treatment of 
autoimmune diseases), as Lck inhibition blocks T cell acti 
vation. The treatment of T cell mediated diseases, including 
inhibition of T cell activation and proliferation, is a particu 
larly preferred embodiment of the present invention. Com 
pounds Which selectively block T cell activation and pro 
liferation are preferred. Compounds of the present invention 
Which block the activation of endothelial cell PTK by 
oxidative stress, thereby limiting surface expression of adhe 
sion molecules that induce neutrophil binding, and Which 
inhibit PTK necessary for neutrophil activation are useful, 
for example, in the treatment of ischemia and reperfusion 
injury. 

The present invention thus provides methods for the 
treatment of protein tyrosine kinase-associated disorders, 
comprising the step of administering to a subject in need 
thereof at least one compound of the formula I in an amount 
effective therefor. Other therapeutic agents such as those 
described beloW may be employed With the inventive com 
pounds in the present methods. In the methods of the present 
invention, such other therapeutic agent(s) may be adminis 
tered prior to, simultaneously With or folloWing the admin 
istration of the compound(s) of the present invention. 

Use of the compounds of the present invention in treating 
protein tyrosine kinase-associated disorders is exempli?ed 
by, but is not limited to, treating a range of disorders such as: 
transplant (such as organ transplant, acute transplant or 
heterograft or homograft (such as is employed in burn 
treatment)) rejection; protection from ischemic or reperfu 
sion injury such as ischemic or reperfusion injury incurred 
during organ transplantation, myocardial infarction, stroke 
or other causes; transplantation tolerance induction; arthritis 
(such as rheumatoid arthritis, psoriatic arthritis or 
osteoarthritis); multiple sclerosis; chronic obstructive pul 
monary disease (COPD), such as emphysema; in?ammatory 
boWel disease, including ulcerative colitis and Crohn’s 
disease; lupus (systemic lupus erythematosis); graft vs. host 
disease; T-cell mediated hypersensitivity diseases, including 
contact hypersensitivity, delayed-type hypersensitivity, and 
gluten-sensitive enteropathy (Celiac disease); psoriasis; con 
tact dermatitis (including that due to poison ivy); Hashimo 
to’s thyroiditis; Sjogren’s syndrome; Autoimmune 
Hyperthyroidism, such as Graves’ Disease; Addison’s dis 
ease (autoimmune disease of the adrenal glands); Autoim 
mune polyglandular disease (also knoWn as autoimmune 
polyglandular syndrome); autoimmune alopecia; pernicious 
anemia; vitiligo; autoimmune hypopituatarism; Guillain 
Barre syndrome; other autoimmune diseases; cancers, 
including cancers Where Lck or other Src-family kinases 
such as Src are activated or overexpressed, such as colon 
carcinoma and thymoma, and cancers Where Src-family 
kinase activity facilitates tumor groWth or survival; glom 
erulonephritis; serum sickness; uticaria; allergic diseases 
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such as respiratory allergies (asthma, hayfever, allergic 
rhinitis) or skin allergies; scleracierma; mycosis fungoides; 
acute in?ammatory responses (such as acute respiratory 
distress syndrome and ishchemia/reperfusion injury); der 
matomyositis; alopecia areata; chronic actinic dermatitis; 
ecZema; Behcet’s disease; Pustulosis palmoplanteris; Pyo 
derma gangrenum; SeZary’s syndrome; atopic dermatitis; 
systemic schlerosis; and morphea. The present invention 
also provides a method for treating the aforementioned 
disorders such as atopic dermatitis by administration of any 
compound capable of inhibiting protein tyrosine kinase. 

Src-family kinases other than Lck, such as Hck and Fgr, 
are important in the Fc gamma receptor responses of mono 
cytes and macrophages. Compounds of the present invention 
inhibit the Fc gamma dependent production of TNF alpha in 
the monocyte cell line THP-l that does not express Lck. The 
ability to inhibit Fc gamma receptor dependent monocyte 
and macrophage responses results in additional anti 
in?ammatory activity for the present compounds beyond 
their effects on T cells. This activity is especially of value, 
for example, in the treatment of in?ammatory diseases such 
as arthritis or in?ammatory boWel disease. In particular, the 
present compounds are of value for the treatment of autoim 
mune glomerulonephritis and other instances of glomerulo 
nephritis induced by deposition of immune complexes in the 
kidney that trigger Fc gamma receptor responses leading to 
kidney damage. 

In addition, Src family kinases other than Lck, such as 
Lyn and Src, are important in the Fc epsilon receptor 
induced degranulation of mast cells and basophils that plays 
an important role in asthma, allergic rhinitis, and other 
allergic disease. Fc epsilon receptors are stimulated by 
IgE-antigen complexes. Compounds of the present invention 
inhibit the Fc epsilon induced degranulation responses, 
including in the basophil cell line RBL that does not express 
Lck. The ability to inhibit Fc epsilon receptor dependent 
mast cell and basophil responses results in additional anti 
in?ammatory activity for the present compounds beyond 
their effect on T cells. In particular, the present compounds 
are of value for the treatment of asthma, allergic rhinitis, and 
other instances of allergic disease. 
The combined activity of the present compounds toWards 

monocytes, macrophages, T cells, etc. may be of value in the 
treatment of any of the aforementioned disorders. 

In a particular embodiment, the compounds of the present 
invention are useful for the treatment of the aforementioned 
exemplary disorders irrespective of their etiology, for 
example, for the treatment of transplant rejection, rheuma 
toid arthritis, multiple sclerosis, chronic obstructive pulmo 
nary disease, in?ammatory boWel disease, lupus, graft v. 
host disease, T-cell mediated hypersensitivity disease, 
psoriasis, Hashimoto’s thyroiditis; Guillain-Barre 
syndrome, cancer, contact dermatitis, allergic disease such 
as allergic rhinitis, asthma, ischemic or reperfusion injury, or 
atopic dermatitis Whether or not associated With PTK. 

By virtue of their ability to inhibit HERl and HER2 
kinases, compounds of the present invention can also be 
used for the treatment of proliferative diseases, including 
psoriasis and cancer. The HERl receptor kinase has been 
shoWn to be expressed and activated in many solid tumors 
including non-small cell lung, colorectal, and breast cancer. 
Similarly, the HERZ receptor kinase has been shoWn to be 
overexpressed in breast, ovarian, lung and gastric cancer. 
Monoclonal antibodies that doWnregulate the abundance of 
the HER2 receptor or inhibit signaling by the HERl receptor 
have shoWn anti-tumor eff?cacy in preclincal and clinical 
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studies. It is therefore expected that inhibitors of the HER1 
and HER2 kinases Will have e?icacy in the treatment of 
tumors that depend on signaling from either of the tWo 
receptors. These compounds are expected to have e?icacy 
either as single agent or in combination With other chemo 
therapeutic agents such as placlitaxel (Taxol), doxorubicin 
hydrochloride (adriamycin), and cisplatin (Platinol). See the 
following documents and references cited therein: Cobleigh, 
M. A., Vogel, C. L., Tripathy, D., Robert, N. J., Scholl, S., 
Fehrenbacher, L., Wolter, J. M., Paton, V., Shak, S., 
Lieberman, G., and Slamon, D. J ., “Multinational study of 
the e?icacy and safety of humaniZed anti-HER2 monoclonal 
antibody in Women Who have HER2-overexpressing meta 
static breast cancer that has progressed after chemotherapy 
for metastatic disease”, J. of Clin. Oncol. 17(9), p. 
2639—2648 (1999); Baselga, J., P?ster, D., Cooper, M. R., 
Cohen, R., Burtness, B., Bos, M., D’Andrea, G., Seidman, 
A., Norton, L., Gunnett, K., Falcey, J ., Anderson, V., Waksal, 
H., and Mendelsohn, J ., “Phase I studies of anti-epidermal 
groWth factor receptor chimeric antibody C225 alone and in 
combination With cisplatin”, J. Clin. Oncol. 18(4), p. 
904—914 (2000). 

The present invention also provides pharmaceutical com 
positions comprising at least one of the compounds of the 
formula I capable of treating a protein tyrosine kinase 
associated disorder in an amount effective therefor, and a 
pharmaceutically acceptable vehicle or diluent. The compo 
sitions of the present invention may contain other therapeu 
tic agents as described beloW, and may be formulated, for 
example, by employing conventional solid or liquid vehicles 
or diluents, as Well as pharmaceutical additives of a type 
appropriate to the mode of desired administration (for 
example, excipients, binders, preservatives, stabiliZers, 
?avors, etc.) according to techniques such as those Well 
knoWn in the art of pharmaceutical formulation. 

The compounds of the formula I may be administered by 
any suitable means, for example, orally, such as in the form 
of tablets, capsules, granules or poWders; sublingually; 
buccally; parenterally, such as by subcutaneous, 
intravenous, intramuscular, or intrasternal injection or infu 
sion techniques (e.g., as sterile injectable aqueous or non 
aqueous solutions or suspensions); nasally such as by inha 
lation spray; topically, such as in the form of a cream or 
ointment; or rectally such as in the form of suppositories; in 
dosage unit formulations containing non-toxic, pharmaceu 
tically acceptable vehicles or diluents. The present com 
pounds may, for example, be administered in a form suitable 
for immediate release or extended release. Immediate 
release or extended release may be achieved by the use of 
suitable pharmaceutical compositions comprising the 
present compounds, or, particularly in the case of extended 
release, by the use of devices such as subcutaneous implants 
or osmotic pumps. The present compounds may also be 
administered liposomally. 

Exemplary compositions for oral administration include 
suspensions Which may contain, for example, microcrystal 
line cellulose for imparting bulk, alginic acid or sodium 
alginate as a suspending agent, methylcellulose as a viscos 
ity enhancer, and sWeeteners or ?avoring agents such as 
those knoWn in the art; and immediate release tablets Which 
may contain, for example, microcrystalline cellulose, dical 
cium phosphate, starch, magnesium stearate and/or lactose 
and/or other excipients, binders, extenders, disintegrants, 
diluents and lubricants such as those knoWn in the art. The 
present compounds may also be delivered through the oral 
cavity by sublingual and/or buccal administration. Molded 
tablets, compressed tablets or freeZe-dried tablets are exem 
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plary forms Which may be used. Exemplary compositions 
include those formulating the present compound(s) With fast 
dissolving diluents such as mannitol, lactose, sucrose and/or 
cyclodextrins. Also included in such formulations may be 
high molecular Weight excipients such as celluloses (avicel) 
or polyethylene glycols (PEG). Such formulations may also 
include an excipient to aid mucosal adhesion such as 
hydroxy propyl cellulose (HPC), hydroxy propyl methyl 
cellulose (HPMC), sodium carboxy methyl cellulose 
(SCMC), maleic anhydride copolymer (e.g., GantreZ), and 
agents to control release such as polyacrylic copolymer (e. g., 
Carbopol 934). Lubricants, glidants, ?avors, coloring agents 
and stabiliZers may also be added for ease of fabrication and 
use. 

Exemplary compositions for nasal aerosol or inhalation 
administration include solutions in saline Which may 
contain, for example, benZyl alcohol or other suitable 
preservatives, absorption promoters to enhance 
bioavailability, and/or other solubiliZing or dispersing agents 
such as those knoWn in the art. 

Exemplary compositions for parenteral administration 
include injectable solutions or suspensions Which may 
contain, for example, suitable non-toxic, parenterally 
acceptable diluents or solvents, such as mannitol, 1,3 
butanediol, Water, Ringer’s solution, an isotonic sodium 
chloride solution, or other suitable dispersing or Wetting and 
suspending agents, including synthetic mono- or 
diglycerides, and fatty acids, including oleic acid. 

Exemplary compositions for rectal administration include 
suppositories Which may contain, for example, a suitable 
non-irritating excipient, such as cocoa butter, synthetic glyc 
eride esters or polyethylene glycols, Which are solid at 
ordinary temperatures, but liquify and/or dissolve in the 
rectal cavity to release the drug. 
Exemplary compositions for topical administration 

include a topical carrier such as Plastibase (mineral oil 
gelled With polyethylene). 
The effective amount of a compound of the present 

invention may be determined by one of ordinary skill in the 
art, and includes exemplary dosage amounts for an adult 
human of from about 0.1 to 100 mg/kg of body Weight of 
active compound per day, Which may be administered in a 
single dose or in the form of individual divided doses, such 
as from 1 to 4 times per day. It Will be understood that the 
speci?c dose level and frequency of dosage for any particu 
lar subject may be varied and Will depend upon a variety of 
factors including the activity of the speci?c compound 
employed, the metabolic stability and length of action of that 
compound, the species, age, body Weight, general health, 
sex and diet of the subject, the mode and time of 
administration, rate of excretion, drug combination, and 
severity of the particular condition. Preferred subjects for 
treatment include animals, most preferably mammalian spe 
cies such as humans, and domestic animals such as dogs, 
cats and the like, subject to protein tyrosine kinase 
associated disorders. 
The compounds of the present invention may be 

employed alone or in combination With each other and/or 
other suitable therapeutic agents useful in the treatment of 
protein tyrosine kinase-associated disorders such as PTK 
inhibitors other than those of the present invention, 
antiin?ammatories, antiproliferatives, chemotherapeutic 
agents, immunosuppressants, anticancer agents and cyto 
toxic agents. 

Exemplary such other therapeutic agents include the 
folloWing: cyclosporins (e.g., cyclosporin A), CTLA4-Ig, 
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antibodies such as anti-ICAM-3, anti-IL-2 receptor (Anti 
Tac), anti-CD45RB, anti-CD2, anti-CD3 (OKT-3), anti 
CD4, anti-CD80, anti-CD86, monoclonal antibody OKT3, 
agents blocking the interaction betWeen CD40 and gp39, 
such as antibodies speci?c for CD40 and/or gp39 (i.e., 
CD154), fusion proteins constructed from CD40 and gp39 
(CD40Ig and CD8gp39), inhibitors, such as nuclear trans 
location inhibitors, of NF-kappa B function, such as deox 
yspergualin (DSG), non-steroidal antiin?ammatory drugs 
(NSAIDs) such as ibuprofen, steroids such as prednisone or 
dexamethasone, gold compounds, antiproliferative agents 
such as methotrexate, FK506 (tacrolimus, Prograf), myco 
phenolate mofetil, cytotoxic drugs such as aZathiprine and 
cyclophosphamide, TNF-ot inhibitors such as tenidap, anti 
TNF antibodies or soluble TNF receptor such as etanercept 
(Enbrel), rapamycin (sirolimus or Rapamune), le?unimide 
(Arava), and cyclooxygenase-2 (COX-2) inhibitors such as 
celecoxib (Celebrex) and rofecoxib (Vioxx), or derivatives 
thereof, and the PTK inhibitors disclosed in the following 
US. Patent Applications, incorporated herein by reference 
in their entirety: Ser. No. 60/056,770, ?led Aug. 25, 1997, 
Ser. No. 60/069,159, ?led Dec. 9, 1997, Ser. No. 09/097,338, 
?led Jun. 15, 1998, Ser. No. 60/056,797, ?led Aug. 25, 1997, 
Ser. No. 09/094,797, ?led Jun. 15, 1998, Ser. No. 60/065, 
042, ?led Nov. 10, 1997, Ser. No. 09/173,413, ?led Oct. 15, 
1998, Ser. No. 60,076,789, ?led Mar. 4, 1998, and Ser. No. 
09,262,525, ?led Mar. 4, 1999. See the folloWing documents 
and references cited therein: Hollenbaugh, D., DouthWright, 
J ., McDonald, V., and Aruffo, A., “Cleavable CD40Ig fusion 
proteins and the binding to sgp39”, J. Immunol. Methods 
(Netherlands), 188(1), p. 1—7 (Dec. 15, 1995); Hollenbaugh, 
D., Grosmaire, L. S., Kullas, C. D., Chalupny, N. J., 
Braesch-Andersen, S., Noelle, R. J., Stamenkovic, I., 
Ledbetter, J. A., and Aruffo, A., “The human T cell antigen 
gp39, a member of the TNF gene family, is a ligand for the 
CD40 receptor: expression of a soluble form of gp39 With B 
cell co-stimulatory activity”, EMBO J (England), 11(12), p 
4313—4321 (December 1992); and Moreland, L. W. et al., 
“Treatment of rheumatoid arthritis With a recombinant 
human tumor necrosis factor receptor (p75)-Fc fusion 
protein, New England J. of Medicine, 337(3), p. 141—147 
(1997). 

Exemplary classes of anti-cancer agents and cytotoxic 
agents include, but are not limited to: alkylating agents, such 
as nitrogen mustards, alkyl sulfonates, nitrosoureas, 
ethylenimines, and triaZenes; antimetabolites, such as folate 
antagonists, purine analogues, and pyrimidine analogues; 
antibiotics, such as anthracyclines, bleomycins, mitomycin, 
dactinomycin, and plicamycin; enZymes, such as 
L-asparaginase; farnesyl-protein transferase inhibitors; hor 
monal agents, such as glucocorticoids, estrogens/ 
antiestrogens, androgens/antiandrogens, progestins, and 
luteiniZing hormone-releasing hormone anatagonists, oct 
reotide acetate; microtubule-disruptor agents, such as ect 
einascidins or their analogs and derivatives; microtubule 
stabiliZing agents such as paclitaxel (Taxol®), docetaxel 
(Taxotere®), and epothilones A—F or their analogs or deriva 
tives; plant-derived products, such as vinca alkaloids, 
epipodophyllotoxins, taxanes; and topoisomerase inhibitors; 
prenyl-protein transferase inhibitors; and miscellaneous 
agents such as, hydroxyurea, procarbaZine, mitotane, 
hexamethylmelamine, platinum coordination complexes 
such as cisplatin and carboplatin; and other agents used as 
anti-cancer and cytotoxic agents such as biological response 
modi?ers, groWth factors; immune modulators, and mono 
clonal antibodies. The compounds of the invention may also 
be used in conjunction With radiation therapy. 
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Representative examples of these classes of anti-cancer 

and cytotoxic agents include, but are not limited to, mechlo 
rethamine hydrochlordie, cyclophosphamide, chlorambucil, 
melphalan, ifosfamide, busulfan, carmustin, lomustine, 
semustine, streptoZocin, thiotepa, dacarbaZine, 
methotrexate, thioguanine, mercaptopurine, ?udarabine, 
pentastatin, cladribin, cytarabine, ?uorouracil, doxorubicin 
hydrochloride, daunorubicin, idarubicin, bleomycin sulfate, 
mitomycin C, actinomycin D, safracins, saframycins, 
quinocarcins, discodermolides, vincristine, vinblastine, 
vinorelbine tartrate, etoposide, teniposide, paclitaxel, 
tamoxifen, estramustine, estramustine phosphate sodium, 
?utamide, buserelin, leuprolide, pteridines, diyneses, 
levamisole, a?acon, interferon, interleukins, aldesleukin, 
?lgrastim, sargramostim, rituximab, BCG, tretinoin, irino 
tecan hydrochloride, betamethosone, gemcitabine 
hydrochloride, altretamine, and topoteca and any analogs or 
derivatives thereof. 

Preferred members of these classes include, but are not 
limited to paclitaxel, cisplatin, carboplatin, doxorubicin, 
carminomycin, daunorubicin, aminopterin, methotrexate, 
methopterin, mitomycin C, ecteinascidin 743, por?romycin, 
5-?uorouracil, 6-mercaptopurine, gemcitabine, cytosine 
arabinoside, podophyllotoxin or podophyllotoxin deriva 
tives such as etoposide, etoposide phosphate or teniposide, 
melphalan, vinblastine, vincristine, leurosidine, vindesine, 
and leurosine. 
Examples of anti-cancer and other cytotoxic agents 

include the folloWing: epothilone derivatives as found in 
US. Ser. No. 09/506,481 ?led Feb. 17, 2000; German Patent 
No. 41380428; WO 97/19086, WO 98/22461, WO 
98/25929, WO 98/38192, WO 99/01124, WO 99/02224, 
WO 99/02514, WO 99/03848, WO 99/07692, WO 
99/27890, WO 99/28324, WO 99/43653, WO 99/54330, 
WO 99/54318, WO 99/54319, WO 99/65913, WO 
99/67252, WO 99/67253, and WO 00/00485; cyclin depen 
dent kinase inhibitors as found in WO 99/24416; and prenyl 
protein transferase inhibitors as found in WO 97/30992 and 
WO 98/54966. 

The above other therapeutic agents, When employed in 
combination With the compounds of the present invention, 
may be used, for example, in those amounts indicated in the 
Physicians’ Desk Reference (PDR) or as otherWise deter 
mined by one of ordinary skill in the art. 
The folloWing assays can be employed in ascertaining the 

degree of activity of a compound (“test compound”) as a 
PTK inhibitor. 

Compounds described in the folloWing Examples have 
been tested in one or more of these assays, and have shoWn 
activity. 

EnZyme Assay Using Lck, Fyn, Lyn, Hck, Fgr, Src, 
Blk or Yes 

The folloWing assay has been carried out using the protein 
tyrosine kinases Lck, Fyn, Lyn, Hck, Fgr, Src, Blk and Yes. 
The protein tyrosine kinase of interest is incubated in 

kinase buffer (20 mM MOPS, pH7, 10 mM MgCl2) in the 
presence of the test compound. The reaction is initiated by 
the addition of substrates to the ?nal concentration of 1 nM 
ATP, 3.3 nCi/ml [33P] gamma-ATP, and 0.1 mg/ml acid 
denatured enolase (prepared as described in Cooper, J. A., 
Esch, F. S., Taylor, S. S., and Hunter, T., “Phosphorylation 
sites in enolase and lactate dehydrogenase utiliZed by 
tyrosine protein kinases in vivo and in vitro”, J. Biol. Chem, 
259, 7835—7841 (1984)). The reaction is stopped after 10 
minutes by the addition of 10% trichloroacetic acid, 100 mM 
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sodium pyrophosphate followed by 2 mg/ml bovine serum 
albumin. The labeled enolase protein substrate is precipi 
tated at 4 degrees, harvested onto Packard Uni?lter plates 
and counted in a Topcount scintillation counter to ascertain 
the protein tyrosine kinase inhibitory activity of the test 
compound (activity inversely proportional to the amount of 
labeled enolase protein obtained). The exact concentration 
of reagents and the amount of label can be varied as needed. 

This assay is advantageous as it employs an exogenous 
substrate (enolase) for more accurate enZyme kinetics, and 
can be conducted in a 96-Well format that is readily auto 
mated. In addition, His-tagged protein tyrosine kinases 
(described beloW) offer much higher production yields and 
purity relative to GST-protein tyrosine kinase fusion protein. 

The protein tyrosine kinase may be obtained from com 
mercial sources or by recombinant methods described here 
With. For the preparation of recombinant Lck, human Lck 
Was prepared as a His-tagged fusion protein using the Life 
Technologies (Gibco) baculovirus vector pFastBac Hta 
(commercially available) in insect cells. A cDNA encoding 
human Lck isolated by PCR (polymerase chain reaction) 
Was inserted into the vector and the protein Was expressed 
using the methods described by the manufacturer. The Lck 
Was puri?ed by af?nity chromatography. For the production 
of Lck in insect cells using baculovirus, see Spana, C., 
O’Rourke, E. C., Bolen, J. B., and Fargnoli, J., “Analysis of 
the tyrosine kinase p56lck expressed as a glutathione 
S-transferase protein in Spodoptera frugiperda cells,” Pro 
tein expression and puri?cation, Vol. 4, p. 390—397 (1993). 
Similar methods may be used for the recombinant produc 
tion of other Src-family kinases. 

Enzyme Assay Using HER1 or HER2 

Compounds of interest Were assayed in a kinase buffer 
that contained 20 mM Tris.HCl, pH 7.5, 10 mM MnCl2, 0.5 
mM dithiothreitol, bovine serum albumin at 0.1 mg/ml, 
poly(glu/tyr, 4:1) at 0.1 mg/ml, 1 nM ATP, and 4 nCi/ml 
[gamma-33P]AT P. Poly(glu/tyr, 4:1) is a synthetic polymer 
that serves as a phosphoryl acceptor and is purchased from 
Sigma Chemicals. The kinase reaction is initiated by the 
addition of enZyme and the reaction mixtures Were incu 
bated at 26° C. for 1 h. The reaction is terminated by the 
addition of EDTA to 50 mM and proteins are precipitated by 
the addition of trichloroacetic acid to 5%. The precipitated 
proteins are recovered by ?ltration onto Packard Uni?lter 
plates and the amount of radioactivity incorporated is mea 
sured in a Topcount scintillation counter. 

For the preparation of recombinant HER1, the cytoplas 
mic sequence of the receptor Were expressed in insect cells 
as a GST fusion protein, Which Was puri?ed by affinity 
chromatography as described above for Lck. The cytoplas 
mic sequence of HER2 Was subcloned into the baculovirus 
expression vector pBlueBac4 (Invitrogen) and Was 
expressed as an untagged protein in insect cells. The recom 
binant protein Was partially puri?ed by ion-exchange chro 
matography. 

Cell Assays 
(1) Cellular Tyrosine Phosphorylation 

Jurkat T cells are incubated With the test compound and 
then stimulated by the addition of antibody to CD3 
(monoclonal antibody G19-4). Cells are lysed after 4 min 
utes or at another desired time by the addition of a lysis 
buffer containing NP-40 detergent. Phosphorylation of pro 
teins is detected by anti-phosphotyrosine immunoblotting. 
Detection of phosphorylation of speci?c proteins of interest 
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such as ZAP-70 is detected by immunoprecipitation With 
anti-ZAP-70 antibody folloWed by anti-phosphotyrosine 
immunoblotting. Such procedures are described in 
Schieven, G. L., Mittler, R. S., Nadler, S. G., Kirihara, J. M., 
Bolen, J. B., Kanner, S. B., and Ledbetter, J. A., “ZAP-70 
tyrosine kinase, CD45 and T cell receptor involvement in 
UV and H202 induced T cell signal transduction”, J. Biol. 
Chem, 269, 20718—20726 (1994), and the references incor 
porated therein. The Lck inhibitors inhibit the tyrosine 
phosphorylation of cellular proteins induced by anti-CD3 
antibodies. 

For the preparation of G19-4, see Hansen, J. A., Martin, 
P. J ., Beatty, P. G., Clark, E. A., and Ledbetter, J. A., “Human 
T lymphocyte cell surface molecules de?ned by the Work 
shop monoclonal antibodies,” in Leukocyte Typing I, A. 
Bernard, J. Boumsell, J. Dausett, C. Milstein, and S. 
Schlossman, eds. (NeW York: Springer Verlag), p. 195—212 
(1984); and Ledbetter, J. A., June, C. H., Rabinovitch, P. S., 
Grossman, A., Tsu, T. T., and Imboden, J. B., “Signal 
transduction through CD4 receptors: stimulatory vs. inhibi 
tory activity is regulated by CD4 proximity to the CD3/T 
cell receptor”, Em: J. ImmunoL, 18, 525 (1988). 
(2) Calcium Assay 
Lck inhibitors block calcium mobiliZation in T cells 

stimulated With anti-CD3 antibodies. Cells are loaded With 
the calcium indicator dye indo-1, treated With anti-CD3 
antibody such as the monoclonal antibody G19-4, and 
calcium mobiliZation is measured using ?oW cytometry by 
recording changes in the blue/violet indo-1 ratio as 
described in Schieven, G. L., Mittler, R. S., Nadler, S. G., 
Kirihara, J. M., Bolen, J. B., Kanner, S. B., and Ledbetter, J. 
A., “ZAP-70 tyrosine kinase, CD45 and T cell receptor 
involvement in UV and H202 induced T cell signal 
transduction”, J. Biol. Chem, 269, 20718—20726 (1994), 
and the references incorporated therein. 
(3) Proliferation Assays 
Lck inhibitors inhibit the proliferation of normal human 

peripheral blood T cells stimulated to groW With anti-CD3 
plus anti-CD28 antibodies. A 96 Well plate is coated With a 
monoclonal antibody to CD3 (such as G19-4), the antibody 
is alloWed to bind, and then the plate is Washed. The 
antibody bound to the plate serves to stimulate the cells. 
Normal human peripheral blood T cells are added to the 
Wells along With test compound plus anti-CD28 antibody to 
provide co-stimulation. After a desired period of time (e.g., 
3 days), the [3H]-thymidine is added to the cells, and after 
further incubation to alloW incorporation of the label into 
neWly synthesiZed DNA, the cells are harvested and counted 
in a scintillation counter to measure cell proliferation. 
The folloWing Examples illustrate embodiments of the 

present invention, and are not intended to limit the scope of 
the claims. Abbreviations employed in the Examples are 
de?ned beloW. Compounds of the Examples are identi?ed by 
the example and step in Which they are prepared (for 
example, “1A” denotes the title compound of step A of 
Example 1), or by the example only Where the compound is 
the title compound of the example (for example, “2” denotes 
the title compound of Example 2). 

Abbreviations 

aq.=aqueous 
conc.=concentrated 
DMSO=dimethylsulfoxide 
EtOAc=ethyl acetate 
Et2O=diethyl ether 
h=hours 
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HATU=N-[dimethylamino-1H-1,2,3-triaZolo-[4,5-b] 
pyridin-1-yl methylenel-N-methyl methanaminium 
heXa?uorophosphate N-oXide 

MeOH=methanol 

MOPS=4-morpholine-propanesulfonic acid 
MS=mass spectrometry 

Ret Time=retention time 

RT=room temperature 

satd.=saturated 

TFA=tri?uoroacetic acid 

THF=tetrahydrofuran 
DMF=N,N-dimethylformamide 

EXAMPLE 1 

Preparation of [5-[[(2,4,6-Trimethylphenyl)amino]carbonyl]—4— 
methyl-2-thiazolyl]carbamic acid, 1,1-dimethylethyl ester 

CH3 

H3C O N CH3 
H3C \ X )k A N 
H3C o N 5 

o 

H3C 

A. Ethyl-2-tert-butoXycarbonyloXyamino-4-methyl 
thiaZole-5-carboXylate 

CH3 

A suspension of ethyl-2-amino-4-methyl-thiaZole-5 
carboXylate (18.6 g, 100 mmol), di-t-butyldicarbonate (26.2 
g, 120 mmol) and 4-dimethylaminopyridine (800 mg, 6.55 
mmol) in dry tetrahydrofuran (300 mL) Was stirred under 
nitrogen for 18 h. The solvent Was evaporated in vacuo. The 
residue Was suspended in dichloromethane (1 L) and ?ltered 
through a pad of celite. The ?ltrate Was Washed With 1 N 
aqueous HCl solution (300 mL, 2><), Water and brine, dried 
(MgSO4), and concentrated in vacuo. The residue Was 
triturated With heXanes. The solid Was ?ltered and dried in 
vacuo to obtain the title compound (20 g, 72%) as a tan solid. 

B. 2-tert-ButoXycarbonyloXyamino-4-methyl-thiaZole-5 
carboXylic Acid 
A stirred solution of ethyl-2-tert 

butoXycarbonyloXyamino-4-methyl-thiaZole-5-carboXylate 
(10 g, 34.95 mmol) in tetrahydrofuran-ethanol (250 mL, 2:3) 
Was treated With a 6N KOH solution (250 mL). The mixture 
Was heated to 55° C. overnight. The solution Was cooled to 
0° C. and acidi?ed With concd. HCl to pH 1. The solvent Was 
evaporated in vacuo. The residue Was Washed With Water, 
diethyl ether, dried in vacuo over anhydrous phosphorous 
pentoXide to obtain the title acid (6 g, 89%) as a White solid. 

C. 2-tert-ButoXycarbonyloXyamino-4-methyl-thiaZole-5 
carboXylic Acid Chloride 
A 2 M solution of oXalyl chloride in dichloromethane 

(22.5 mL, 45 mmol) Was added dropWise to a stirred 
suspension of 2-tert-butoXycarbonyloXyamino-4-methyl 
thiaZole-5-carboXylic acid (10 g, 38.72 mmol) in dichlo 
romethane (150 mL) and N,N-dimethyl formamide (150 ML) 
at 0° C. The suspension gradually became homogenous after 
addition Was complete. The solution Was alloWed to Warm to 

room temperature and stirred at rt for 1.5 h. The solvent Was 
evaporated in vacuo and the residue Was coevaporated With 
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32 
toluene (300 mL, 2x) and then dried in vacuo to obtain the 
title acid chloride (10.7 g, 99%) as a tan solid. 

D. [5-[[(2 4,6-Trimethylphenyl)amino]carbonyl]-4-methyl 
2-thiaZolyl]carbamic Acid, 1,1-Dimethylethyl Ester 

2,4,6-Trimethyl aniline (6.3 mL, 38.66 mmol) Was added 
dropWise to a stirred solution of 2-tert 
butoXycarbonyloXyamino-4-methyl-thiaZole-5-carboXylic 
acid chloride (10.7 g, 38.66 mmol) in dichloromethane (150 
mL) at 0° C. After 20 min, diisopropylethylamine (8.8 mL, 
44.88 mmol) Was added dropWise. The solution Was alloWed 
to Warm to rt and stirred for an additional 2 h. The solvent 
Was evaporated in vacuo. The residue Was suspended in 
EtOAc (700 mL), Washed With 1 N aq. HCl solution (300 
mL, 2><), Water, and brine; dried (MgSO4), ?ltered and 
concentrated. The residue Was triturated With ether to obtain 
the title compound (12.5 g, 86%) as a tan solid. 

EXAMPLE 2 

Preparation of 2-Amino-N—(2,4,6—trimethylphenyl)—4— 
methyl-5-thiazolecarboXamide 

CH3 

N \ CH3 

J/\ N 
HzN S 

O 

H3C CH3 

A solution of [5-[[(2,4,6-Trimethylphenyl)amino] 
carbonyl]-4-methyl-2-thiaZolyl]carbamic acid, 1,1 
dimethylethyl ester (10 g, 26.63 mmol) in tri?uoroacetic 
acid (100 mL) Was stirred at rt for 3 h. The solution Was 
concentrated under reduced pressure and the residue Was 
diluted With EtOAc (700 mL), Washed With 5% aq. KHCO3 
solution (400 mL, 2><), Water, and brine; dried (MgSO4), 
?ltered and concentrated. The residue Was Washed With ether 

(200 mL) and acetonitrile (100 mL) to obtain the title 
compound (6.7 g, 91%) as a White solid. 

EXAMPLE 3 

Preparation of [5-[[(2,4,6—Trimethylphenyl)amino]carbonyl]—4— 
trifluoromethyl-2-thiazolyl]carbamic acid, 1,1-dimethylethyl ester 

F F 

F 

H3C o N CH3 
H3C \ X i A N 
H3C o N S 

o 

H3C CH3 

A. Ethyl-2-tert-butoXycarbonyloXyamino-4 
tri?uoromethyl-thiaZole-5-carboXylate 
A suspension of ethyl-2-amino-4-tri?uoromethyl 

thiaZole-5-carboXylate (5 .05 g, 21.02 mmol), di-t 
butyldicarbonate (4.82 g, 22.07 mmol) and 
4-dimethylaminopyridine (260 mg, 2.1 mmol) in dichlo 
romethane (209 mL) Was stirred under nitrogen for 1.5 h. 
The solvent Was evaporated in vacuo. The residue Was 
chromatographed on a silica gel column. Elution With 5% 
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EtOAc in hexanes, followed by 15% EtOAc in hexanes 
afforded the title compound (6.57 g, 92%) as a White solid. 

B. 2-tert-Butoxycarbonyloxyamino-4-tri?uoromethyl 
thiaZole-5-carboxylic Acid 

A stirred solution of ethyl-2-tert 
butoxycarbonyloxyamino-4-tri?uoromethyl-thiaZole-5 
carboxylate (6.5 g, 19.1 mmol) in methanol (100 mL) Was 
treated With a 1N aq. NaOH solution (573 mL). The mixture 
Was stirred at rt overnight. The solution Was cooled to 0° C. 
and acidi?ed With a 6 M aq. HCl solution to pH 1 and 
extracted With chloroform (150 mL, 6x). The chloroform 
extracts Were combined, dried (Na2SO4), ?ltered and con 
centrated under reduced pressure and in vacuo to obtain the 
title acid (5.75 g, 96%) as a White solid. 

C. [5-[[(2,4,6-Trimethylphenyl)amino]carbonyl]-4 
tri?uoromethyl-2-thiaZolyl]carbamic Acid, 1,1 
Dimethylethyl Ester 

4-Methylmorpholine (40 pL, 0.39 mmol) Was added to a 
mixture of 2-tert-butoxycarbonyloxyamino-4 
tri?uoromethyl-thiaZole-5-carboxylic acid (100 mg, 0.32 
mmol), 2,4,6-trimethylaniline (45 pL, 0.32 mmol), and 
benZotriaZol-1-yloxy-tris-(dimethylamino)phosphonium 
hexa?uorophosphate (BOP reagent, 380 mg, 0.4 mmol) in 
DMF (2 mL). The solution Was stirred at rt for 72 h, diluted 
With dichloromethane and Washed With 0.25 M aq. KHSO4 
solution folloWed by satd. aq. KHCO3 solution. The dichlo 
romethane extract Was separated, dried (Na2SO4), ?ltered 
and concentrated. The residue Was chromatographed on a 
silica gel column and eluted With 5% EtOAc in hexanes 
folloWed by 10% EtOAc in hexanes to obtain the title 
compound (90 mg, 65%) as a White solid. 

EXAMPLE 4 

Preparation of 2-Amino-N-(2,4,6—trimethylphenyl)— 
4-tri?uoromethyl-5-thiazolecarboxamide, tri?uoroacetate (1:1) 

F F 

F 

N \ CH3 

A N 
HzN S 

O 

H3C CH3 

A solution of [5-[[(2,4,6-Trimethylphenyl)amino] 
carbonyl]-4-tri?uoromethyl-2-thiaZolyl]carbamic acid, 1,1 
dimethylethyl ester (120 mg, 0.28 mmol) in tri?uoroacetic 
acid (5 mL) Was stirred at 0° C. for 1 h. The solution Was 
concentrated under reduced pressure and the residue Was 
coevaporated With ether to obtain a yelloW solid Which Was 
triturated With hexanes to obtain the title compound (96 mg, 
76%) as a light yelloW solid. 
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EXAMPLE 5 

Preparation of [5-[[(2,4,6—Trimethylphenyl)amino]carbonyl]—4— 
phenyl-2-thiazolyl]carbamic acid, 1,1-dimethylethyl ester 

0 N CH3 
H3C \ >k i k N 
H3C o N 5 

o 

A. Ethyl-2-tert-butoxycarbonyloxyamino-4-phenyl 
thiaZole-5-carboxylate 

Compound 5A Was prepared by an analogous method as 
that of 3A, except using ethyl-2-amino-4-phenyl-thiaZole 
5-carboxylate to give the title compound 5A as a White solid 

(90.5%). 

B. 2-tert-Butoxycarbonyloxyamino-4-phenyl-thiaZole-5 
carboxylic Acid 

Compound 5B Was prepared by an analogous method as 
that of 3B, except using 5A to give the title compound 5B 
as a White solid (99%). 

C. 2-tert-Butoxycarbonyloxyamino-4-phenyl-thiaZole-5 
carboxylic Acid Chloride 

Compound 5C Was prepared by an analogous method as 
that of 1C, except using 5B to give the title compound 5C 
as a White solid (90%). 

D. [5-[[(2,4,6-Trimethylphenyl)amino]carbonyl]-4-phenyl 
2-thiaZolyl]carbamic Acid, 1,1-Dimethylethyl Ester 

Compound SD was prepared by an analogous method as 
that of 1D, except using SC to give the title compound 5D 
as a light yelloW solid (93%). 

EXAMPLE 6 

Preparation of 2-Amino-N-(2,4,6—trimethylphenyl)—4—phenyl—5— 
thiazolecarboxamide, trifluoroacetate (1:1) 

Compound 6 Was prepared by an analogous method as 
that of 4, except using 5D to give the title compound 6 as a 
White solid (68%). 
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EXAMPLE 7 

Preparation of [5-[[Phenylamino]carbonyl]—4—methyl—2—thiazolyl]carbamic 
acid, 1,1-dimethylethyl ester 

Compound Was prepared by an analogous method as that 
of 1D, except using aniline in place of 2,4,6-trimethylaniline 
and triethylamine in place of diisopropylethylamine to give 
the title compound 7 as an off-White solid (76%). 

EXAMPLE 8 

Preparation of 2-Amino-N-(phenyl)—4—methyl—5—thiazolecarboxamide, 
trifluoracetate 

O 

5 NHZ 

N \ 7/ 
N 

H3C 

Compound 8 Was prepared by an analogous method as 
that of 4, except using 7 to give the title compound 8 as a 
White solid (68%). 

EXAMPLE 9 

Preparation of [5-[[(2,4-Dichlorophenyl)amno]carbonyl]—4—methyl—2— 
thiazolyl]carbamic acid, 1,1-dimethylethyl ester 

CH3 

CH3 0 N 

H3C \ >k )k i N 
H3C o N S 

0 
c1 (:1 

Compound 9 Was prepared by an analogous method as 
that of 1D, except using 2,4-dichloroaniline to give the title 
compound 9 as a White solid (28%). 

EXAMPLE 10 

Preparation of 2-Amino-N-(2,4-dichlorophenyl)—4-methyl-5 
thiazolecarboxamide, trifluoroacetate (1:1) 

: 
Compound 10 Was prepared by an analogous method as 

that of 4, except using 9 to give the title compound 8 as a 
White solid (100%). 
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EXAMPLE 11 

Preparation of 5-[[2,4,6—Trimethylphenyl)amino]carbonyl]—2— 
thiazolyl]carbamic acid, 1,1-dimethylethyl ester 

H3C CH3 
0 

H3C o N 5 
N EX T K / 

CH3 0 N CH3 

A. Ethyl-2-tert-butoxycarbonyloxyamino-thiaZole-5 
carboxylate 
Compound 11A Was prepared by an analogous method as 

that of 3A, except using ethyl-2-amino-thiaZole-5 
carboxylate to give the title compound 11A as a White solid 

(79.5%). 
B. 2-tert-Butoxycarbonyloxyamino-thiaZole-5-carboxylic 
Acid 
Compound 11B Was prepared by an analogous method as 

that of 3B, except using 11A to give the title compound 11B 
as a White solid (95.5%). 
C. 2-tert-Butoxycarbonyloxyamino-thiaZole-5-carboxylic 
Acid Chloride 
Compound 11C Was prepared by an analogous method as 

that of 1C, except using 11B to give the title compound 11C. 
D. [5-[[(2,4,6-Trimethylphenyl)amino]carbonyl]-2 
thiaZolyl]carbamic Acid, 1,1-Dimethylethyl Ester 
Compound 11D Was prepared by an analogous method as 

that of 1D, except using 11C to give the title compound 11D 
as an off-White solid (70%). 

EXAMPLE 12 

Preparation of 2-Amino-N-(2,4,6—trimethylphenyl)—4—phenyl—5— 
thiazolecarboxamide, trifluoroacetate (1:1) 

H3C CH3 
0 l 

HZN 5 

\1 / N 
N CH3 

Compound 12 Was prepared by an analogous method as 
that of 4, except using 11D to give the title compound 12 as 
a light yelloW solid (88%). 

EXAMPLES 13 to 53 

General Procedure 

Compounds 13 to 53 Were prepared folloWing the proce 
dure described beloW. Appropriate amines (0.40 mmol) and 
diisopropylethylamine (70 pL, 0.40 mmol) Were added to a 
suspension of 1C (100 mg, 0.36 mmol) in dichloromethane 
(3 mL). The solution Was stirred mechanically in a sealed 
tube at rt for 16 h. The reaction mixtures Were diluted With 
methanol (200 pL) and loaded in Varian SCX ion exchange 
columns (2 g/6 cc) pretreated With methanol 
dichloromethane (8 mL, 1:1) followed by dichloromethane 
(8 mL). SCX Column ?ltration Were performed using a 
Gilson robot unit. The column Was Washed sequentially With 
dichloromethane (9 mL), dichloromethane-methanol (9 mL, 
4:1), dichloromethane-methanol (9 mL, 1:1), methanol (9 
mL), 0.01 M ammonium hydroxide in methanol (9 mL) and 
0.05 M ammonium hydroxide in methanol (9 mL). The 
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$~47 
* IN  THE  HIGH  COURT  OF  DELHI  AT  NEW  DELHI 
 
+  CS(OS) 586/2013 & CC No. 46/2013 & I.A. Nos. 9827/2013, 

8048/2014 & 13626/2015 
 

Judgment reserved on 27th August, 2015 
Judgment delivered on 7th October, 2015 
 
 

 MERCK SHARP & DOHME CORPORATION &  
ANR.        ..... Plaintiffs 
 

Through: Mr. Pravin Anand, Ms. Archana 
Shankar, Ms. Tusha Malhotra, Ms. 
Udita M Patro, Ms. Nupur Maithani 
and Mr. Devender Rawat, Advs. 

    Versus 
 
 GLENMARK PHARMACEUTICALS LTD.       ..... Defendant 
 

Through Mrs. Pratibha M Singh, Sr. Adv. with 
Ms. Saya Choudhary, Ms. Manika 
Arora, Ms. Archana Singh, Mr. 
Aditya Jayaraj, Ms. Mitali Agarwal 
and Mr. Shobhit Choudhary, Advs. 

CORAM: 
HON'BLE MR. JUSTICE A.K. PATHAK 
 
A.K. PATHAK, J.  

 

1. Plaintiffs have filed this suit against the defendant for permanent 

injunction praying therein that defendants, its directors, employees, officers 
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etc. be restrained from making, using, selling, distributing, advertising, 

exporting, offering for sale or dealing in Sitagliptin Phosphate Monohydrate 

or any other salt of Sitagliptin in any form, alone or in combination with one 

or more other drugs or from doing any other thing that infringes the claimed 

subject matter of the plaintiffs‘ Indian Patent No. 209816.  Damages, 

rendition of accounts and delivery up of the infringing materials has also 

been prayed. 

2. Briefly stated, plaintiffs have alleged in the plaint that plaintiff no. 1 

was formally known as Merck & Company, Inc.  Plaintiff no. 1 has been 

incorporated under the laws of New Jersey, USA, having its principal place 

of business at Whitehouse Station, USA.  Plaint has been signed and verified 

by its constituted Attorney- Mr. K.G. Ananthakrishnan.  Plaintiff no.2 is a 

licensee of plaintiff no.1 for marketing, distributing and selling Sitagliptin as 

also Sitagliptin & Metformin combination in India, under the trade marks 

ISTAVEL and ISTAMET respectively.  Mr. Chetan Gupta is the constituted 

attorney of plaintiff no.2 and is duly authorized to sign, verify and institute 

the plaint on behalf of plaintiff no.2. 

3. Plaintiff no.1 manufactures and markets a range of medicines for 

treatment of various ailments including diabetes.  Plaintiff no.1 invented a 
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molecule, namely, ‗Sitagliptin‘ and got it patented in various countries, 

including India vide Indian Patent No. 209816.  Application no. 

26/CHENP/2004 was filed in India on 6th January, 2004; whereas 

international application no. PCT/US2002/021349 was filed in USA with 

priority date 6th July, 2001.  Patent in India was granted on 6th September, 

2007 under the title BETA-AMINO TETRAHYDROIMIDAZO (1,2-A) 

PYRAZINES and TETRAHYDROTRIOAZOLO (4, 3-A) PYRAZINES as 

DIPEPTIDYL PEPTIDASE INHIBITORS for the treatment of diabetes.  

Grant of patent was not opposed by any member of the public or interested 

party in India at any stage, despite extensive publicity given by the plaintiffs 

to its commercial products sold under the brand name ‗JANUVIA‘ and 

‗JANUMET‘.  The drug is used for treatment of Type II diabetes.   

Sitagliptin was approved for sale in USA in October, 2006 and in Indian 

market on 28th March, 2008.  Patent no. 209816 has 20 claims and 

Sitagliptin is covered by claims 1 to 3, 5 to 10, 14 to 17, inasmuch as, it has 

been specifically claimed by claim 19 of the suit patent.  Example 7 

discloses the method for preparation of Sitagliptin hydrochloride salt. 

4. Chemical structure of Sitagliptin is as under :- 
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5. JANUVIA is a once daily pill with Sitagliptin as its active ingredient 

which helps lower blood sugar levels in people with Type II diabetes.  Given 

below are some additional technical details pertaining to Sitagliptin :- 

(i) IUPAC name of Sitagliptin – 7-[(3R)-3-amino-4-(2,4,5 
trifluorophenyl) butanoyl]-3-(trifluoromethyl)-5,6,7,8-
tetrahydro-1,2,4 triazolol [4,3 a] pyrazine; 

(ii) Mechanism of action – it is DPP-4 inhibitor which helps 
the pancreas to produce more insulin. Thus, Sitagliptin helps 
lower blood sugar when it is too high; 

(iii) The commercial product comprises the R stereoisomer of 
Sitagliptin. The suit patent claims both R and S forms of 
Sitagliptin in genus claim1, as well as the specific R- Sitagliptin 
molecule in claim 19. 

 

6. Keeping in mind public interest JANUVIA was launched in India 

with price tag of `43 a pill which was roughly one-fifth of its price in the 

USA.  The price of `43 was fixed after consulting nearly 350 doctors before 

launching the product in Indian market.  Bulk packs of JANUVIA are 

imported from Italy and are sold by MSD Pharmaceuticals Pvt. Ltd. 

(licensee of the patentee), after packaging into consumer packs by Shasun 
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Pharmaceuticals Ltd. at Puducherry Unit.   Sales of JANUVIA during the 

year 2012 was `96,24,48,996/- and that of JANUMET was `95,64,87,772/-.  

As regards ISTAVEL and ISTAMET sales were `21,91,60,117/- and 

`24,88,69,558/- respectively.   Plaintiffs have also launched patient access 

program under the name ‗MSD Sparsh Helpline‘ which is the first of its kind 

in India.  Objectives of this program is to facilitate optimal and 

comprehensive management of patients with Type II diabetes mellitus by 

improving patient‘s understanding of the disease and its management; 

patient‘s adherence and compliance to prescribed therapy and patient‘s self 

involvement in the disease management process.  Plaintiffs have spent about 

`10 crores from the start of the said programme till filing of the suit.  

7. Defendant is a large pharmaceuticals company and was well aware of 

the plaintiffs‘ product  JANUVIA as also the patent which had been granted 

to cover the same. They were also aware that active ingredient, R- 

Sitagliptin is in JANUVIA and that suit patent no. 209816 claims R-

Sitagliptin as also S-Sitagliptin, inasmuch as, defendant had obtained US 

patent no. 8334385 dated 18th December, 2012 for its process for the 

preparation of R-Sitagliptin and its pharmaceutical salts.   Defendant has 

acknowledged the plaintiffs‘ corresponding US patent for Sitagliptin and its 
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proprietary rights in their patent application.  Plaintiffs have alleged that 

defendant infringes the plaintiff no. 1‘s suit patent no. 209816 since its 

product Sitagliptin Phosphate Monohydrate is covered by claim 19 as well 

as several other claims of the plaintiffs, as contained in the suit patent. By 

virtue of Section 48 of The Indian Patents Act,1970 (‗The Act‘, for short) 

plaintiffs have exclusive rights to prevent any third party from the acts of 

making, using, offering for sale, selling or importing into India, products 

that fall within the scope of the claims of plaintiff no.1 in suit patent as also 

from the acts of using, selling, importing, offering for sale in any manner, 

directly or indirectly, commercializing or dealing in any product obtained 

directly from the process that forms the claimed subject matter of the 

plaintiff no.1‘s suit patent.  The defendant‘s act of manufacturing, selling, 

offering for sale and advertising the pharmaceutical compositions, 

Sitagliptin Phosphate Monohydrate under the brand ‗ZITA‘ and ‗Sitagliptin 

Phosphate Monohydrate and Metformin Hydrochloride‘ under the brand 

name ‗ZITA -MET‘ amounts to infringement of the plaintiff‘s suit patent.  

8. Defendant has filed written statement-cum-counter claim wherein, has 

prayed for revocation of the suit patent.  Defendant has alleged that it does 

not infringe the suit patent since the products that are marketed and sold by 
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the defendant are not covered by the suit patent.  Suit patent disclosed the 

products Sitagliptin/Sitagliptin Hydrochloride; whereas Sitagliptin 

Phosphate Monohydrate is a different chemical entity having different 

physical and chemical properties. In the suit patent, only disclosure made is 

in respect of Sitagliptin Hydrochloride, inasmuch as, there is no enabling 

disclosure qua any other Sitagliptin product.  Plaintiffs itself had filed patent 

application (5948/DELNP/2005) in respect of Sitagliptin Phosphate 

Monohydrate wherein it claimed that the product under the said patent was 

novel, inventive and has industrial applicability over the product disclosed in 

the suit patent.  Such admissions were made by the plaintiffs in European 

Patent Office (EP 1654263) as well.  In the said application, plaintiffs have 

admitted that suit patent disclosed only hydrochloride salt of Sitagliptin and 

does not contain any disclosure of the dihydrogenphosphate salt.  Further, 

that product disclosed in the suit patent is not capable of being administered 

as a medicine as the same were chemically and physically unstable in nature.  

Various objections were raised by the European Patent Office to the grant of 

European Patent (EP 1654263) to Merck and Co. Inc for Sitagliptin 

Phosphate Monohydrate.  M/s Teva Pharmaceutical Industries Ltd. also 

opposed grant of patent on the ground that it lacked novelty and inventive 
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steps, inter alia, in the light of the first patent (WO 03/004498).  The said 

opposition was rejected and validity of EP 1654263 was upheld.  Thus, 

Sitagliptin Phosphate Monohydrate cannot be said to be subsumed or 

covered by the impugned suit patent.  Plaintiffs did not pursue the 

application in respect of Sitagliptin Phosphate Monohydrate in India and 

voluntarily abandoned the same, resultantly Sitagliptin Phosphate 

Monohydrate is currently in public domain, thus, no infringement action was 

made out qua Sitagliptin Phosphate Monohydrate.  As regards combination 

of Sitagliptin Phosphate and Metformin Hydrochloride, defendant alleges 

that plaintiffs‘ patent application (2710/CHENP/2008) was still pending,   

plaintiffs‘ two after applications in respect of different combinations of 

Sitagliptin Phosphate and Metformin Hydrochloride were also pending.  

Thus, no infringement action was maintainable regarding this combination.  

9. Defendant has also denied the title of plaintiff in the suit patent.  It is 

alleged that suit patent was originally filed by Merck and Co. Inc. and was 

also granted in its name; No documents were filed by the plaintiffs on record 

to establish the relationship between itself and Merck and Co. Inc.  No 

document regarding assignment or license granted by Merck and Co. Inc., 

either in favour of plaintiff no. 1 or in favour of plaintiff no.2 was filed on 
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record.  Plaintiff no.2 was not having any right in the suit patent and was not 

entitled to institute or continue the suit.  Plaintiff no. 2 is the licensee of 

plaintiff no.1, as per the own contentions of plaintiffs, for marketing, 

distributing and selling Sitagliptin as well as Sitagliptin and Metformin 

combination under the trademarks ‗ISTAVEL‘ and ‗ISTAMET‘.  However,  

license agreement between the plaintiff no.1 and plaintiff no. 2 does not 

indicate that plaintiff no.2 was a registered licensee or assignee qua the suit 

patent as the agreement related only to the trade marks ‗ISTAVEL‘ and 

‗ISTAMET‘ and not in respect of the suit patent.  Defendant denies that suit 

was instituted, signed and verified by the duly authorized person(s) on 

behalf of the plaintiffs.   

10. Plaintiffs have not approached this Court with clean hands and have 

suppressed material facts.  They did not disclose, either to the patent office 

or to this Court, the factum of filing of various subsequent patent 

applications, that is, patent application no. 5948/DELNP/2005 abandoned on 

23rd August, 2010, patent application no. 1130/DELNP/2006 abandoned on 

31st March, 2011, patent application bearing no. 2710/CHENP/2008, patent 

application no. 4922/DELNP/2010, though all these applications related to 

Sitagliptin Phosphate Monohydrate salt and combination of Metformin with 
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Sitagliptin Phosphate Monohydrate.  Under the patent law plaintiffs were 

obliged to disclose all such corresponding applications relating to the same 

inventions.  This fact is sufficient enough to dismiss the suit.  Plaintiffs have 

failed to file any technical analysis either in the form of DSC (Differential 

Scanning Calorimetry), TGA (Thermogravimetric Analysis) or XRD (X-

Ray Diffraction) of the defendant‘s products ‗ZITA‘ or ‗ZITA -MET‘ as the 

same would have clearly indicated that the Active Pharmaceutical Ingredient 

used in ‗ZITA‘ and ‗ZITA -MET‘ is Sitagliptin Phosphate Monohydrate and 

combination of Sitagliptin Phosphate Monohydrate & Metformin 

Hydrochloride respectively.  XRD data of its products ‗ZITA‘ and ‗ZITA-

MET‘ corresponds to peak values as disclosed in Indian patent application 

being 5948/DELNP/2005 of the plaintiff for Sitagliptin Phosphate 

Monohydrate, in respect whereof there exists no patent protection in India.  

XRD analysis of the plaintiff no. 1‘s products ‗JANUVIA‘ and ‗JANUMET‘ 

reveal that plaintiff no.1‘s products do not contain Sitagliptin free base.  

11. Defendant has claimed itself to be a company incorporated in the year 

1977 under The Companies Act, 1956, having a full-fledged Research & 

Development Department as well.  It is alleged that defendant is having 

significant presence in branded generics markets across emerging economies 
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including India.  Defendant‘s business is focused on brand building, low 

cost manufacturing, and efficient distribution without violating IP rights of 

others.  Defendant‘s product ‗ZITA‘ and ‗ZITA -MET‘ were different from 

the plaintiffs‘ product, as disclosed in the suit patent, which only 

exemplified salt being Sitagliptin Hydrochloride.  It is alleged that 

Sitagliptin Phosphate Monohydrate as also the combination of Sitagliptin 

Phosphate Monohydrate and Metformin Hydrochloride are totally different 

than the Sitagliptin Hydrochloride salt as disclosed in the suit patent.  

Further, that suit patent is incapable of industrial application and has not 

worked anywhere in the world.   Sitagliptin per se was Sitagliptin 

Hydrochloride as disclosed in suit patent, is an unstable compound incapable 

of commercial production and industrial use.   It is further alleged that 

process followed by the defendant in respect of ‗ZITA‘ and ‗ZITA -MET‘ is 

completely different than the process of manufacturing followed by the 

plaintiff, inasmuch as, in the process of defendant neither Sitagliptin Free 

Base nor Sitagliptin Hydrochloride are used either as a raw material or are 

generated as an intermediate at any stage of the process.   The process being 

devised by the defendant for manufacturing ‗ZITA‘ and ‗ZITA-MET‘ is 

novel and inventive in nature.  Defendant further alleged that price of 
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‗ZITA‘ and ‗ZITA-MET‘ are lower than the price of ‗JANUVIA‘, 

‗JANUMET‘, ‗ISTAVEL‘ and ‗ISTAMET‘.  Not only this, in order to 

benefit the patients who require a dosage of 50 mg of Sitagliptin Phosphate 

Monohydrate, defendant has provided a score line in its product ‗ZITA‘ 100 

mg to enable a patient to consume half the tablet and obtain a dosage of 50 

mg at a price of `14/- per tablet as against plaintiffs‘ product ‗JANUVIA‘ 

and ‗ISTAVEL‘ priced at `43/- per tablet. Accordingly, defendant‘s product 

‗ZITA‘ and ‗ZITA-MET‘ are beneficial to the public at large, inasmuch as, 

plaintiffs have been overcharging the Indian customers by charging the same 

price for ‗JANUMET‘ and ‗ISTAMET‘ regardless of potential and strength 

of the tablet. 

12. In the counter claim, defendant has prayed for revocation of the suit 

patent on the grounds : (a) it lacks inventive step within the meaning of 

section 64(1)(f) of The Patents Act 1970.  The suit patent is obvious to a 

person skilled in the art in the light of various earlier filed patents of the 

plaintiff no.1 as also of third parties relating to DPP IV (DIPEPTIDYL 

PEPTIDASE) inhibiters, that is, EP 1406622 and WO 01/34594; (b) 

invention claimed lacks industrial applicability within the meaning of 

section 64(1)(g) of the Act. Invention disclosed was physically and 

278



CS (OS) 586/2013                                                                                                               Page 13 of 133 
 

chemically unstable in nature and was incapable of being used in solid dose 

formulations; (c) Disclosure was insufficient within the meaning of Section 

64(1)(h) as complete specification was not disclosed regarding the 

preparation of Sitagliptin base so as to enable a person in India, possessing 

average skill and knowledge to work the invention, inasmuch as, as example 

7 of the suit patent describes only hydrochloride salt of Sitagliptin; (d) Any 

claim of the complete specification is not fairly based on the matter 

disclosed in the specification, thus, violated section 64(1)(i) of the Act.  It is 

alleged that disclosures in the suit patent were extremely broad. A patentee 

is granted monopoly only for the subject matter which has been claimed by 

it and has been adequately and sufficiently described, so that the concerned 

invention can be worked by a person skilled in the art in favour of general 

public.  However, by way of the claim 19 of the suit patent the plaintiff no.1 

is claiming a monopoly qua Sitagliptin and its pharmaceutically acceptable 

salts thereof without any supporting information and details except that of 

Hydrochloride salt, thus, no monopoly can be claimed by the plaintiffs qua 

any other salt of Sitagliptin; (e) Patent was obtained on a false suggestion or 

representation and was liable to be revoked under Section 64(1) (j) of the 

Act.  It is alleged that Merck & Co. Inc. deliberately did not disclose the 
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subsequent application filed by it for the dihydrogenphosphate salt of 

Sitagliptin along with its crystalline forms (both hydrate and anhydrate) 

before the patent office. It was also not disclosed that Sitagliptin base and its 

hydrochloride salt (both crystalline and amorphous forms) were not suitable 

for developing the solid pharmaceutical composition, thus, was incapable of 

industrial application. Several applications filed by Merck & Co Inc. 

claiming pharmaceutical compositions pertaining to combination of 

Sitagliptin Phosphate Monohydrate and Metformin hydrochloride were not 

disclosed. Had there been a disclosure of the subsequent applications to the 

controller then the suit patent would not have been granted due to lack of 

industrial applicability; and (f) Applicant failed to comply with Section 8 of 

the Act resultantly patent is liable to be revoked under Section 64 (1) (m) of 

the Act.  It is alleged that plaintiffs were required to provide all the 

information under Section 8 of the Act about the prosecution of 

corresponding or similar application to that of the suit patent, but it failed to 

provide updated status of such applications as well as details regarding their 

prosecution.   

13. Plaintiffs have denied the averments made in the written statement 

and counter claim and have reiterated the averments made in the plaint.  
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Plaintiffs have alleged that JANUVIA and JANUMET as also ZITA and 

ZITA-MET contain Sitagliptin phosphate which is covered by the claims of 

the suit patent. Sitagliptin is the active moiety in Sitagliptin phosphate as it 

is Sitagliptin which inhibits the DPP-IV enzyme.  Sitagliptin Phosphate has 

no material effect upon the way Sitagliptin works in the body.  The product 

inserts of the ZITA and ZITA-MET are blatant copy of the product inserts of 

the plaintiffs‘ products JANUVIA and JANUMET, which indicate that 

efficacy in the treatment of diabetes is as a result of Sitagliptin and not the 

phosphate.  Plaintiffs products are fully covered by the suit patent.  

Plaintiffs‘ patent in US and EP (corresponding to Indian patent application 

no. 5948/DELNP/2005) for Sitagliptin Phosphate is a ‗selection‘ patent.  

Filing of separate patent applications in India and in foreign jurisdictions 

were for different inventions and not for different products and the filing of 

subsequent patent applications for improved inventions does not impair the 

plaintiffs‘ rights to enforce their rights on the basic patent.  The filing of 

subsequent applications or patents neither amount to an admission that the 

invention covered by the subsequent application is an altogether different 

product nor is it an admission that the product of the subsequent application 

is not covered in the scope of the claims of the basic patent.  The concept of 
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multiple patents, covering one commercial product, has been recognized in 

the Act by Sections 3(d), 88(3), 91 and 141, therefore, an infringing product 

can violate more than one patent.   Defendant‘s products ZITA and ZITA-

MET comprise Sitagliptin Phosphate and have Sitagliptin as the active 

moiety. Sitagliptin in all its forms and salts (including Sitagliptin phosphate) 

are covered by claims 1, 15, 17 and 19 of the suit patent.  Sitagliptin 

Phosphate has no material difference in the way Sitagliptin works in the 

body, as it is Sitagliptin that is responsible for the treatment of type II 

diabetes. The therapeutic moiety in JANUVIA/ISTAVEL and 

JANUMET/ISTAMET, is Sitagliptin.  Defendant, in order to disguise its 

products as being ‗non-infringing‘ of the suit patent, has deliberately deleted 

the words ‗100 mg of Sitagliptin free base not only from the product inserts 

but from the packagings as well. Defendant has misrepresented the public by 

using the words 100 mg of Sitagliptin Phosphate Monohydrate.   In its 

product inserts plaintiffs have clearly stated that 128.5 mg of Sitagliptin 

Phosphate Monohydrate is equivalent to 100 mg of Sitagliptin free base.  It 

is the Sitagliptin free base of 100 mg which is the active moiety.  Defendant, 

while removing the part ‗equivalent to 100 mg of Sitagliptin‘ from its 

product inserts, has retained the expression ‗100 mg tablet‘.  
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14. Grant of patent for Sitagliptin Phosphate Monohydrate on Indian 

Patent application no. 5948/DELNP/2005 was not possible under the Indian 

laws because of Section 3(d) of the Act.  Suit patent is the basic patent for 

Sitagliptin and its pharmaceutically acceptable salts, in all its forms be it 

chemical or physical.  Phosphoric acid is disclosed as an acid that can form a 

salt with the Sitagliptin free base; and hydrates are also disclosed in the 

specification.  Example 7 shows how to make Sitagliptin and the 

Hydrochloride salt thereof.  One skilled in the art would know how to make 

the dihydrogen phosphate salt from the Hydrochloride salt. Further, 

Example 7 prepares the Sitagliptin free base as an intermediate. The patent 

specification clearly and sufficiently discloses the best method for 

performing the invention including the process for preparing Sitagliptin free 

base. Claim 19 specifies Sitagliptin by its structure and includes any of its 

salt within its scope.  Sitagliptin dihydrogen phosphate includes in it the 

Sitagliptin structure and Sitagliptin dihydrogen phosphate is itself a salt of 

Sitagliptin.  Products of the defendant, thus, clearly infringe the suit patent.   

It is reiterated that irrespective of the salt form, it is the Sitagliptin free base 

which treats diabetes by acting as an inhibitor of the enzyme dipeptidyl 

peptidase IV (DPP-V) that leads to decreased inactivation of incretins 
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thereby enhancing the effectiveness of incretins in stimulating insulin 

production.   Under Section 48 every use of the patented invention amounts 

to an infringement of a patent.  Therefore, the acts of the defendant 

constitute an infringement of the suit patent.  XRD data or DSC of 

Thermogravymetric analysis of the defendant‘s products ZITA and ZITA-

MET is not necessary as the plaintiffs have alleged infringement of the suit 

patent which claims Sitagliptin and its pharmaceutically acceptable salts 

which is a new chemical entity that can be easily characterized by its 

chemical formula and structure as being:- 
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15. The chemical or empirical formula of Sitagliptin in whatever form it 

exits will always remain C16 H15 F6N5 O.  It is further submitted that XRD 

data or DSC analysis is required in pharmaceutical or chemical patent cases 

(essentially in improvement inventions of the NCE itself) such as 

polymorphs, etc. where the invention cannot be defined and characterized by 

its chemical formula or when the chemical formula remains unchanged from 

what has been known.  In such cases, the claims must recite the XRD, the 

physical properties and the chemical properties such as melting point, 

boiling point etc.  Plaintiffs‘ case is that Sitagliptin phosphate in the 

defendant‘s products ZITA and ZITA -MET are claimed and covered by 

claims 1, 15, 17 and 19 of suit patent, thus, the manufacture and sale of these 

products by the defendant is violative of Section 48 of the Act. 

16. It is alleged that the product inserts of the defendant‘s product clearly 

show that the chemical formula of Sitagliptin is identical to that provided in 

claim 19, as contained in the suit patent.  Plaintiffs have denied that they 

have acquiesced to the manufacture or sale of Sitagliptin Phosphate 

Monohydrate by third parties.  Plaintiff no.1 has nowhere admitted that 

invention of the suit patent was not capable of industrial application.  

Plaintiffs have denied that suit patent was granted on the basis of 
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misrepresentation because of non disclosure of subsequent patent 

applications.  It is further alleged that subsequent patent applications are for 

different inventions and cannot form the basis for the rejection of an earlier 

filed patent application on the grounds of patentability.  Plaintiff no.1 had 

only demonstrated the technical advancement of Sitagliptin hydrochloride 

disclosed in the suit patent in order to be able to establish inventive steps of 

the subsequent application.  It was found that dihydrogenphosphate salt of 

Sitagliptin was selected over the other salts based on a combination of 

factors, more particularly in view of the fact that said salt was the most 

stable in aqueous solution and was having advantages in the preparation of 

pharmaceutical compositions such as ease of processing, handling and 

dosing.  In particular, they exhibit improved physical and chemical stability, 

inasmuch as, advantages of the phosphate salt over the hydrochloride salt or 

Sitagliptin free base were restricted to physical and chemical stability which 

facilitated ease of processing, handling and dosing rendering them 

particularly useful in the manufacture of various dosage forms. These 

advantages would make a good case for the grant of a patent in jurisdiction 

other than India. In India efficacy is restricted to therapeutic efficacy, 

therefore, such technical advantages are not sufficient to protect the 
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invention claimed in 5948/DELNP/2005 from the prohibitory ambit of 

Section 3(d) of the Act.       

17. In reply to the counter claim, plaintiffs have denied that invention was 

obvious from the prior art documents referred to by the defendant, inasmuch 

as, EP1406622 was not even prior art.  The international application 

corresponding to the application, that is, PCT/US2002/019441 was first 

published on 3rd January, 2003 (WO 2003/000181) which was much after 

the priority date of suit patent (being 6th July, 2001). Thus, inventors of the 

suit patent cannot be imputed with an effective notice of this application.   

That apart, structures of the compounds claimed in the suit patent were 

distinct than the claim 1 of EP 1406622, inasmuch as, there was no 

structural similarity between the two compounds for the following reasons:- 

EP 1406622A2 or EP 1406622B1 IN 209816 (26/CHENP/2004) 
No process claims in the granted patent 
and no process claims were filed in the 
patent application, i.e. invention is 
directed to novel compounds.  

There is no process claim  

Claim 1: A compound having Formula I  

 
including pharmaceutically acceptable 
salts and prodrugs thereof, wherein: X is 

Claim 1: A compound of Formula I 

 
Wherein X is selected from the 
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selected from the group consisting of 
CH2,O and NR7 
 
Claim 6: A compound having Formula Ia 
or Ib: 

 

 
including pharmaceutically acceptable 
salts and prodrugs thereof, wherein R1, 
R2, R3, R4, R5, R6, R7, Q, X and Ar 
are as previously defined in Claim 1-5; 
with the proviso that X is  not N-Me. 

group consisting of: N and CR2 
and pharmaceutically acceptable 
salt thereof and individual 
diastereomers thereof.  
 

Claim 19(Specific to Sitagliptin): 
The compound of claim 17 which 
is  

 
Or a pharmaceutically acceptable 
salts thereof.  

Compound differs in view of the 
following structural features: 

 
1. Piperazine or Piperidine ring  

 
2. The Piperazine or piperidine ring is 
further substituted with Q 
 
3. R3 substitution, (Scheme 2, disclosed 
compounds with R# substitution. 
 

Compound differs in view of the 
following structural features: 

 
1. Fused, trizolo[4,3-a] pyrazine 
ring structure  

 
2. No Q substitution 
 
3. No R3 Substitution. 
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18. As regards second prior art document cited by the defendant, that is, 

WO 01/034594.  Plaintiff has alleged that only similarity between the WO 

01/034594 and suit patent is that both are related to compounds that have the 

same mode of action, that is, both are compounds which act as Dipeptidyl 

Peptidase-IV inhibitors.  It is alleged that core-structures of the compounds 

of WO 01/034594 are as under :- 

  

 

19. Plaintiffs have alleged that the two prior art documents cited by the 

defendant to establish that the suit patent is obvious, one does not even 

qualify as prior art and the other discloses just another DPP-IV inhibitor 

with no similarity or connection with the compound of the suit patent.   It is 

alleged that suit patent was not obvious in the light of the documents cited 

by the defendant.  It is also denied that suit patent lacks industrial 
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application.  It is alleged that Sitagliptin and its pharmaceutically acceptable 

salts are capable of industrial application in particular for the treatment of 

type II diabetes. Patent specification document clearly provides the utility of 

the compounds in accordance with the present invention as inhibitors of the 

DPP IV enzyme.   In the prosecution of the EP application corresponding to 

5948/DELN/2005, the plaintiff no.1 had only demonstrated the technical 

advancement of Sitagliptin phosphate over Sitagliptin hydrochloride 

disclosed in the suit patent in order to be able to establish inventive step of 

the subsequent application.  Such advancement was restricted to physical 

and chemical stability, which facilitated ease of processing, handling and 

dosing rendering them particularly useful in the manufacture of various 

dosage forms. These advantages make a good case for the grant of a patent 

in jurisdictions other than India.  In India ‗efficacy‘ within the meaning of 

Section 3(d) of the Act is restricted to ‗therapeutic efficacy‘, which was not 

sufficient to protect the invention claimed in 5948/DELNP/2005.  

20. Plaintiffs have denied that disclosures in suit patent are insufficient.  It 

is alleged that suit patent adequately and sufficiently describes the invention 

and the manner in which it has to be performed, to a person skilled in the art. 

Example 7 provides in the patent specification  only an illustration, thus, 

290



CS (OS) 586/2013                                                                                                               Page 25 of 133 
 

infringement action is based on the claims, inasmuch as, the scope of the 

claims is not limited by the examples. Sitagliptin and pharmaceutically 

acceptable salts thereof have been claimed and covered by the claims in the 

suit patent, which is the ―basic patent for Sitagliptin and its pharmaceutically 

acceptable salts, in all its forms chemical or physical. Phosphoric acid is 

disclosed as an acid that can form a salt with the Sitagliptin free base; and 

hydrates are also disclosed in the specifications. Example 7 shows how to 

make Sitagliptin and the HCL salt thereof. One skilled in the art would 

know how to make dihydrogen phosphate salt from the Hydrochloride salt. 

Further example 7 prepares the Sitagliptin free base as an intermediate. The 

specification sufficiently discloses the general synthesis scheme (scheme 6) 

for preparation of compounds of the invention (Sitagliptin). It can be 

prepared by reacting compounds of Formula II and III, using standard 

peptide coupling conditions followed by deprotection. 
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Where P in compound of Formula II is a suitable nitrogen protecting group 
such as tert-butoxycarbonyl (BOC),  benzyloxycarbonyl, or 9-
fluorenylmethoxycarbonyl.  

Synthesis of Sitagliptin free base as disclosed in the complete 
specification of IN’816 

 The synthesis of Sitagliptin, as disclosed in example 7, is a two steps 
process. 

 

SITAGLIPTIN 

Step- A 

Synthesis of 7-[(3R)-3-[(1,1-dimethylethoxycarbonyl) amino]-4-(2,4,5-
trifluorophenyl) Butanoil]-3(trifluoromethyl)-5,6,7,8-tetrahydroimidazo[1,2-
a]pyrazine 

Step-A discloses the process for preparation of general compound 13 
referred in scheme 6.  (Markush type structure and example 7(Sitagliptin 
molecule). Further, the general compound 13 is protected at the amino group 
by the use of an amine protection group like BOC (di-tert-butyl-
dicarbonate). 

The title compound of formulae 13 is prepared by reacting the intermediate 
3 compound -[(3R)-3-[(1,1-dimethylethoxycarbonyl) amino]-4-(2,4,5-
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trifluorophenyl) butanoic acid] and  [3-(trifluoromethyl)-5,6,7,8-tetrahydro-
1,2,4-triazolo[4,3-a] pyrazine.  

Step-B 

Methanol saturated with hydrogen chloride was added to compound of step 
A to obtain the Sitagliptin free base. The Sitagliptin free base reacted in situ 
with the excess hydrogen chloride (hydrochloric acid) to form the Sitagliptin 
hydrochloric acid salt.  

 

 

21. It is further alleged that defendant, in the US patent 8334385, has 

acknowledged that method of production of Sitagliptin Free Base is taught 

in US 6699871 (equivalent to suit patent).   The scheme disclosed in the US 

8334385 shows compound XII to be a BOC protected sitagliptin free base. 

The scheme further shows that removing the BOC group from the primary 

amine of Sitagliptin, gives the free amine group. Thus, the Defendant‘s 

claim that the method of preparation of the sitagliptin free base is not 

disclosed is incorrect and contrary to its own assertions made in the US 

patent. Suit patent claims Sitagliptin as the free base and any 
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pharmaceutically acceptable salts thereof and encompasses within its scope 

Sitagliptin Dihydrogen Phosphate monohydrate (SPM), as it is a salt of 

Sitagliptin.  Plaintiffs have denied the averments of the Defendant in relation 

to false suggestions and misrepresentation/suppression.  It is alleged that 

subsequent patent applications were for different inventions and cannot form 

the basis for the rejection of an earlier filed patent application on the 

grounds of patentability. It is denied that patent is liable to be revoked for 

non-compliance of Section 8(1) of the Act.  Plaintiffs allege that in 

compliance with Section 8(1) of the Act, statement and undertaking in Form 

3 were filed on 6th January, 2004, 14th September, 2006 and 31st January, 

2007 respectively.  In compliance with Section 8(2) of the Act, plaintiff no.1 

filed copies of the granted US and EP patents.  Under the PCT regulations, if 

a designated office requires copies of ISR/IPER, they can make a direct 

request to the international Bureau that is responsible for administrating 

international applications.  Thus, plaintiffs have claimed that suit patent is 

valid and cannot be revoked. 

22. On the pleadings of the parties, following issues were framed on 21st 

February, 2014:- 
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1. Whether the plaint has been signed, verified and filed by 
a duly authorized person? OPP 
 

2. Whether the plaintiff is the proprietor of Indian Patent 
No. 209816? OPP 

 
3. Whether the plaintiff is not the owner of the patent no. 

209816? OPD 
 
4. Whether the defendants have been infringing patent No. 

209816 of the plaintiff? OPP 
 
5. Whether the defendant has misrepresentations on the 

product packaging and package insert? OPP 
 
6. Whether the license agreement between plaintiff No.1 

and plaintiff no. 2 has not been executed in accordance 
with law? OPD 

 
7. Whether the registration/recordal of the license 

agreement between the plaintiffs qua the suit patent has 
not been done in accordance with Indian law? OPD 

 
8. Whether the plaintiffs have suppressed material facts and 

documents, if so, its effect?  OPD 
 
9. Whether the defendant‘s product ZITA and ZITA-MET 

infringe the patent of the plaintiff? OPP 
 
10. Whether the patent No. 209816 is invalid? OPD 
 

11. Whether the Dihydrogen Phosphate Salt of Sitagliptin is 
covered, enabled and disclosed in the suit patent? If so, 
its effect?  OPP 

12. Relief.  
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23. Plaintiffs have examined five witnesses. Mr. K.G. Ananthakrishnan, 

Managing Director of plaintiff no.1, has been examined as PW1.  Prof. 

David Earl Nichols, an Adjunct Professor of Chemical Biology and 

Medicinal Chemistry at the University of North Carolina, Chapel Hill, 

Eshelman School of Pharmacy has been examined as PW2. Mr. John C. 

Todaro, Executive Director has been examined as PW3. Dr. Ann E. Webber, 

Vice President of Merck has been examined as PW4 and Mr. Shailesh Joshi, 

Vice President (Marketing & Sales) of plaintiff no.2 has been examined as 

PW5. As against this, defendant has examined two witnesses.  Ms. Meera 

Vanjari, Senior Vice President (General Counsel) has been examined as 

DW-1; whereas Dr. Ashwini Nangia, Professor of Chemistry, University of 

Hyderabad, has been examined as DW-2. 

24. I have heard learned senior counsel/counsel for the parties and 

perused the entire material placed on record and my issue wise findings are 

as under :- 

Issue No. 1 

25. Plaint has been signed and verified by PW1-K.G. Ananthakrishnan, 

Managing Director of MSD Pharmaceuticals Pvt. Ltd, who has proved 

Power of Attorney in his favour, executed by Charles Caruso, as Ex. PW1/1.  
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Board resolution dated 1st December, 2012 of Merck & Co. Inc. (the parent 

company of the Merck group of which the plaintiff no. 1 is a member) has 

been proved as Ex. PW1/2.  A perusal of Power of Attorney Ex. PW1/1 

makes it clear that it has been executed by Mr. Charles Caruso before a 

notary public, New Jersey on 28th March, 2013.  Notary public has put his  

stamp to the effect ‗subscribed and sworn before me this 28th day of March, 

2013.  He has also appended his signatures below his stamp.  Thus, it is 

clear that Power of Attorney has been executed by Mr. Charles Caruso in 

favour of PW1 K.G. Ananthkrishnan before a notary public.  Section 85 of 

the Evidence Act, 1872 reads as under :- 

―Presumption as to powers of attorney—The Court shall 
presume that every document purporting to be a power of 
attorney, and to have been executed before, and authenticated 
by, a notary public, or any Court, Judge, Magistrate, Indian 
Consul or Vice-Consul, or representative of the Central 
Government, was so executed and authenticated.‖  

 

26. A perusal of Section 85 of the Evidence Act makes it clear that in case 

Power of Attorney has been executed and authenticated by a public notary, 

the Court has to presume that it was so executed, authenticated and attested.  

The provisions are mandatory and it is open to the Court to presume that all 

the necessary requirements for the proper execution of the Power of 
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Attorney had been followed.  In National and Grindlays Bank Ltd. vs. 

World Science News and Ors. AIR 1976 Delhi 263, it has been held thus 

:-  

―(10) The document in the present case is a power of attorney 
and again on the face of it shows to have been executed before, 
and authenticated by, a notary public. In view of Section 85 of 
the Evidence Act, the Court has to presume that it was so 
executed and authenticated. Once the original document is 
produced purporting to be a power of attorney so executed and 
attested, as stated in S. 85 of the Evidence Act, the Court has 
to presume that it was so executed and authenticated. The 
provision is mandatory, and it is open to the Court to presume 
that all the necessary requirements for the proper execution of 
the power of attorney have been duly fulfilled. There is no 
doubt that the section is not exhaustive and there are different 
legal modes of executing a power of attorney, but, once the 
power of attorney on its face shows to have been executed 
before, and authenticated by, a notary public, the Court has to 
so presume that it was so executed and authenticated. The 
authentication by a Notary Public of a document, purporting to 
be a power of attorney and to have been executed before him 
is to be treated as the equivalent of an affidavit of identity. The 
object of the section is to avoid the necessity of such affidavit 
of identity. Under Section 57 sub-section (6) of the Evidence 
Act, the Courts have to taken judicial notice of the seals of 
Notaries Public and when the seal is there, of which judicial 
notice is taken, there is no reason why judicial notice should 
not be taken of the signatures as well". What is argued by Shri 
Rameshwar Dial, learned counsel for defendants I to 3, is that 
the Notary Public in Section 85 or Section 57 of the Evidence 
Act merely means notaries appointed under the Notaries Act 
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1952. The argument is that where a document purports to be a 
power of attorney, before the Court can presume it to be so 
executed and authenticated as is contemplated by S. 85, it 
should have been authenticated by Indian Consul or Vice-
Consul or the representative of the Central Government and 
not by a notary public of a foreign country. For one thing 
Notaries Act 1952 was not there when Evidence Act which 
was the first Act of 1872 was enacted. Secondly, the purpose 
of Sections 57 and 85 is to cut down recording of evidence. 
For such matters, like the due execution of a power of attorney 
in the present day of international commerce, there is no 
reason to limit the word "Notary Public" in S. 85 or 
Section 57 to Notaries appointed in India. The fact that 
notaries public of foreign countries have been recognised as 
proper authorities for due execution and authentication for 
purpose of section 85 of the Evidence Act is illustrated by the 
Supreme Court in case Jugraj Singh and anr. vs. Jaswant Singh 
and or s. MANU/SC/0413/1970 : [1971]1SCR38 . In this case 
the Supreme Court held that a power of attorney executed and 
authenticated before a notary public of California satisfied the 
test of S. 85 of the Evidence Act and S. 33 of the Indian 
Registration Act. If the interpretation of notary public is 
limited to notaries public appointed in this country only, it will 
become impossible to carry on commerce with foreign 
countries. Surely, S. 57 of the Indian Evidence Act which 
enjoins upon the Courts to take judicial notice of seals of 
Notary Public, such judicial notice cannot be limited to 
Notaries appointed in India only It seems clear if the entire 
sub-section is read. Once, this conclusion is reached, there is 
no reason to limit the meaning of the expression "Notaries 
Public" in S. 85 of the Indian Evidence Act to Notaries 
appointed in India only.‖ 
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27. In National and Grindlay Bank vs. Radio Electronics Corporation 

P. Ltd. MANU/DE/0077/1977, in the context of Section 85 of the Evidence 

Act, it has been held thus :- 

―4. The section prescribes in clear and unequivocal terms that 
a power of attorney duly authenticated by a Notary Public 
shall raise the presumption about its execution and 
authentication. Authentication is not merely attestation but 
something more. It means that the person authenticating has 
assured himself of the identity of the person who has signed 
the instrument as well as the act of execution. It is for this 
reason that the presumption under section 85, unless rebutted, 
stands and the document can be admitted in evidence as a 
document executed by the person alleged to have executed it 
without any further proof.‖  

 

28. In Baker Oil Tools (India) Pvt. Ltd. vs. Baker Hughes Ltd. and 

Anr. 2011 (47) PTC 296 (Del), it has been held as under :- 

―31. It would be thus seen from all the aforesaid judicial 
pronouncements that the Courts have been consistently taking a 
view that once the execution and authentication of the Power of 
Attorney by a Notary Public is proved on record, then 
Section 85 mandates the Court to draw a presumption in favour 
of due and valid execution of such a Power of Attorney. The 
Courts have also taken a view that the use of expression 
"authentication" in Section 85 of the Evidence Act must be 
accorded its due meaning, not merely comparing the same with 
the expression "attestation". The authentication of a Power of 
Attorney or any document by the Notary Public necessarily 
would mean that Notary Public has duly satisfied himself about 
the competence of the Officer and his authority to execute such a 
Power of Attorney or other document. The purpose of 
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Section 85 has thus been rightly held to eliminate the 
cumbersome evidence which in the absence of the said provision 
on the statute book would be required to prove the minutes book 
and Board Resolution etc. for proving the due and valid 
execution of the Power of Attorney. Looking into the growing 
international trade and the world economy, any other 
interpretation of Section 85 of the Evidence Act would 
unnecessarily burden the parties to bring the witnesses from 
abroad just to prove the Board Resolutions and minute books etc. 
However, having said that, one cannot lose sight of the fact that 
such presumption is not a conclusive presumption as the same 
being rebuttable. Once a party who seeks to take advantage of 
Section 85 of the Evidence Act proves the Power of Attorney, its 
due execution and authentication by the Notary Public with due 
affixation of necessary seals on such a document then the onus 
would shift on the other party to disprove or rebut such a 
presumption arising in favour of the first party.‖ 

29. In Rajeshwarhwa vs. Sushma Govil AIR 1989 Delhi 144, it has 

been held thus :- 

―Counsel for the appellant has, then, contended that till It is 
proved that the person who signed the said power of attorney 
was the duly appointed attorney, the court cannot draw any 
presumption under Sections 57 & 85 of the Evidence Act. I am 
afraid that the very purpose of drawing presumption under 
Sections 57 & 85 of the Evidence Act would be nullified if 
proof is to be had from the foreign country whether a 
particular person who had attested the document as a Notary 
Public of that country is in fact a duly appointed Notary or not. 
When a seal of the Notary is put on the document, 
Section 57 of the Evidence Act comes into play and a 
presumption can be raised regarding the genuineness of the 
seal of the said Notary, meaning thereby that the said 
document is presumed to have been attested by a competent 
Notary of that country.‖ 
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30. Accordingly, in my view, PW1 K.G. Ananthkrishnan, being 

constituted Attorney of the plaintiff no.1, is duly authorized to sign and 

institute the plaint, on behalf of plaintiff no.1.   

31. As regards plaintiff no.2, Mr. Chetan Gupta has signed the plaint, 

whose signatures have been identified on the plaint by PW5-Shailesh Joshi, 

who has deposed that he had seen the signatures of Mr. Chetan Gupta on 

many occasions during the day-to-day affairs of the company, being one of 

its employees.  As per PW5, Mr. Chetan Gupta was authorized by the 

plaintiff no.2 vide Power of Attorney dated March, 30, 2013(Ex. PW5/2) 

executed by Mr. Sudhir V. Valia, whole time Director of plaintiff no.2.   

Further that Mr.Sudhir V.Valia was empowered to sign a letter of authority 

vide Board Resolution dated 28th May, 2011 of plaintiff no.2.  Certified copy 

of extract of Board Resolution has been placed on record as Ex. PW5/3.  

Defendant objected to its proof on the ground that original minutes book 

was not brought, therefore, extract has been only marked as Ex.PW5/3 for 

identification purposes.   In absence of the original minutes books, in my 

view, extracts of Board Resolution have remained unproved.  As regards Ex. 

PW5/2 is concerned, the same is not a Power of Attorney.  A perusal of this 

document shows that it is a Letter of Authority dated 30th March, 2013 
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signed by Mr. Sudhir V. Valia, the whole time director of plaintiff no.2-

company, thereby authorizing Mr. Chetan Gupta to file the present 

proceedings.  Letter of Authority Ex. PW5/2 has been issued by the whole 

time Director of plaintiff no.2, who is ‗officer‘ of plaintiff no. 2 within the 

meaning of Section 2(13) of the Companies Act, 1956, according to which, 

an ‗officer‘ includes any director, manager or key managerial personnel or 

any person in accordance with whose directions or instructions the Board of 

Directors or any one or more of the directors is or are accustomed to act.  

According to Order 29 Rule 1 CPC any principal officer of a corporation can 

sign and verify the plaint.  In United Bank of India vs. Naresh Kumar and 

Others AIR (1996) 6 SCC 660, Supreme Court has held that dehors Order 

29 Rule 1 CPC, as a company is a juristic entity, it can duly authorize any 

person to sign the plaint or the written statement on its behalf and this would 

be regarded as sufficient compliance with the provisions of Order 6 Rule 14 

CPC.   A person may be expressly authorized to sign the pleadings on behalf 

of the company, for example by the Board of Directors passing a resolution 

to that effect or by a power of attorney being executed in favour of any 

individual.  In absence thereof and in cases where pleadings have been 

signed by one of its officers a Corporation can ratify the said action of its 
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officer in signing the pleadings.  Such ratification can be express or implied. 

The Court can, on the basis of the evidence on record and after taking all the 

circumstances of the case specially with regard to the conduct of the trial, 

come to the conclusion that the corporation had ratified the act of signing of 

the pleadings by its officer.  It has been further held that procedural defects 

which do not go to the root of the matter should not be permitted to defeat a 

just cause.  There is sufficient power in the Courts, under the CPC, to ensure 

that injustice is not done to any party who has a just case, as far as possible a 

substantive right should not be allowed to be defeated on account of a 

procedural irregularity which is curable.           

32. In this case, trial has continued almost for two years.  Thus, it is 

difficult in these circumstances to presume that suit has not been filed and 

pursued without the authorization of plaintiff no.2.  Ex.PW5/2 is the letter of 

authority duly signed by the whole time Director of the plaintiff no.2 

authorizing Mr.Chetan Gupta to sign and verify the plaint.  This shows that 

plaintiff no.2 has ratified the action of Mr. Chetan Gupta of signing the 

plaint and, thereafter, continuing with the same. 

33. For the foregoing reasons, this issue is decided in favour of the 

plaintiffs and against the defendant.  
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Issue Nos. 2, 3, 6 & 7 

34. These issues require common discussion, hence, are disposed of 

together.  Ex. P-10 is a certified copy of extract of patent register which 

indicates that patent application no. 209816 (suit patent) was filed on 5th 

July, 2002.  It was granted on 6th September, 2007 in the name of Merck & 

Co. Inc. (USA).  Name of the patentee was changed from Merck & Co. Inc. 

to Merck Sharp & Dohme Corporation vide entry dated 19th January, 2011. 

There is an entry dated 24th January, 2013 to the effect that name of M/s 

Schering Corporation was entered in pursuance to an application received on 

22nd January, 2013 in the patent office made by M/s Schering Corporation, 

2000, Galloping Hill Road, Kenilworth, New Jersey by virtue of Agreement 

of Merger dated 1st May, 2012 executed between Merck Sharp & Dohme 

Corporation and M/s Schering Corporation.  Entry dated 25th February, 2013 

shows that name of the patentee was changed to Merck Sharp & Dohme 

Corporation in pursuance to the request dated 19th February, 2013 in the 

patent office. Entry dated 22nd May, 2013 further shows that M/s Sun 

Pharmaceutical Industries Ltd. was recorded as a licensee pursuant to the 

application made by M/s Sun Pharmaceutical Industries Ltd. based on the 

License Agreement dated 16th May, 2013 executed between Merck Sharp & 
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Dohme Corporation and M/s Sun Pharmaceutical Industries Ltd.  From the 

Ex. P-10 plaintiffs have succeeded in proving that Merck Sharp & Dohme 

Corporation (plaintiff no.1) is the patentee in respect of the suit patent.  

After 25th February, 2013 there has not been any subsequent change.  As 

regards plaintiff no. 2 is concerned, it has been recorded as a licensee with 

effect from 22nd May, 2013. 

35. Learned senior counsel for the defendant has contended that from the 

averments made in the plaint, replication, documents and the evidence of 

PW-1, it emerges that plaintiff no.1 is not the owner of the suit patent nor 

plaintiff no.2 is a licensee.  Accordingly, plaintiffs have no right to institute 

the suit in the capacity of patentee.  Reliance has been placed on 

Dwarkadas DhanjiSha vs. Chhotelal Ravicarandas & Co. AIR 1941 

Bom 188 wherein it has been held as under :-  

―…………..Section 64 of the general portion of the Act also 
provides for any person making an application for rectification 
of the register of patents or designs on the ground that any 
entry was wrongly made in the register.  Counsel further 
argued that in the absence of any such cancellation the register 
of designs which contains the name of the proprietor of the 
registered design was conclusive on the point that the person 
registered as proprietor was the proprietor of a new or original 
design.  

The words of Section 46(5), however, are that the entry with 
regard to the name and address of the proprietor or proprietors 
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of the registered design is prima facie evidence to that effect.  
That means in my opinion that there is a prima facie 
presumption that the person whose name is registered as the 
proprietor is the proprietor of a new or original design, but the 
entry in the register is not conclusive proof thereof, and the 
presumption can be rebutted.  It is true that under Section 43 
no registration can be effective unless the design sought to be 
protected is new or original and not of a pre-existing common 
type.  But the certificate is not conclusive, and there is nothing 
in the Act which prevents the defendant in a suit for damages 
for infringement of a registered design under Section 53 from 
raising in defence the plea that the design was previously 
published and was neither new or original: see Muhammad 
Abdul Karim vs. Muhammad Yasin (1934) I.L.R. 56 All. 
1032. It was pointed out that unless it was final and conclusive 
there was no advantage in having a certificate of registration.  
The advantage is that if no evidence is led by the defendants to 
the contrary, the certificate is sufficient evidence that the 
plaintiffs are the proprietors, that is, proprietors of a new or 
original design.  If evidence is led, it is for the Court to come 
to its finding on the question……………‖ 

 

36. Learned senior counsel for the defendant has further contended that 

PW1 K.G. Ananthkrishnan has deposed that suit patent was first filed in 

India by Merck & Co. Inc. on 6th January, 2004.  Thereafter, name of Merck 

& Co. Inc. was changed to Merck Sharp & Dohme Corporation on 3rd 

November, 2009.  Merck Sharp & Dohme Corporation became a wholly 

owned subsidiary of Schering Plough Corporation on 3rd November, 2009, 

by way of the reverse merger.  Subsequently, Schering Plough Corporation 

changed its name to Merck & Co. Inc. on 3rd November, 2009.  It is, thus, 
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contended that as per plaintiff no.1 itself Merck & Co. Inc. ceased to have 

any right in patent from 3rd November, 2009 onwards.  On 1st May, 2012 

Schering Plough Corporation merged with Merck Sharp & Dohme 

Corporation (patentee) as a result of which all the assets of Merck Sharp & 

Dohme Corporation were transferred to Schering Corporation.  Only copy of 

the merger certificate was filed before the patent office.  Plaintiffs did not 

place on record any other document before the Court or the patent office to 

establish the actual transfer of rights from Merck Sharp & Dohme 

Corporation to Schering Corporation, which is not sufficient to establish 

transfer of rights in the suit patent.  It is further contended that even no 

document was summoned from the patent office to show that Schering 

Corporation has changed its name to Merck Sharp & Dohme Corporation on 

25th February, 2013.  As per learned senior counsel, plaintiffs have failed to 

produce and prove on record necessary documents to establish the complete 

chain of documents to authenticate the transfer of patent from Merck & Co. 

Inc. to another so as to conclude, that plaintiff no. 1 became the proprietor of 

the suit patent.   It is further contended that license agreements Ex. PW1/D-3 

and Ex. CW2/A/D-1 are suspicious, inasmuch as, the license agreements 

have not been registered in accordance with law.  A letter requesting to take 
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the license agreement on record was filed before the patent office on 20th 

May, 2013 and pursuant thereof plaintiff no.2 appears to have been recorded 

as a licensee in the e-Register on 22nd May, 2013.  The patent office raised 

objections vide letter dated 20th June, 2013 stating therein that address of the 

patentee Merck Sharp & Dohme Corporation in the license agreement was 

inconsistent with the e-Register as well as copy of the license agreement was 

not filed.  Plaintiff no.2 replied to the said objections on 18th June, 2013, that 

is, even prior to patent office raising the objections.  The subsequent copy of 

license filed on record by the plaintiff no.2 also suffers from various defects.  

The patent license was signed on behalf of Merck Sharp & Dohme 

Corporation and Merck & Co. Inc. on 17th May, 2013; whereas by MSD 

International GMBH and Sun Pharmaceutical Industries Ltd. on 24th May, 

2013 and 31st May, 2013 respectively, however, as per e-Register date of the 

license is 22nd May, 2013.   License was executed between four parties, as 

opposed to two parties, as per the information detailed in the e-Register.  No 

clarity on the ‗beneficial owner‘ viz Merck International GMBH has been 

substantiated with adequate documents.   Two copies of license agreement 

bearing different dates of execution, that is, 16th May, 2013 and 31st May, 

2013 were placed on the patent office record.  The patent license is on a 

309



CS (OS) 586/2013                                                                                                               Page 44 of 133 
 

stamp paper of `100/-; whereas value of the assignment for the purpose of 

stamp has been set out therein as US$1.  All this creates a serious doubt 

about the authenticity of license.   

37. Learned counsel for the plaintiffs has contended that validity of the 

patent can be challenged in a counter claim before the High Court only on 

the grounds as envisaged under Section 64 of the Act and no other ground.  

None of the grounds as stipulated in Section 64 of the Act pertain to the tile 

of a patent.  Any question with regard to title of a patent, pertains to 

rectification of the register of patents under Section 71 of the Act for which 

the exclusive jurisdiction vests with the Intellectual Property Appellate 

Board (IPAB).   Jurisdiction of the High Court to deal with question of title 

under Section 71 is barred by virtue of Section 117D read with Section 117C 

of the Act.  It is further contended that plaintiffs have explained the chain of 

title in its various pleadings and also in the evidence of PW1.  Plaintiff no.1 

had furnished documents to the satisfaction of the patent office and only 

thereafter its name was recorded as a proprietor of the suit patent.  All the 

records of plaintiff no.1 as well as of patent office establish beyond doubt 

that plaintiff no.1 is the proprietor of the suit patent.  PW5, in answer to 

question 75, has categorically stated that MSD International GMBH is a 

310



CS (OS) 586/2013                                                                                                               Page 45 of 133 
 

licensee of the suit patent which has been licensed to it by the proprietor of 

the suit patent, that is, Merck Sharp & Dohme Corporation (plaintiff no.1).  

It has been further contended that there exists a co-marketing and license 

agreement dated March 2, 2011 in favour of plaintiff no.2 (Ex. PW1/D2 

Collectively).  The said agreement grants the plaintiff no.2, vide clause 2.1, 

an exclusive license for the trade marks ISTAVEL and ISTAMET and a 

non-exclusive license to use the know-how for the term of the agreement. 

Clause 4.1 further stipulated that the know-how for the development of 

products, as defined by clause 1.16 referring to clause 1.10, shall be 

provided to plaintiff no.2.  Clause 1.10 with Schedule B clearly states that 

products are pharmaceutical products formulated with active ingredients, 

namely, Sitagliptin and Sitagliptin & Metformin.  The agreement dated 16th 

May, 2013 (Ex. PW-1/D-3) was only clarificatory .  It is further contended 

that when the license was filed at the patent office on 20th May, 2013 an 

objection as to lack of notarization was raised by the patent office which was 

cleared by filing a notarized copy of the agreement (Ex. CW-2/A/D-1).  On 

the evidence adduced, plaintiff no.2 was duly recorded as the licensee of 

plaintiff no.1 by the patent office, which is a conclusive proof in this regard.   
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38. Section 67 (1) of the Act provides that there shall be kept at the patent 

office a register of patents, wherein shall be entered – (a) the names and 

addresses of grantees of patents; (b) notifications of assignments and of 

transmissions of patents, of licenses under patents, and of amendments, 

extension and revocations of patents; and (c) particulars of such other matter 

affecting the validity or proprietorship of patents as may be prescribed. 

Section 67(5) envisages that notwithstanding anything contained in the 

Indian Evidence Act, 1872, a copy of, or extracts from, the register of 

patents, certified to be a true copy under the hand of the Controller or any 

officer duly authorized by the Controller in this behalf shall, in all legal 

proceedings, be admissible in evidence. 

39. A conjoint reading of Sub-sections 1 and 5 of Section 67 makes it 

clear that names and address of the grantees of patent, as contained in the 

register, would be sufficient proof of title of the patentee and the same is 

admissible in evidence in all the legal proceedings. Section 69 of the Act 

deals with registration of assignment, transmission etc. Such registration will 

also be proved by the assignments etc. Section 71 of the Act reads as under 

:- 

71 Rectification of register by [Appellate Board]. - 
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(1) The [Appellate Board] may, on the application of any 
person aggrieved- 

(a) by the absence or omission from the register of any entry; 
or 

(b) by any entry made in the register without sufficient cause; 
or 

(c) by any entry wrongly remaining on the register; or 

(d) by any error or defect in any entry in the register, make 
such order for the making, variation or deletion, of any entry 
therein as it may think fit. 

(2) In any proceeding under this section the [Appellate Board] 
may decide any question that may be necessary or expedient to 
decide in connection with the rectification of the register. 

(3) Notice of any application to the [Appellate Board] under 
this section shall be given in the prescribed manner to the 
Controller who shall be entitled to appear and be heard on the 
application, and shall appear if so directed by the [Board]. 

(4) Any order of the [Appellate Board] under this section 
rectifying the register shall direct that notice of the 
rectification shall be served upon the Controller in the 
prescribed manner who shall upon receipt of such notice 
rectify the register accordingly. 

40. A perusal of aforesaid provision makes it clear that Appellate Board 

has power to rectify the register on an application filed by any aggrieved 

person, if any entry is made without any sufficient cause or there is any error 

or defect in any entry in the register.   Section 117C of the Act stipulates that 

no court or other authority shall have or, be entitled to, exercise any 

jurisdiction, powers or authority in relation to the matters referred to in sub-
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section (2) of section 117A or section 117D.  Section 117D envisages that 

an application for revocation of a patent before the Appellate Board under 

section 64 and an application for rectification of the register made to the 

Appellate Board under section 71 shall be in such form as may be 

prescribed.  

41. A conjoint reading of Section 117C and 117D makes it clear that no 

court or authority shall have jurisdiction in relation to the matters regarding 

rectification of the register as envisaged under Section 71 of the Act.  

Accordingly, I am of the view that plaintiff no.1 is proprietor of the suit 

patent and plaintiff no.2 is a licensee of plaintiff no.1.  Dwarkadas (supra) is 

in the context of different facts and is of no help to the defendant, inasmuch 

as, above-referred provisions have not been considered and discussed 

therein.  As regards plea that authenticity of license is doubtful since value 

of assignment is US $ 1 also has no force.  In Wonderweld Electrodes (Pvt.) 

Ltd. & Ors. Vs. Ahura Welding Electrodues Manufacturing Limited & Ors. 

2003 (26) PTC 37 (DB) (Mad), it has been observed thus:  ―According to 

them, trade mark can be assigned even for a nominal consideration of `1 or  

US $ 1.  In such a circumstance, we are unable to appreciate the argument 

that deed of assignment is a sham transaction and was entered into only to 
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bye-pass the agreement dated 27th January, 1996‖.  Accordingly, in my 

view, inadequacy of consideration will not be sufficient to doubt the license 

agreement.   

42. The above issues are answered accordingly.  

Issue Nos. 4, 5, 9 and 11. 

 

43. Learned senior counsel has contended that in the suit patent (Ex. P-9) 

disclosure made by the plaintiff is ‗insufficient‘.  Patent is granted as a quid 

pro quo for a complete disclosure of the invention along with the manner of 

its operation. A mere mention or general disclosure is not sufficient as there 

has to be an enabling disclosure, which means that after the patent term 

expires, a person skilled in the art should be able to make the product taught 

and enabled by the patent without further undue experimentation. Section 

10(4) of the Act stipulates that complete specification shall be described 

fully in respect of the invention, operation and use with a claim or claims 

defining the scope of the invention for which protection is claimed, 

inasmuch as, technical information on the invention is also to be provided.  

Reliance has been placed on Terrell on Law of Patents; Chapter 13-08 to 13-

09 regarding need for an enabling disclosure which states as follows :- 
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―…………An enabling disclosure is, as the name suggests, a 
disclosure of a product or process which is sufficient to enable a 
skilled reader to obtain or perform it. It may be distinguished 
from a mere disclosure of the existence of something: for 
example the identification of a chemical structure which the 
reader would not be able to synthesis without further 
direction………… 

The Act therefore requires that the claims shall be supported by 
an enabling disclosure, and the absence of an enabling 
disclosure can lead to revocation for insufficiency……….   

How extensive must the disclosure be for a patent to be 
sufficient? 

……………More recently, the Courts have frequently had to 
consider the position where the patent adequately enables a 
limited subset of embodiments, but its claims are broader. This 
aspect of insufficiency is sometimes referred to as ―Biogen‖ 

insufficiency, though of course it is important to remember that 
there is only a single test under the Act. The patentee is not 
entitled to protection wider than the contribution which he has 
made to the art, and so may not obtain a monopoly for matter 
which he has not told the public about and enabled them to do 
for themselves on the basis of what he has disclosed in the 
specification. An insufficiency attack along the ―Biogen‖ lines 
is therefore concerned with the breadth of claim………….‖  

 

44. It is further contended that in Novartis AG Vs. UOI & Ors AIR 

2013 SC 1311, Supreme Court has also recognized the said principle in the 

following manner :- 

―Para 139: The dichotomy that is sought to be drawn between 
coverage or claim on the one hand and disclosure or enablement 
or teaching in a patent on the other hand, seems to strike at the 
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very root of the rationale of the law of patent. Under the scheme 
of patent, a monopoly is granted to a private individual in 
exchange of the invention being made public so that, at the end 
of the patent term, the invention may belong to the people at 
large who may be benefited by it. To say that the coverage in a 
patent might go much beyond the disclosure thus seem to 
negate the fundamental rule underlying the grant of patents. 

156. …… We certainly do not wish the law of patent in this 
country to develop on lines where there may be a vast gap 
between the coverage and the disclosure under the patent; 
where the scope of the patent is determined not on the intrinsic 
worth of the invention but by the artful drafting of its claims by 
skillful lawyers, and where patents are traded as a commodity 
not for production and marketing of the patented products but to 
search for someone who may be sued for infringement of the 
patent…….‖    

45. It is further contended that in the suit patent plaintiffs have merely 

claimed the chemical structure of Sitagliptin Free Base, without providing 

any details pertaining to the manner of preparation of the Sitagliptin Free 

Base or the conditions under which the same may be prepared.  In effect, the 

suit patent only teaches Sitagliptin Hydrochloride and thus the coverage of 

the suit patent ought to be restricted to the same.  Sitagliptin Free Base does 

not fall within the purview of the suit patent.  The suit patent contains a total 

of 20 claims wherein it is alleged that claims 1, 15, 17 and 19 are Sitagliptin 

Free Base.  By way of claim 19 plaintiffs have specifically sought to cover 

Sitagliptin Free Base along with all its pharmaceutically acceptable salts.  

Scheme 6 does not disclose preparation of Free Base as the same results in 
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preparation of a salt as opposed to a Free Base.  PW2 has admitted this fact 

during his cross-examination in answer to question no. 136 and 140.  DW-2 

Prof. Nangia has deposed that Sitagliptin Free Base is not disclosed in the 

suit patent.  Suit patent is a ‗Markush patent‘ and covers billions of 

compounds, it has only 33 examples, all of which will result only in 

hydrochloride salts.  Coverage cannot be broader than disclosure, hence all 

claims have to be restricted to hydrochloride salts only including claim 15, 

17 and 19. Sitagliptin Phosphate Monohydrate does not fall within the 

purview of the suit patent.  Plaintiffs had filed a separate patent application 

being 5948/DELNP/2005 in India but the same was subsequently 

abandoned; meaning thereby that plaintiffs cannot claim any patent right in 

respect of Sitagliptin Phosphate Monohydrate, in view of the Section 21 of 

the Act.  In the said patent plaintiffs have admitted that Sitagliptin Phosphate 

Monohydrate is a novel salt. Pharmaceutically acceptable salts of Sitagliptin 

Free Base are generically encompassed within the scope of WO 03/004498, 

however, there is no specific disclosure in the said reference about 

Sitagliptin Phosphate Monohydrate, which, in fact, is used as a drug 

substance, that is, Active Pharmaceutical Ingredient. Sitagliptin Phosphate 

Monohydrate exhibits pharmaceutical advantages over the Free Base and 
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previously disclosed Sitagliptin Hydrochloride salt.  Sitagliptin Phosphate 

Monohydrate has enhanced chemical and physical stability.  Sitagliptin 

Phosphate Monohydrate exhibits potent DPP-IV inhibitory properties and is 

particularly useful for prevention of Type-2 Diabetes.  Process of 

preparation of Sitagliptin Phosphate Monohydrate is disclosed for the first 

time in the subsequent application.  Process of preparation of Sitagliptin has 

not been disclosed in the suit patent.  Characteristics of Sitagliptin Free Base 

such as NMR data, melting point etc. is not disclosed in the suit patent and 

has been disclosed for the first time in subsequent application for Sitagliptin 

Phosphate Monohydrate.  Reliance has been placed on Ferid Allani v 

Union of India and Others 2008 Indlaw DEL 813, wherein it has been 

held as under :- 

―18.…………..Having heard learned counsel for the parties at 
length, I find that the first issue which requires to be considered 
is the impact of the deemed abandonment of an application for 
grant of patent. The impact is prescribed inasmuch as the 
applicant is deprived of the valuable rights which flow in favour 
of any invention as are guaranteed under Section 48 of the 
Patents Act, 1970…‖ 

46. It is further submitted plaintiffs had filed patent application before the 

European Patent Office (EPO) qua Sitagliptin Phosphate Monohydrate 

wherein also similar admissions which were made in the abandoned Indian 
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patent application, have been made.  Objections were raised by EPO and 

WIPO in the European Patent Application (PCT Publication corresponding 

of the suit patent) on the grounds that (a) claimed invention cannot be 

considered novel and (b) cannot be considered to involve any inventive step. 

However, in response to the said objections Merck & Co. Inc. (original 

applicant) reiterated that suit patent teaches Sitagliptin Hydrochloride Salt; 

whereas the subject application discloses Sitagliptin Phosphate Monohydrate 

which had remarkable advantages over Sitagliptin Hydrochloride Salt with 

regard to chemical stability.  Further, Sitagliptin Free Base and its other salts 

were evaluated as possible candidates for clinical development, however, 

Sitagliptin Phosphate Monohydrate was selected over others as it was 

thermodynamically and chemically stable.  Ultimately, European Patent was 

granted in respect of Sitagliptin Phosphate Monohydrate.  A third party, 

Teva Pharmaceutical Industries Limited opposed the EP patent 

corresponding to the Sitagliptin Phosphate Monohydrate patent on the 

grounds that the same lacks novelty and inventive step over the suit patent. 

Merck & Co. Inc opposed this plea and reiterated that Sitagliptin Phosphate 

Monohydrate was inventive over the suit patent and clearly represented 

enormous advantages over the disclosures made in the suit patent, inasmuch 
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as, Sitagliptin Hydrochloride Salt was disclosed in the suit patent which was 

not having physio-chemical properties that are compatible with drug use.  It 

is contended that the admissions made before the European Patent Office 

makes it clear that Sitagliptin Phosphate Monohydrate is novel, inventive, 

capable of industrial application and is a new and distinct product which is 

neither covered nor subsumed in the suit patent.  It is vehemently contended 

that plaintiffs cannot wriggle out from their own admissions and, in fact, 

admissions made are the best form of evidence.  Reliance has been placed 

on Narayan vs. Gopal AIR 1960 SC 100. 

47. It has been further contended that no enabling disclosure or 

teaching related to Sitagliptin Phosphate Monohydrate is disclosed in the 

suit patent as it required extensive experimentation for making Sitagliptin 

Phosphate Monohydrate, which fact has been admitted by PW2 Prof. 

Nichols in his cross-examination.  It is further contended that combination 

of Sitagliptin Phosphate Monohydrate and Metformin Hydrochloride does 

not fall within the purview of the suit patent, inasmuch as, patent application 

bearing no. 2710/CHENP/2008 of plaintiff no.2 was still pending, thus, 

defendant cannot be said to have infringed the suit patent in respect of its 

product ZITA-MET.   
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48. Next contention of defendant is that for identifying the chemical 

compound various analytical methods such as XRD, Differential Screening 

Calorimetery, Proton NMR, Carbon-13 NMR, Fluorine NMR etc. are 

required for identifying and characterizing such compounds. None of the 

aforesaid methods were utilized by the plaintiffs to indicate presence of 

Sitagliptin Free Base or Sitagliptin Hydrochloride. It is further contended 

that XRD analysis of Active Pharmaceutical Ingredient used by the 

defendant to manufacture ZITA and ZITA-MET reveals that it contains 

Sitagliptin Phosphate Monohydrate and not Sitagliptin Free Base.  It is also 

the case of the defendant that Sitagliptin Phosphate Monohydrate converts 

into Sitagliptin Free Base inside the human body due to natural process and 

does not amount to infringing the suit patent.  Reliance has been placed on 

Feed Service Corporation v Kent Feeds, Inc (528 F.2d 756) and Novartis 

Pharmaceuticals Corporation v Eon Labs Manufacturing, Inc., (363 

F.3d 1306). 

49. Learned counsel for the plaintiff has contended that Section 48(A) 

of the Act vests exclusive rights in the Patentee, in relation to the product 

patent, to prevent third parties who do not have their consent, from making, 

using, offering for sale or selling the said product in India. Thus, patent 
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rights are negative rights. It is contended that suit patent claims Sitagliptin 

and its pharmaceutically acceptable salts in compound no. 7 of claim 15, 

compound no. 4 of claim 17 and claim 19 in particular. Pharmaceutically 

acceptable salts, as stated in the patent specification of the suit patent, 

includes phosphoric acid as the preferred acid.  Sitagliptin is the biologically 

active ingredient that binds to the DPP-IV enzyme and is responsible for 

bringing about the biological/therapeutic effect.  In fact, Sitagliptin is a 

DPP-IV inhibitor.  Sitagliptin is contained in both the plaintiffs‘ as well as 

defendant‘s product.  In ZITA 100 mg Sitagliptin Phosphate Monohydrate is 

128.5 mg and, in fact, it contains 100 mg of Sitagliptin Free Base and is the 

active moiety.  Defendant has intentionally not mentioned this fact in its 

product    insert.  It is further contended that DW2 in response to question 

104, 116 and 187 has admitted that Sitaglitpin in Sitagliptin Phosphate 

Monohydrate exists as Sitagliptin –H + and the anion will be phosphate – 

along with a molecule of water. In response to question 105 DW2 has 

admitted that calculation of the amount of Sitaglitpin free base in one tablet 

of 128.5 mg of Sitagliptin Phosphate Monohydrate would work out to 100 

mg.  Sitagliptin is the biologically active moiety in Sitagliptin Phosphate 
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Monohydrate.  The use of Sitagliptin at the site of activity to bring out the 

desired therapeutic effect also amounts to ―infringement of the suit patent‖.   

50. It is further contended that expression “use” mentioned in Section 

48 of the Act includes use of  Sitagliptin by the defendant as the therapeutic/ 

biologically active moiety for bringing out the desired biological/therapeutic 

effect, that is, treatment of Diabetes Mellitus–Type II through DPP-IV 

inhibition.  Reliance has been placed on the judgment rendered by the 

Supreme Court of Canada in Monsanto Canada Inc. v. Schmeiser, 2004 

SCC 34 wherein it has been held :- ―whether the inventor has been deprived 

in whole or in part, directly or indirectly, of the full enjoyment of the 

monopoly conferred by the patent.‖.  It has been further held that ―if there is 

a commercial benefit to be derived from the invention, it belongs to the 

patent holder‖.  It is contended that DW2 has categorically deposed that the 

active molecule is the Sitagliptin base in the Sitagliptin Phosphate 

Monohydrate tablet.  The amount of Sitagliptin Free Base is 100 mg in the 

Sitagliptin Phosphate Monohydrate tablet of 128.5 mg.  Sitagliptin molecule 

is the active substance independent of the salt and Sitagliptin base is 

converted to a di-hydrogen phosphate salt to provide superior formulation or 

pharmacokinetic properties. 
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51. Learned counsel has next contended that after Sitagliptin tablet is 

consumed it disintegrates in human body.  Sitagliptin molecule binds to the 

DPP-IV enzyme. It is, thus, contended that use of Sitagliptin Free Base by 

the defendant in its products ZITA and ZITAMET amounts to infringement 

of the suit patent.  It is further contended that Sitagliptin Phosphate 

Monohydrate is covered by the suit patent.  Reliance has been placed on 

Farbewerke Hoechst Vs Unichem Laboratories AIR1969Bom255 

wherein, it has been held that: ―the specification is to be read as a whole, and 

that the body of the specification, or changing their meaning by reference to 

the language used in the body of the specification, though the body of the 

specification should be referred to for the purpose of resolving difficulties of 

construction occasioned by the claims when read by themselves. It is, 

therefore, clear that, in an infringement action, the main function of the court 

is to construe the claims which are alleged to have been infringed, without 

reference to the body of the specification, and to refer to the body of the 

specification only if there is any ambiguity or difficulty in the construction 

of claims in question‖. Learned counsel submits that it is established that 

pharmaceutically acceptable salts have been defined in the body of the 

patent specification of the suit patent as including phosphoric acid or the 
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phosphate salt of Sitagliptin, which has been listed as being one of the 8 

preferred salts.  The patent specification also describes the compounds of the 

suit patent, including Sitagliptin, which can exist in the form of hydrates 

such as a monohydrate.  The above disclosures are sufficient to conclude 

that defendant, by using Sitagliptin Phosphate Monohydrate in ZITA and 

ZITA-MET, clearly infringes the claims of the suit patent.  The disclosures 

made in the suit patent can be well understood by a person of ordinary skill 

in the art to select Sitagliptin Free Base, as pointed out in claim 19, and 

prepare all the salts of Sitagliptin from the 8 preferred acids. It is further 

contended that there is nothing in the European Patent prosecution of the 

Sitagliptin Phosphate Monohydrate patent that disregards the coverage of all 

the salts of Sitagliptin by the suit patent. In fact, it has been repeatedly 

asserted during the prosecution of the European Patent that all the 

pharmaceutically acceptable salts of Sitagliptin are covered by the suit 

patent. Every document before the European Patent Office indicates that 

there was a generic disclosure of all salts of Sitagliptin including the 

phosphate salt in the suit patent and that a patent on Sitagliptin Phosphate 

Monohydrate was being sought only as a ―selection invention‖ for 

Sitagliptin Phosphate Monohydrate‘s surprising and unexpected 
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physiochemical properties, over the free base and the hydrochloride salt.  

European Patent Office, in their interlocutory decision in the opposition 

proceedings dated 15th March 2010 in para 5, held that ―In agreement with 

the opponent, the division is of the opinion that the presently claimed 

dihydrogen phosphate is obvious to the skilled person if the technical 

problem is merely the provision of an alternative form of Sitagliptin, 

However, the selection of the dihydrogen phosphate can be regarded as 

inventive, if this salt exhibits certain effects and if the objective technical 

problem to be solved is therefore more ambitious‖. 

52. It is further contended that defendant has admitted in its various 

documents that Sitagliptin Phosphate Monohydrate contains Sitagliptin as 

base and Sitagliptin is the active moiety in Sitagliptin Phosphate 

Monohydrate.  Ex. P6 is a patent granted in the United States wherein 

Glenmark Generics Ltd., that is, one of the sister concerns of the defendant, 

has admitted as under :- 

―R-Sitagliptin is commonly available as sitagliptin phosphate, 
7-[(3R)-3-amino-1-oxo-4-(2,4,5-trifluorophenyl)butyl]-5,6,7,8-
tetrahydro-3-(trifluoromethyl)-1,2,4-triazolo[4,3-a]pyrazine 
phosphate (1:1) monohydrate,  

―Sitagliptin phosphate is an orally administered dipeptidyl 
peptidase-4 (DPP-4) inhibitor. Sitagliptin has been developed 
for the treatment of Type-2-diabetes and is available in the 
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market under the brand name JANUVIA® as tablets in the 
dosage strengths of 25, 50, or 100 mg equivalent base.‖ 

―U.S. Pat. No. 6,699,871 (equivalent to suit patent) describes 
various DPP-4 inhibitors including sitagliptin and their 
pharmaceutically acceptable salts,..‖ 

53. In another patent application of Glenmark Generics Ltd., relating 

to process of preparation of R-Sitagliptin and intermediates thereof, it has 

been admitted as under :-  

―[0003]R-sitagliptin is commonly available as sitagliptin 
phosphate,   7-[(37?)-3-amino-l-oxo-4-(2,4,5-
trifluorophenyl)butyl]-5,6,7,8-tetrahydro-3-(trifluoromethyl)- 1 
,2,4-triazolo[4,3-o]pyrazine phosphate (1 : 1) monohydrate, 

[0004] Sitagliptin phosphate is a glucagon-like peptide 1 (sic) 
metabolism modulator, hypoglycemic agent, and dipeptidyl 
peptidase-4 (DPP-4) inhibitor. R-Sitagliptin is currently 
marketed in its phosphate salt in the United States under the 
trade name JANUVIA® in its monohydrate form as tablets in 
the dosage strengths of 25, 50, or 100 mg equivalent base.‖ 

―[0006] United States Patent No. 6,699,871 describes various 
DPP-4 inhibitors including sitagliptin and their 
pharmaceutically acceptable salts, a pharmaceutical 
composition and method of treatment and a process for the 
preparation of sitagliptin hydrochloride.‖ 

54. In pre-grant opposition against Indian Patent Application no. 

2710/CHENP/2008 filed by Glenmark Pharmaceuticals Ltd. similar 

admissions have been made which read as under :-   

“WO 03/004498 teaches DPP-4 inhibitors, which are useful in 
the treatment or prevention of diabetes and particularly type2 
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diabetes. This document discloses and claims sitagliptin and its 
pharmaceutically acceptable salts in claim 15........‖ 

55. It is contended by the learned counsel that WO 03/004498 is 

equivalent to the suit patent. 

56. Defendant‘s own publication Ex. DW1/P22 refers to abstracts 

from 5 scientific publications all of which define Sitagliptin as DPP-IV 

inhibitor.   In the said publication defendant admits as under :-  

―Sitagliptin is an orally-active dipeptidyl peptidase-4 (DPP-IV) 
enzyme inhibitor that improves glycemic control in patients 
with Type 2 diabetes mellitus by slowing the inactivation of 
incretin hormones……Sitagliptin is currently marketed in its 
phosphate salt in the United States under the trade name 
JANUVIA™ in its monohydrate form JANUVIA™ is indicated 
to improve glycemic control in patients with type 2 diabetes 
mellitus.‖ 

―U.S. Patent No. 6,699,871 ("the '871 patent") discloses a class 
of beta-amino-tetrahydrotriazolo [4,3-a]pyrazines such as 
Sitagliptin and its hydrochloride salt form, a potent inhibitor of 
DPP-IV enzyme. Other pharmaceutically acceptable salts of 
this compound are generically encompassed within the scope of 
the '871 patent. It also discloses a process for the preparation of 
sitagliptin and related compounds.‖ 

 

57. From the facts narrated hereinabove it is clear that matter involves 

invention of a chemical molecule/compound in the medicinal field and is of 

highly technical nature.  In such like matter court has to go by the opinion of 

the experts in the field, whose testimony is found trustworthy and reliable, 
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inasmuch as, is supported by the documents.   The court has not to super 

impose its view over and above the technical experts, more so when Judges 

are not experts in chemical and medicinal filed.  In Martin F. D‘Souza vs. 

Mohd. Ishfaq (2009) 3 SCC 1, Supreme Court held thus : ―the Courts and 

Consumer Fora are not experts in medical science, and must not substitute 

their own views over that of specialists‖.  

58. PW2 is an independent technical expert.  He is not the employee of 

plaintiff.  He is chemical and medicinal expert.  He has deposed that suit 

patent provides compounds that inhibit the activity of DPP-IV along with 

compositions, articles of manufacture and processes for making the 

compounds.  The pharmaceutical compound, Sitagliptin, is covered by 

claims 1, 15, 17 and in particular by claim 19 and also at example 7 in the 

suit patent.  Sitagliptin is the active pharmaceutical ingredient of the drug 

JANUVIA.  Its chemical name is 4-oxo-4-[3-(trifluoromethyl)-5, 6-

dihydro[1,2,4] triazolo [4,3,a]pyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl) 

butan-z-amine.  The structure reads thus:- 
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59. He has further deposed that a person of ordinary skill in the art 

would have been readily able to produce the phosphate salt of Sitagliptin, 

and in particular the dihydrogenphosphate of Sitagliptin.  It is a trivial matter 

for one skilled in the art to convert one salt of an amine into another 

different salt.  For example, the hydrochloride salt can readily be converted 

to the free base by treatment with a base such as sodium hydroxide.  After 

isolation, the free base can be treated with a stolchlometric (one molecule of 

base + one molecule of phosphoric acid) to produce the 

dihydrogenphosphate salt.  Same operation can be carried out to prepare any 

pharmaceutically acceptable salt simply by treating the free base with a 

different acid (e.g. sulphuric acid, maleic acid, and the like).  He has further 

deposed that one skilled in the art could readily read and apprehend the 

teachings of the suit patent. The methods of synthesis are competently 

illustrated with accompanying discussions and references.  Analytical 
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properties of intermediates are provided (i.e.IH-NMR and mass spectra), as 

well as specific reaction conditions and compound isolation procedures. 

Seven specific examples are provided, as well as Table 1, which lists 26 

additional compounds that were prepared by the methods described in 

examples 1 – 7. Example 7 in particular illustrates the synthesis of 

Sitagliptin.  Any person skilled in the art could follow the directions in the 

examples to prepare Sitagliptin.  

60. He has further deposed that he himself conducted the experiments 

in his laboratory in order to demonstrate that the teachings of IN 816 (suit 

patent), including the examples and the general process scheme described 

therein, provide a person skilled in the art along with his common general 

knowledge, sufficient information to prepare Sitagliptin Free Base and its 

pharmaceutically acceptable salts: 

Experiment No. 1: Converting Boc-protected Sitagliptin to 
Sitagliptin Hydrochloride; 

Experiment No. 2:  Converting Sitagliptin Hydrochloride to 
the Free Base; 

Experiment No. 3:  Converting Sitagliptin Free Base to the 
dihydrogen phosphate salt; and  

Experiment No. 4: Converting Sitagliptin free base to the 
sulphate salt. 
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In the experiment 4, above, while crystals of Sitagliptin 
sulphate were obtained by suction filtration, with mp 187-188 
oC. 

Experiment No. 1: Converting Boc-protected Sitagliptin to 
Sitagliptin Hydrochloride: 

As described in Example 7 of the suit patent 7-[(3R)-3-amino-
4-(2,4,5-trifluorophenyl) butanoyl]-3- (trifluoromethyl)-5,6,7,8-
tetrahydro-1,2,4-triazolo[4,3-a]pyrazine hydrochloride was 
prepared from 7-[(3R)-3-[1,1-dimethylethoxycarbonyl) amino]-
4(2,4,5-trifluorophenyl)-butanoyl]-3-(trifluoromethyl)-5,6,7,8-
tetrahydro-1,2,4-triazolo[4,3-a]pyrazine (obtained from Merck), 
as shown below:- 

 

A solution of 16: ml of freshly prepared 4N HCI/MeOH was 
added to a 50 ml round bottom flask containing 1.012 g (2 
mmol) of N-Boc-protected Sitagliptin.  The Boc-sitagliptin, 
obtained from Merck, was a light white solid, which dissolved 
readily in the HCI/MeOH after a few seconds to provide a clear 
water-white solution.  The reaction was stirred at room 
temperature for 1 hour and was then concentrated under 
reduced pressure to afford the hydrochloride salt of Sitagliptin 
as white foam.   

Experiment No. 2 Conversion of Sitagliptin hydrochloride to 
the free base:- 
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 The crude hydrochloride salt obtained above was dissolved 
in 40 ml of water and this solution was transferred to a 
separatory funnel. The aqueous solution was made basic by 
addition of 20 ml of 2N KOH solution.  The clear solution 
immediately turned cloudy-white.  This basic solution was 
extracted with 3 x 20 ml of ethyl acetate, after which the 
cloudliness cleared.  They ethyl acetate extract was dried 
overnight over Na2SO4.  The drying agent was removed by 
filtration, and the fitrate was concentrated to dryness under 
reduced pressure.  The free base was obtained in quantitative 
yield as a thick viscous water-white syrup.  After storage 
overnight in the cold room, the free base solldified to a white, 
somewhat waxy solid with mp 116-118 oC. 

Experiment No. 3 Conversion of Sitagliptin freebase to the 
dhydrogen phosphate salt: 

In this preparation, we remained mindful of the reagents that 
might likely be used in a manufacturing process.  Thus, we 
avoided chlorinated or toxic solvents.  In particular, although in 
a research laboratory methanol might be used to prepare an 
amine salt, it is toxic and it was considered that ethanol and 
isopropanol would be relatively nontoxic solvents of commerce, 
and with a higher flash point than methanol.  
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Ethanol as a solvent 

A solution of 203 mg (0.5 mmol) of Sitagliptin freebase 
prepared aboe in experiment No. 2 was dissolved in 10 ml of 
abs EtOH, heating with a heat gun to near boiling to ensure all 
the base was in solution.  A solution of 0.34 ml of 1.47 M 
phosphoric acid in ethanol was then added all at once.  On 
standing at room temperature, very fine white crystals began to 
form.  The solution was allowed to stand at room temperature 
for 30 min, then placed into the cold room overnight.  The next 
morning the white precipitated salt was collected by vacuum 
filtration.  The particles were very fine and filtering was 
extremely slow.  After air drying, the dihydrogenphosphate salt 
weighed 215 mg (85% recovery), with mp 208-210 o C 
(uncorrecgted).  

Isopropanol as a solvent 

A solution of 203 mg (0.5 mmol) of Sitagliptin freebase was 
dissolved in 10 ml of IPrOH, heating with the heat gun to 
ensure all the base was in solution.  As solution of 0.34 ml of 
1.47 M phosphoric acid in ethanol was added all at once.  There 
was an immediate white cloudiness that did not settle.  After 
standing at room temperature for 30 min, this solution was 
placed in the cold room overnight.  The next morning an 
attempt was made to filter the product.  However, it was more 
like a colloidal suspension and only a small amount of product 
could be obtained by filtration, which after air drying weighed 
only 100 mg and had mp 206-208 oC (uncorrected). 

It is concluded that Sitagliptin dihydrogen phosphate is 
essentially insoluble in isopropanol, and only poorly soluble in 
ehanol.  

Experiment No. 4 Conversion of Sitagliptin freebase to the 
Sulfate salt: 

The sulphate salts of amines are often prepared as 
―pharmaceutically acceptable‖ salts.  Thus, 203 mg (0.5 mmol) 
of Sitagliptin freebase was dissolved in 10 ml of abs EtOH by 
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warming with the heat gun.  A solution of 0.28 ml of 1.8 M 
sulphuric acid in ethanol was then added.  After 30 min, no 
evidence of crystallization had occurred.  The solution was 
therefore reduced to dryness to afford Sitagliptin sulphate as a 
fine white powder.  They dry powder was dissolved in a 
minimum amount of boiling absolute ethanol and then allowed 
to cool.  After storage overnight in the cold room, fine white 
crystals of Sitagliptin sulphate were obtained by suction 
filtration, with mp 187-188 o C (uncorrected). 

61. He has further deposed that it would be completely obvious to one 

skilled in the art that the biologically active molecule is Sitagliptin, 

illustrated earlier as formula I.  It is the chemical structure of Sitagliptin that 

specifically binds to the DPP-IV enzyme and produces inhibition.  This fact 

has been beautifully illustrated in the publication by Kim et al. (2005).  He 

has further deposed that one skilled in the art would readily appreciate that 

the particular anion that was associated with the molecule in its salt form 

(e.g. chloride, dihydrogenphosphate) would play no role whatsoever in the 

biological activity of the molecule once it was within the body.  

62. In his cross-examination he has reiterated that Sitagliptin 

Phosphate Monohydrate is generically disclosed in the suit patent though not 

specifically. He has reiterated that because the suit patent claims Sitagliptin 

and all its pharmaceuticals acceptable salts, Sitagliptin Phosphate 

Monohydrate would be covered by the suit patent.  He has further deposed 
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that novelty of Sitagliptin Phosphate Monohydrate would be that it is 

deserving of a ‗selection‘ patent.  He has further deposed, in his cross-

examination, that suit patent indicates that any number of pharmaceutically 

acceptable salts of Sitagliptin could be prepared and the skilled person 

would understand how to make those salts.  So in his opinion, Sitagliptin 

Phosphate Monohydrate and any other pharmaceutically acceptable salt are 

enabled by the patent.  He has further deposed that active molecule is 

Sitagliptin base that has been converted to a dihydrogen phosphate hydrate 

salt to provide superior formulation, stability and pharmacokinetic 

properties.  He has also reiterated that Sitagliptin molecule itself is the active 

substance, independent of any particular salt, it should still provide DPP-IV 

inhibition.   

63. In question 91 it was put to PW2 that DPP-IV inhibition of such 

free base dosage forms in comparison to Sitagliptin Phosphate Monohydrate 

is different.  He responded by saying that degree of DPP-IV inhibition is 

dependent on the plasma concentration of Sitagliptin.  If such a formulation 

achieved the same plasma concentration as following Sitagliptin Phosphate 

Monohydrate, then the degree of inhibition would be comparable.  One must 

appreciate that after Sitagliptin or Sitagliptin Phosphate Monohydrate is 
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administered to a patient it must become soluble and ionized in the lumen of 

the small intestine.  In the lumen of the small intestine all drugs that are 

amines exist largely in the protonated form, that is, the ionized form as 

defined by the Henderson Hasselbalch equation.  In general only a small 

percentage of amine containing drugs are unionized in the small intestine.  

This is critical because only the unionized form of the drug is absorbed into 

the system.  Thus, the nature of the salt associated with the amine is 

essentially irrelevant because the salt is not absorbed along with the amine.  

Once the free base of an amine (e.g. Sitagliptin Phosphate Monohydrate) has 

been absorbed into the system it equilibrates with all the biological anions 

present in the plasma, which would typically include chloride, bicarbonate, 

carbonate, phosphate and other salts typically present in the plasma. 

Importantly, as noted in the affidavit, Sitagliptin binds to the DPP-IV 

enzyme without any associated anion. In answer to question 95, he has 

deposed that Sitagliptin Phosphate Monohydrate is a potent inhibitor of 

DPP-IV because it delivers Sitagliptin to the system.  The dihydrogen 

phosphate salt hydrate does not add to the potency of Sitagliptin, rather, it 

creates a pharmaceutical composition that has superior properties in creating 

a dosage form.   
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64. It was put to him, in his cross-examination, that neither scheme 6 

nor example 7 discloses the isolation of the free base of any compound 

arising from the Markush.  He responded by saying that in any text book 

illustrating the deprotection of a N-BOC group, it would be typical not to 

show the anion as that is irrelevant to the actual chemical transformation.  

To suggest that the skilled person would not recognize that the N-BOC 

deprotection would lead to the ability to obtain a free base, would rob a 

skilled person of one of the most fundamental chemical transformations in 

organic chemistry.   It was also put to him that isolation both in scheme 6 

and in example 7 is of the salt, inasmuch as, the H-NMR at the end of 

example 7 relates to the hydrochloride salt.  He responded by saying that in 

scheme 6, there is no indication that structure ―1‖ is a salt.  With respect to 

example 7, it may be correct that proton NMR is of the salt.  He volunteered 

by saying that anyone with basic skill in the art would know how to carry 

out readily, inasmuch as, he himself converted the hydrochloride of 

Sitagliptin to the free base.   It was further put to him that in scheme 6 due to 

the reaction with TFA, formula 1 encircled at portion M would be in a salt 

form.  He responded by saying that reaction named above the arrow 

converting 13 to 1 indicates ―deprotection‖.  One skilled in the art would 
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expect during the work up of this reaction that some base could be added to 

neutralize the TFA salt. Nevertheless, it would be common in discussing the 

tBOC deprotection to omit presentation of the anion.  In answer to question 

138 he reiterated that the compounds illustrated in claim 15 are all shown as 

free bases.  So, if they were isolated as the hydrochloride salts, they are all 

presented in the claims as free bases.    

65. In answer to question 155 he deposed that if he gave one of his 

students any salt of any of the compounds exemplified in the suit patent and 

instructed them to convert it to the free base, they could do so without any 

further instructions.  If he then gave them a list of the 8 most preferred acids 

and instructed them to use the free base to prepare salts with each of the 

acids they could do so without further instructions.  This overall chemistry is 

very fundamental in organic chemistry and is taught in all sophomore 

organic chemistry classes in the United States.  As regards non-disclosure of 

XRD, NMR, DSC curve, etc. is concerned, in answer to question 85 he has 

deposed that these refer to solid state analysis that would be appropriate for 

characterizing a specific polymorphic form of Sitagliptin Phosphate 

Monohydrate.  Further that such methods would be necessary to claim a 
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specific polymorphic form of the drug.  There is no reason not to accept this 

explanation of the PW2. 

66. In question 162 it was put to him that free base of Sitagliptin is not 

specifically exemplified in the suit patent.  He respondent by saying ―suit 

patent clearly identifies the Markush structure as well as Sitagliptin free base 

in claim 19, as well as of the pharmaceutically acceptable salts. I do not 

understand the basis for your assertion that the free base is not claimed.  If 

you intend to mean that no process is disclosed for actually isolating and 

characterizing the free base of Sitagliptin within the suit patent, that may be 

true.  A skilled person would recognize that the active molecule is 

Sitagliptin, per se, and not a specific salt.‖  PW2 has further deposed that it 

is the Sitagliptin molecule itself that binds to and inhibits the DPP-IV 

enzyme.  It was put to PW2 in question no. 175 that inhibition by Sitagliptin 

is after conversion of Sitagliptin Phosphate Monohydrate to the free base 

within the intestine by a natural process in the human body, though the 

administered product contains only Sitagliptin Phosphate Monohydrate.  He 

responded that question was not technically correct.  He explained that when 

Sitagliptin Phosphate Monohydrate is taken into the stomach, due to the 

high concentration of Hydrochloride within the gastric fluid it will exist 
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primarily as a Hydrochloride salt.  When it passes into the lumen of the 

small intestine where the pH is higher, an equilibrium will be established 

between Sitagliptin free base and an ionised form of Sitagliptin, based on the 

content of anions in the small intestine.  The percentage of Sitagliptin free 

base present in the small intestine can be estimated to be on the order of 

about 1%.  This small fraction of Sitagliptin free base is what is actually 

absorbed across the intestinal wall into the systemic circulation.  Once in the 

blood, an equilibrium is re-established between Sitagliptin free base and 

protonated Sitagliptin.  This protonated Sitagliptin will be associated with a 

variety of anions that will include chloride, phosphate, bi-carbonate and 

carbonate.  The protonated or ionised form of Sitagliptin is the form that 

actually binds to and inhibits the enzyme.  That much is evident from the 

publication of Kim et. Al., 2005, where the X-ray crystal structure of 

Sitagliptin is illustrated binding to DPP-IV.  The amino group of Sitagliptin 

is coordinated with two glutamate anions and a tyrosine residue within the 

enzyme active site.  He went on saying, in answer to question 176, that 

equilibration between Sitagliptin free base and various protonated forms of 

Sitagliptin occur within the human body by natural processes.  
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67. PW4 Dr. Ann E. Weber also reiterated, in her cross-examination, 

that phosphate salt and hydrate are generally disclosed in the suit patent.  

They are novel and specifically disclosed in the EP 263 patent.  It was put to 

her in question 39 that process for isolation of the Sitagliptin free base as 

disclosed in the Sitagliptin Phosphate Monohydrate patent was also not 

known to her on the date of filing of the suit patent.  She responded by 

saying that the process of isolation of the Sitagliptin free base would be well 

known to any chemist. In question 72 it was put to her that 33 examples as 

mentioned in the suit patent were of hydrochloride salt. She responded that 

examples 1 to 7 describe hydrochloride salts of compounds 1 to 7 including 

Sitagliptin and compounds 8 to 33 describe free base compounds as shown 

in table 1.  In response to question 77 she reiterated that conversion of a 

hydrochloride salt to a free base or another pharmaceutically acceptable salt 

is a process well known to sophomore level organic chemistry students.  In 

response to question 102 she stated that to one skilled in the art of medicinal 

chemistry the suit patent clearly points to Sitagliptin as it is the sole 

compound claimed in claim 19.  

68. As against this, DW2 Dr. Ashwini Nangia, technical expert of 

defendant has deposed that no details or descriptions in respect of 
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preparation of a phosphate salt of Sitagliptin along with its different hydrates 

are provided anywhere in the suit patent.  The same have been provided in 

the abandoned patent.  He further stated that on the basis of reports provided 

by the defendant regarding testing qua the polymorphic forms of the Active 

Pharmaceutical Ingredient, ZITA and ZITA-MET contain nothing but 

Sitagliptin Phosphate Monohydrate which is the subject matter of the 

abandoned patent.  Claim 19 of the suit patent discloses only Sitagliptin 

Hydrochloride and its process of preparation.  All the 7 examples 

specifically teach preparation of Hydrochloride salts only.  The end-product 

in Scheme 6 is a salt and not a free base.  There are no details or guidance in 

the suit patent which will motivate and educate a person skilled in the art 

about i) Sitagliptin Free Base, its preparation and its use as a potent DPP-IV 

inhibitor for treatment of type II diabetes mellitus; and ii) about Sitagliptan 

Phosphate Monohydrate, its preparation and its use as a potent DPP-IV 

inhibitor for treatment of type II diabetes mellitus – out of the billions of 

compounds.  However, stand taken by him is contrary to the stand taken in 

Ex. DW2/P1, which is a patent application filed by Laurus Labs Private 

Limited in respect of Sitagliptin Pterostilbene Phosphate Salt of which DW2 

is one of the inventors.   It has been stated therein as under :- 
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I. (Pg-3 of application) ―Ü.S. Patent No. 6,699,871 (―the 
‗871‘ patent‖) discloses a class of beta-amino-tertahydrotriazolo 
[4,3-a] pyrazines such as Sitagliptin and its hydrochloride salt 
form, a potent inhibitor of DPP-IV enzyme.  Other 
pharmaceutically acceptable salts of this compound are 
generically encompassed within the scope of the ‗817 patent.  It 
also discloses a process for the preparation of Sitagliptin and 
related compounds‖. 

II. (Pg-8 of application) ―The Sitagliptin free base, used in 
the present invention, can be prepared by any known method 
for example Sitagliptin free base may be synthesized as 
disclosed in U.S. Patent No. 6,699,871‖. 

69. Similar is the stand taken by Glenmark Generics Limited, Mumbai a 

sister concern of the defendant.   Glenmark Generics Limited, Mumbai had 

filed U.S. Patent (Ex. P-6) in respect of R-sitagliptin and its 

pharmaceutically acceptable salts wherein in column 2 it has been stated as 

under :- 

I. ―Sitagliptin phosphate is an orally administered 
dipeptidyl peptidase-4 (DPP-4) inhibitor.  Sitagliptin has been 
developed for the treatment of Type -2- diabetes and is 
available in the market under the brand name JANUVIA as 
tablets in the dosage strengths of 25, 50 or 100 mg equivalent 
base‖. 

II. AND ―U.S. Patent No. 6,699,871 describes various DPP-
4 inhibitors including sitagliptin and their pharmaceutically 
acceptable salts, a pharmaceutical composition and method of 
treatment and a process for the preparation of sitagliptin 
hydrochloride‖. 
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70. The stand taken by DW2 in his affidavit is in conflict with what has 

been stated in Ex. DW2/P-1 of which DW2 is one of the inventor.  That 

apart, I find that DW2 has taken shifting stand.  He has not been able to 

specify as regards to what happens in the human body when Sitagliptin 

Phosphate Monohydrate is consumed.  He asserts that he was only aware 

that Sitagliptin Phosphate Monohydrate is Sitagliptin-H+ Phosphate (-) 

H2O.  He further stated that what happens to Sitagliptin Phosphate 

Monohydrate after it is consumed in the human body is a series of biological 

processes and transformation which are governed by the natural processes in 

the human body.  It was put to him that when the positively charged 

Sitagliptin passes into the small intestine it is only the free base which is 

absorbed across the wall of the small intestine, it then passes into the blood 

stream and reaches the site of action as a protonated form without the 

phosphate anion.  He responded by saying that once Sitagliptin Phosphate 

Monohydrate enters the stomach and is sprayed by gastric juices, it belongs 

to the patient.  It is neither JANUVIA nor ZITA.  He stated that ―I really 

don‘t know, and I mean really, what happens as it continues its journey in 

the patient‘s stomach and beyond.‖  At the same time, in answer to question 

104 he has deposed that Sitagliptin in Sitagliptin Phosphate Monohydrate 
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will exist in the salt form as Sitagliptin-H+ and the anion will be phosphate(-

) along with a molecule of water.  According to him, tablet of Sitagliptin 

Phosphate Monohydrate will not contain Sitagliptin Free Base but in ionized 

and protonated form as Sitagliptin-H+.  A question was put to him that 

amount of Sitagliptin Free Base in one tablet of 128.5 mg will be 100 mg.  

He answered this by saying that calculation is correct for Sitagliptin Free 

Base but Sitagliptin will be present in the ionized and protonated form as 

Sitagliptin H+ in Sitagliptin Phosphate Monohydrate.  Strangely enough, on 

the one hand he has claimed that suit patent was obvious from the prior arts, 

as disclosed in four other patents, but at the same time has claimed that 

Sitagliptin Free Base or its phosphate salt will not be obvious to a person of 

ordinary skilled in art.  He is one of the co-inventor in the patent of Laurus 

Labs in respect of Sitagliptin Pterostilbene Phosphate Salt, but in his 

deposition, he claimed that he had not worked in any drug discovery 

himself.  He also avoided to answer as to whether Sitagliptin was actually 

the DPP-IV inhibitor.  It is also evident that Prof. Nangia has personal 

interest in Sitagliptin, being one of the inventors of Ex. DW2/P1, inasmuch 

as, he has given evasive replies to the questions which were inconvenient to 
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the defendant.   Accordingly, I find PW2 to be more trustworthy and reliable 

witness in the chemical, biological and medicinal field.  

71. PW1-Shri K.G. Ananthakrishnan has deposed that defendant‘s 

products ZITA and ZITA-MET (Ex. P1 to P4) contain Sitagliptin Phosphate 

Monohydrate and combination of Sitagliptin Phosphate Monohydrate plus  

Metformin Hydrochloride respectively and are used for the treatment of type 

II diabetes.   A perusal of record shows that Ex. P1 and Ex. P3 are 

packagings of ZITA 100 mg and ZITA-MET 50 mg/500 mg; whereas Ex. 

P2 and Ex. P4 are product inserts of ZITA 100 mg and ZITA-MET. 

Packaging and product inserts of the defendant clearly mentions that ZITA 

100 mg is Sitagliptin Phosphate Monohydrate Tablets and ZITA-MET is 

combination of Sitagliptin Phosphate Monohydrate plus Metformin 

Hydrochloride tablets.  Packagings and product inserts of 

JANUVIA/ISTAVEL 100 mg. JANUMET/ISTAMET have also been 

proved on record as Ex. PW1/6 to PW1/9 and PW5/4 to PW5/7.  JANUVIA 

100 mg and ISTAVEL 100 mg are Sitagliptin Phosphate tablets; whereas 

JANUMET 50/500 mg and ISTAMET 50/500 mg are combination of 

Sitagliptin Phosphate Monohydrate plus Metformin Hydrochloride tablets.  

A perusal of the product inserts clearly shows that product inserts of ZITA 
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and ZITA-MET are replica of product inserts of plaintiffs‘ products with 

minor and insignificant variations, inasmuch as, molecule structure of both 

the products, as reflected in the product inserts are similar. 

72. Learned senior counsel has contended that in a patent infringement 

suit, infringement cannot be established by mere comparison of labels and 

molecule structures etc.  Reliance has been placed on F Hoffman La Roche 

Vs. Cipla Limited (2012(52) PTC 1(DEL)) and 263 wherein it has been 

held thus : ―It must be remembered that the present claim of the plaintiffs is 

premised on the right of the plaintiffs in the patent of a chemical compound, 

therefore the infringement of the same has to be established by 

corresponding chemical analysis of the defendant's product and not by mere 

comparison of the labels, strips or what is written thereon to show that there 

is an infringement‖.  I find the said judgment to be in the context of different 

facts, inasmuch as, in this case plaintiff has not sought to establish 

infringement of the suit patent only on the basis of these packaging and 

product inserts but by other ocular as well as documentary evidence on 

record.  In my view, defendant cannot conveniently disown what has been 

written on the packagings and the product inserts, which is a disclosure to 

the public at large including the doctors and consumers of the drug about the 
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contents used and utility of the drug.  In case a manufacturer is permitted to 

disown the declarations made in the packaging and the product insert it will 

have disastrous consequences.  Be that as it may, it emerges from the 

comparison of the product inserts of the plaintiffs‘ product and that of 

defendant that they are same and contain same compound, that is, Sitagliptin 

Phosphate Monohydrate, inasmuch as, the drug is DPP-IV inhibitor and 

used for treatment of type II diabetes. 

73. Defendant has claimed that process used by it is different than the 

process used by the plaintiffs for manufacturing Sitagliptin Phosphate 

Monohydrate as contained in ZITA and ZITA-MET.  First of all, no such 

process has been disclosed in the written statement and counter claim, 

inasmuch as, no employee of the defendant has stepped in the witness box to 

prove such process.  Certain documents were introduced in evidence through 

DW2, which cannot be taken as duly proved, as he is neither the author of 

said documents nor had an occasion to verify the said process having not 

monitored the manufacturing at any stage or having involved himself in such 

manufacturing process.  DW2 has not even personally analyzed the products 

of the defendant so as to verify the said processes.  I do not find any force in 

the contention of defendant that plaintiffs ought to have proved that 

350



CS (OS) 586/2013                                                                                                               Page 85 of 133 
 

defendant had been deploying same process, as was being practiced by the 

plaintiffs.  Defendant has taken this plea in the written Statement and should 

have proved the same, more so when products of the plaintiffs and defendant 

contain same chemical compounds.  

74. Use of Sitaglpitin in ZITA and ZITA-MET, by itself, amounts to 

infringement of suit patent within the meaning of section 48 of the Act.  In 

Novartis AG & Ors. Vs. Union of India & Ors. 2013 (54) PTC 1 (SC), it has 

been held that ―in whatever way therapeutic efficacy may be interpreted, this 

much is absolutely clear; that the physic-chemical properties of beta 

crystalline form of Imatinib Mesylate, namely (i) more beneficial flow 

properties (ii) better thermodynamic stability and (iii) lower hygroscopicity, 

may be otherwise beneficial but these properties cannot even be taken into 

account for the purpose of the test of section 3(d) of the Act, since these 

properties have nothing to do with therapeutic efficacy‖.  PW3 John Todaro 

has deposed that Merck decided to abandon the sitagliptin salt patent 

because they did not have data to support enhanced efficacy, as required by 

section 3(d) of the Act and in view of the existing patent protection for 

sitagliptin and its pharmaceutically acceptable salts afforded by Indian 

Patent No. 209816 (suit patent).  He has further deposed that as per the first 
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examination report issued by the Indian Patent Office on January, 15, 2009, 

claims were objected to under section 3(d).  In addition, the claims were 

found to be anticipated by WO2003/004498, the international application 

(equivalent to Indian Patent No. 209816) covering the sitagliptin compound.  

The claims were also said to lack inventive step in view of a) WO 

2003/004498 b) Edmondson, S.D. PROUS Science.  Drug Data Report, vol. 

25, No. 3, 2003, pp. 24-246 and c) Database PROUSDR (online) 2003. 

XPOO2295584. 

75. Judgments Feed Service Corporation and Novartis Pharmaceuticals 

Corporation (supra) are in the context of different facts and are of no help to 

the defendant.  In the said cases, infringing products were found to be 

forming inside the body by natural process.  In the present case, Sitagliptin 

is not formed by natural process but, in facts, is administered in the human 

body.  It has come on record that Sitagliptin forms the major portion of 

Sitagliptin Phosphate Monohydrate. In fact, 100mg Sitagliptin freebase is 

present in a 128.5 mg Sitagliptin Phosphate Monohydrate tablet. Dosage of 

Sitagliptin as prescribed are 100mg, 50mg and 25 mg, as the case may be, 

for inhibition of DPP IV, for treating type II diabetes. Thus, use of 
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Sitagliptin Free base alone in Sitagliptin Phosphate Monohydrate tablet by 

the defendant itself amounts to infringement of the suit patent.  

76. From the above discussions, I am of the view that plaintiffs have 

succeeded in proving that suit patent discloses Sitagliptin Phosphate 

Monohydrate generically. Sitagliptin Free Base is also disclosed.  It is the 

Sitagliptin Free Base which is the DPP-IV inhibitor and phosphate salt is 

used for delivery of Sitagliptin in the body.  Sitagliptin Phosphate 

Monohydrate has enhanced properties in the sense that it has improved 

chemical and physical characteristics, but the active moiety is Sitagliptin. 

Therapeutic efficacy is not enhanced by Sitagliptin Phosphate Monohydrate 

since it is the Sitagliptin itself which is the active moiety and is effective for 

inhibiting DPP-IV enzyme and is useful for treatment of type II diabetes.  

Sitagliptin is not produced in the human body by a natural process but, in 

fact, Sitagliptin is delivered in the human body which is the bulk compound 

in the Sitagliptin Phosphate Monohydrate.  All the literature placed on 

record including the Indian Pharmacopoeia (Ex. DW1/P-21), indicates 

Sitagliptin is a DPP-IV inhibitor.  

77. All the above issues are decided accordingly in terms of the findings 

returned herein above.  
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Issue Nos. 8 and 10  

78. Defendant has claimed revocation of the suit patent on the following 

grounds :- 

a) Subject matter of the patent is obvious in nature and does 
not involve any inventive step having regard to what was 
publicly known or used or published in India or elsewhere –
Section 64(1)(f); 

b) The invention as claimed in any claim of the complete 
specification is not useful – Section 64(1)(g); 

c) The complete specification of the patent does not 
sufficiently and fairly describe the invention and the method by 
which it is to be performed, that is to say, that the description of 
the method or the instructions for the working of the invention 
as contained in the complete specification are not by themselves 
sufficient to enable a person in India possessing average skill 
in, and average knowledge of, the art to which the invention 
relates, to work the invention, or that it does not disclose the 
best method of performing it which was known to the applicant 
for the patent and for which he was entitled to claim protection 
-Section 64 (1)(h); 

d) Any claim of the complete specification is not fairly 
based on the matter disclosed in the specification - Section 
64(1)(i); 

e) The patent was obtained on a false suggestion or 
representation – Section 64(1)(j); 

f) Applicant failed to comply with Section 8 –Section 
64(1)(m); 
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79. As regards ground (a) is concerned, it is contended that suit patent is 

obvious to a person skilled in the art, in the light of various prior art 

documents, that is, (a) WO 01/34594 (b) JP 2000/319278 and (c) US 

5,939,560 (d) EP 1406622. 

80. As per the defendant, on the basis of the teachings of WO 01/34594 

read in the background of JP 2000/319278 – it would be obvious to a person 

skilled in the art to develop compounds that can be used for treatment of 

diabetes having the following structure: 

 

 

 

 

81. It is further contended that claim 1 of US 5,939,560 further discloses 

that various substitutions can be made at different positions (n, m, X, A, Y 
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and R) of the Markush structure to develop compounds that would be useful 

in the treatment of diabetes. When the following substitutions are made i.e. n 

is 2, m is 1, X is NH, A is beta amino acyl group, Y is N and R is H, inter 

alia the following compound is obtained: 

 

82. Thus, it is contended that the concept of Beta-amino derivatives as 

DPP-IV inhibitors was known before the priority date, that is, 6th July, 2001 

of the suit patent. Thus, it would have been obvious to a person skilled in the 

art to reach the suit patent by working in the same field. It is further 

contended that PW2 Dr. Nichols in question to 177, 181-184 has admitted 

that US 5,939,560 relates to DPP-IV inhibitors and generally covers Beta 

amino acyl groups as DPP-IV inhibitors.  He has further stated that Markush 

structure will embody a piperazine ring.  It is further case of the defendant 

that EP 1406622 relates to a novel class of DPP-IV inhibitors. It includes 

pharmaceutically acceptable salts and pro-drugs, which are useful as 

therapeutic compounds, particularly in the treatment of type-2 diabetes.  It is 

stated that EP 1406622 discloses the following structure: 
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When the following substitutions are made such as Ar can be selected 

from the group consisting of: 

I. phenyl; 

II. napthyl; 

III. thienyl; and 

IV. bezothiophenyl 
 

 

and X is selected from the group consisting of CH2, O, and NR7, and  

 

83. It is, thus, contended that similar structure would be obtained and it 

would be obvious to a person skilled in the art to develop DPP-IV inhibitor 

as claimed in the suit patent.  DW2 Prof. Nangia analyzed the aforesaid 

357



CS (OS) 586/2013                                                                                                               Page 92 of 133 
 

document in his affidavit and concluded in para 22 that based on the 

aforesaid prior art documents, there is sufficient disclosure available and 

known to a person skilled in the art before the priority date of the suit patent 

to work with beta-amino acyl derivatives that contain fused hetrocyclic ring 

for developing DPP-IV inhibitors.  It is contended that Prof. Nangia has not 

been cross-examined on this point, thus, his statement to the above effect is 

deemed admitted.  

84. Learned counsel for the plaintiff has contended that EP 1406622 is 

not a prior art as it was published on 3rd January 2003, that is, after the 

priority date of the suit patent.  In the counter claim, a comparison of the 

structures of the Markush claim of the suit patent was carried out with 

respect to EP 1406622 only. No material facts have been pleaded in the 

counterclaim in relation to the relevance of WO 01/34594 in respect of 

obviousness analyses.  In the replication, EP 140662 was dropped by the 

defendant and DW2 has led no evidence in relation thereto.  The approach 

adopted by the defendant in relation to obviousness with respect to the three 

irrelevant prior art documents can be depicted as follows: 
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85.  It is further contended that defendant has used Sitagliptin molecule as 

the blue prints to identify the prior art documents. Firstly, the Defendant has 

identified WO ‗594 document and arrived at the hypothetical patch compound I. 

Further having realized the missing parts in the hypothetical patch compound, 

the Defendant went hop-scotchsearching for documents to fill in the missing 

gaps as follows:- 
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86. In the hypothetical compound patch I created from WO ‗594, 

defendant admits that ―triazolo is missing‖ which is present in the Markush 

structure of the suit patent and Sitagliptin that has a triazolo pyrazine core-

structure; to fill this gap, defendant jumps to JP 2000/319278 without any 

logic, reasoning or by leading evidence and selected the formula 1-H1 from 

the nine disclosed Markush structures. Even after selecting formula 1-H1, 

defendant has ignored the other substituent‘s on the triazolo pyrazine ring 

and retained (CF3). Defendant further modified the aromatic ring to the 

aliphatic ring. Thus, defendant has failed to provide any reasoning as to why 

would POSA would arrive at hypothetical patch compound II and then 
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modify the hypothetical patch I using JP 2000/319278. Defendant then drops 

the pyrazine ring from Patch I compound and joins the unsaturated 

triazolopyrazine structure from Hypothetical patch II compound to arrive at 

the hypothetical suit patent compounds. Even this resulted hypothetical 

compound after fusion/ mosaicing is not the same as Markush structure of 

suit patent and Sitagliptin as the nature and position of the substituents is not 

contemplated.  

87. Further contention is that credibility of DW2 on the issue of 

obviousness is suspicious, inasmuch as, in response to question no. 79 DW2 

admitted that JP 2000/319278 does not relate to DPP-IV inhibitors. In 

response to question 74-78, DW2 admitted that the word ‗diabetes‘, as stated 

in JP 2000/319278, was not emboldened in the Japanese version but was 

emboldened in its English translation by the defendant.  In response to 

question nos. 86-96, he has stated that he was unaware of books known to 

POSA in the area of medicinal chemistry.  In answer to question nos. 72-73, 

he has admitted that the prior art search conducted by him and Glenmark 

was based on hindsight by admitting to the fact that the background of his 

search object were the documents provided in para 4 of his affidavit which 

includes the suit patent.  The suit patent governs the field of medicinal 
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chemistry and pharmacology.  DW2 is neither a medicinal chemist nor has 

any experience in the drug discovery and development process which in fact 

has been admitted by him in answer to question nos. 5 and 7.  

88. Learned counsel for the plaintiff has further contended that their 

independent expert PW2, based on the written statement and counter claim 

as also replication of the defendant in in para 76 to 115 of the affidavit by 

way of evidence, has extensively deposed on the three prior art documents, 

namely, JP 2000/319278, WO 01/34594 and US 5,939,560.  PW2 has also 

deposed on EP 1406622 though it was not a prior art.  In answer to question 

182-186, PW2 has categorically deposed that a number of different types of 

compounds are covered by US 5,939,560 some of which are beta amino 

acids and some are alpha amino acid.  The concept of inhibitor design 

provided by US 5,939,560 is different from that of Sitagliptin and the 

compound of the suit patent, while the compound of US 5,939,560 are 

dimeric bind to two different active sites of DPP IV, the compound of the 

suit patent including Sitagliptin binds only one active site of DPP IV.  

Further that the compounds of US 5,939,560 bear no structural similarity to 

Sitagliptin and are the compound covered by the suit patent.  With regard to 

WO 01/34594, PW2 in answer to question 187-192 has deposed that there 
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are a number of different structures covered by WO 01/34594 with nothing 

to motivate the skilled person to arrive at the compound of the suit patent 

including Sitagliptin. PW2 categorically deposed that compound 

encompassed by structure II of WO 01/34594 would lead to so many 

possibilities that the moiety from WO 01/34594 which the defendant is 

envisioning reasonably occur if one first knew the structure of Sitagliptin 

and was through hindsight attempted to reproduce an element within 

structure of Sitagliptin. As regards JP 2000/319278 PW2, in answer to 

question 193-196, he has deposed that JP 2000/319278  is notable for its 

lack of focus on DPP IV inhibitor and focuses on effects on adhesion 

molecule, therefore, one skilled in the art searching for prior art examples 

relating to DPP IV inhibitor would never have come upon this document. 

Document was selected by the defendant only because it embodies a 

triazolopyrazine; meaning thereby it was a result of a hindsight analysis.  

Further, that even if a person skilled in the art search for 5:6 fused 

heterocyclic ring systems containing 4 nitrogen atoms, there are many such 

ring systems known.  The fact that this specific ring system was brought up 

in the absence to any analogous reference to DPP IV inhibitor is one of the 

clearest examples of hindsight analysis which indicates that the document 
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was selected based on the structure of Sitagliptin.  PW2 has concluded that 

there is no teaching in JP 2000/319278 that claimed compound would be 

useful to treat diabetes mellitus. 

89. In Grain Processing vs. American Maize,840 F.2d 902, it is held that 

―care must be taken to avoid hindsight reconstruction by using the patent in 

suit as a guide through the MAZE of prior art references in the right way so 

as to achieve the result of the claims in suit‖.  In Pfizer Inc. v. Teva 

Pharmaceuticals, (Federal Circuit 2014), it has been held that ―a patent 

challenger, however, must demonstrate the selection of a lead compound 

based on its promising useful properties, not a hindsight-driven search for 

structurally similar compounds‖. 

90. PW2, in his affidavit in para 88 to 113, after critically analyzing the 

prior art documents relied upon by the defendant, has made a categorical 

statement that suit patent was not obvious. His testimony on this point has 

remained unshattered in his cross-examination.  What PW2 has stated in 

para 88 to 113 reads as under :- 

―88. The defendant states (page 4) that the ―impugned suit 
patent is obvious in nature & thus lacks inventive step.‖ As 
well as, ―it was obvious  to a person skilled in the art to reach 
the claimed invention in light of the following prior art 
documents:‖  Defendant relies on four prior art documents: 
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WO 01/34594, JP 2000/319278, US 5,939,560, and EP 
1406622.  I completely disagree with the assertion that any of 
these documents, taken either individually or in the aggregate, 
provide any teaching at all that would point to Sitagliptin, or 
that would contain teachings that the skilled person could use 
to arrive at Sitagliptin.  I will now address the defendant‘s 
arguments with respect to these four documents. 

WO 01/34594 

89. WO 01/34594 is titled ―Dipeptidyl peptidage IV 
Inhibitors and methods of making and using dipetidyl 
peptidase IV inhibitors.  It teaches three different Core 
structures, I, II, and III, as shown below:- 

 
This nonorable court will immediately recognize that none of 
these structures is Sitagliptin. 

90. Under ―Detailed Description of Preferred Embodiments‖, 
WO 01/34594 states, ―Preferably, the DPP IV inhibitors are 
pyrrolidlne-based compounds, and more preferably constitute 
or include proline or proline mimetics.‖ Sitagliptin does not 
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contain either proline or a proline mimetic.  As demonstrated 
by Kim et al. (2005) [Exhibit PW2/7], it is the 2,4,5 
trifluoromethylphenyl ring of Sitagliptin that binds to the DPP-
IV active site that normally would bind to the proline residue 
of GLP-1.  The structure of proline is shown below: 

 
91. Defendant chooses only structure II from among the three 
claimed Markush structures and, considering the list of all of 
the possible atoms and groups that are specified in the patent 
for A,R, R1, X and Z, first creates ―structure IIA‖ shown 
below.  The Defendnt states on page 5 that this structure can 
be deduced from the disclosure when ―When Z is O, A is H, 
and X is NR4.‖  The defendant provides no explanation as to 
how the skilled person would know to select these particular 
moleties to be attached to structure  II of the patent in order to 
arrive at structure IIA when so many possibilities are available 
from the teaching of the patent. 

 
92. Next, the defendant takes structure IIA and transforms it 
into structure IIB, shown below.   Defendnt recites part of the 
patent specification that R and R1 can be independently 
selected from a very large group of alkyl groups, wherein any 
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of the functional groups can be substituted with one or more 
aryl, or amino groups,  and R4 is H.  Once again, the defendant 
provides no motivation or logic for these specific choices.  On 
what basis would the skilled person have made such choices?  
Obviously, the Defendant has some goal in mind, but at this 
point such goal would not be apparent to one skilled in the art 
at the priority date of IN‘816. 

 
93. Finally, the defendant chooses an ethyl group for R1 and 
attaches an aryl and amino group to it to provide structure IIC.  
Once again, the defendant offers no logic for the choice of 
these particular substituents  from among the many 
possibilities offered by the teaching of the patent.  Now, 
however, we can see that the defendant is trying to create a 
molecule that has some similarity to a portion of Sitagliptin.  
Obviously, moving in this direction with the selections that 
lead finally to structure IIC can be achieved only if one know 
the structure of Sitagliptin beforehand, i.e. through hindsight.  
Essentially, the defendant is saying, ―I know the structure of 
Sitagliptin, so what can I find in the prior art that will allow 
me to select bits and pleces to create a molecule that resembles 
Sitagliptin?‖   
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94. Defendant state that ―the only different between the 
compounds claimed in the impugned suit patent and WO 594 
is that the claimed compound has one additional functional 
group which is a pyrazole ring with a trifluoromethyl 
substitution.‖  The absence of the pyrazole ring, however, is a 
serious one, and without it the skilled person will never get to 
Sitagliptin.  Defendant also forgets to remind us that the aryl 
group is a phenyl ring substituted with fluorine atoms at the 2, 
4, and 5 positions.  The defendant‘s reasoning is baseless, and 
no skilled person would have any rational basis to make these 
choices. 

95. To conclude, the defendant states,  ―Thus, based on WO 
594, it would be obvious to a person skilled in the art to develp 
a DPP-IV inhibitor as claimed in the impugned suit patent for 
treatment of diabetes.‖  These leaps of faith, and absence of 
any rationale in going from II to IIA, then to IIB, and then to 
IIC and concluding that IIC only needs a couple of additional 
modifications, are completely nonobvious, and I am confident 
that no person skilled in the art could or would be able made 
these astonishing leaps as of the priority date of the IN816 
patent.  It is very cleary evident that such ―reasoning‖ can only 
be accomplished if one knows beforehand the chemical 
structure of Sitagliptin.  

JP2000/319278 

96. JP 2000/319278 is a Japanese patent titled 
―CONDENSED PYRANZINE COMPUND AND 
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MEDICINAL AGENT HAVING THE SAME AS ACTIVE 
INGREDIENT.  This patent is directed toward discovery of a 
new compound ―..having inhibitory action against the 
expression of adhesive molecule, and useful for the therapy 
and/or prophylactic of various inflammatory diseases, 
rheumatoid arthritis, allergy, bronchial asthma, atopic 
dermatitis and the like.‖ 

97. At the very outset it must be emphasized that this patent 
has absolutely no relationship to GPP-IV inhibitors, nor do the 
inventors make any such claim in the patent specification.  
Thus, the very first question that must be asked is why one 
skilled in the art, and searching for novel GP-IV inhibitors as 
of the priority date, would even have found or considered this 
publication?  The answer of course, is that when using 
hindsight, the defendant realizes that this patent contains at its 
core an imidazopyrazine moiety, shown below as (I): 

 

(I) 

98. Defendant states on page 7, that ―It would have been 
obvious to a person ordinarily skilled in the art to combine the 
teaching of WO 01/34594 and JP 2000-319278 to arrive at 
Sitagliptin as allegedly claimed in the impugned patent IN 
209816.‖  I completely disagree with this assertion.  As I 
stated in 88 above, JP 2000-319278 has absolutely no 
relevance to DPP-IV inhibitors, the subject of IN‘816.  Thus, 
there would have been no motivation for one skilled in the art 
to seek out the JP 2000-319278  patent, and no motivation to 
somehow connect it with WO 01/34594 as two patents claim 
completely different types of biological activity.   The only 
way that the defendant could possibly have found JP 2000-
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319278 is by searching the scientific literature seeking any 
kind of molecule with an Imldazopyrazine moiety and the only 
way that culd be done is most clearly through hindsight. 

99. The defendant now creates a scheme in an attempt to 
show how the combination of WO 01/34594 and JP 2000-
319278 leads one to envision Sitagliptin.  In particular, on 
page 7 of the replication to counterclaim, defendant presents 
the following scheme: 

 
100. As I have discussed above in paragraphs 81 through 87, 
the defendant‘s  so-called ―part A‖ Sitagliptin was crafted by 
selectively choosing among the possible substituents listed in 
WO 01/34594 and placing them on one of the three core 
structures claimed in that patent, with no evident rationale or 
explanation.  The defendant offers no reasoning to show how 
or why the skilled person would reach the structure of ―Part 
A‖, and it is clearly evident that the selection of pleces used to 
construct  ―Part A‖ from among the many possibilities listed in 
the patent was driven by foreknowledge of the sturctue of 
Sitagliptin, i.e. hindsight. 

101. The defendant has selected ―Part B‖ from JP 2000-
319278.  But in fact, none of the compounds listed as 
examples in tables 2 though 32 of  that patent bears any 
resemblance to Sitagliptin.  Most of the compounds given as 
examples in this patent contain three fused heterocyclic rings 
and not two as are present in Sitagliptin.   
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102. In those examples where only a bicyclic imidazopyrazine 
ring system is present in JP 2000-319278, the pyrazine ring is 
not reduced as is the case in Sitagliptin, and the core structure 
has substituents attached at completely different locations from 
Sitagliptin, as for example illustrated in Table 28 from that 
patent, shown below. 

 
103. As can be seen, none of the claimed examples from this 
patent resemble Sitagliptin to any significant degree.  They do 
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not possess a single reduced fused pyridazine as in Sitagliptin, 
but rather have a fused pyrazine ring with appended groups at 
positions completely different from those in Sitagliptin.  

104. Although the defendant has shown only the core structure 
of one of the many possibilities taught in JP 2000-319278, it is 
instructive to see Sitagliptin compared side-by-side with one 
of the complete structure from this patent, as below: 

 
105. It is readily evident that the two molecules have very 
little in common when complete structures are compared.  It is 
worth pointing out here that the biological activity of a 
molecule and its utility as a medicine is completely dependent 
on the structure as a whole.  That is, each part of the molecule 
makes some contribution to the overall biological effect.  
Therefore, the contribution of the bicyclic 
tetrahydroimidazo[1,2-a] pyrazine ring system in Sitagliptin  
must play a very different role than does the imidazopyrzine 
ring system in the compounds of JP 2000-319278 and they 
cannot be seen to have parallel importance. 

US 5,939,560 

106. US 5,939,560 is US patent titled ―INHIBIOTRS OF DP-
MEDIATED PROCESSES, COMPOSITIONS AND 
THERAPEUTIC METHODS THEREOF.  Markush formulas 
taught in this patent include several core structure, illustrated 
below:- 
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107. At the outset it will be noticed that none of these 
structures resemble in any way the structure of Sitagliptin.  By 
carefully selecting from among the numerous substituents that 
are enumerated in the patent specification, however, the 
defendant arrives at the following structure : 

 
108. Because this structure can be considered to be a beta-
amino derivative, and because the impugned suit patent 
contains the phrase ―Beta-Amino‖ in its title, the defendant 
therefore asserts that ―....It would have been obvious to a 
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person skilled in the art to reach the impugned suit patent by 
working in the same filed‖.  I completely disagree.  There is no 
teaching in the US 5,939,560 patent that would lead the skilled 
person to arrive at Sitagliptin.  Certainly, this patent teaches 
particular substituted beta-amino substituted molecule, but in 
fact there an infinite number of structures that one could create 
that contain a beta-amino moiety. 

109. There is no example in the US 5,939,560 patent that is 
even close to the structure of Sitagliptin, and the vast majority 
of structures and examples taught in this patent have a five-
membered pyrrolidine moety and not a piperazine.  Examples 
2 and 4 are illustrative of the teaching in US 5,939,560. 

 
110. The Defendant takes the proposed analogy no further, 
apparently believing that the US 5,939,560 disclosure of DPP-
IV inhibitors possessing a ―beta-amino‖ function somehow 
renders the structure of Sitagliptin obvious to one skilled in the 
art.  As I have discussed with respect to each of the 
defendant‘s claims regarding prior art documents, such a 
conclusion is an unwarranted leap of imagination, with no 
logic or reasoning to arrive there. 

111. I have previously addressed Defendant‘s claim that 
EP1406622 renders IN‘816 obvious, and my arguments are 
presented in paragraphs 69-78 above as a response to the same 
assertion in Defendant‘s Counterclaim. 
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CONCLUSION 

112. In conclusion, none of the ―prior art‖documents cited by 
the Defendant, taken separately, or in the aggregate, would 
provide any motivation to the skilled person to envision 
Sitaglptin.  As I have shown with respect to each prior art 
document, the defendant has ―cherry picked‖ both core 
structures and attached substituents so as to arrive at structures 
that resemble to some extent Sitagliptin.  In every case, the 
number of possible substituents taught in any of the documents 
that would lead to the structures proposed by the Defendant.  
In my opinion, it is completely impossible that any person 
skilled in the art could have arrived at Sitagliptin based on any 
prior art documents.  

113. None of the cited prior art documents lists the exact 
structural pieces that can be combined or attached to any of the 
core structures in order to arrive at Sitagliptin and the 
Defendant admits as much by stating that the fragments they 
have crafted in their arguments will have to be combined, as 
illustrated for example in paragraph 91 above.  Yet the 
Defendant never tells us what will motivate the skilled person 
to carry out this combining of substituents and fragments.  In 
fact, the only obvious motivation could be knowledge of the   
structure of Sitagliptin beforehand, which clearly derives 
only from hindsight.   

    

91. The above statement of PW2 has remained unshaken in his cross-

examination.  He stated that from the teachings prescribed in US 560, the 

structure claimed bore no structural similarity to Sitagliptin, inasmuch as, 

component of claimed compound bear no similarity to Sitagliptin.  Concept 

of inhibitor design prosecuted was related to dynamic structure that would 

bind to two different active salts of DPP-IV, a concept that was not related 
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to DPP-IV inhibition by Sitagliptin, which is a single molecule that would 

bind only one active salt of DPP-IV.  Similarly, in his answer in respect of 

WO 01/34594, though he admitted that it relates to DPP-IV inhibitor.  

However, he stated that all of the possibilities embodied in Markush 

structure II in WO 01/34594 would lead to so many possibilities that 

structure IIC at para 93 of his affidavit could only reasonably occur if one 

first know the structure of Sitagliptin, and was, through hindsight, 

attempting to reproduce an element within the structure of Sitagliptin.  As 

regards JP 200319278, he has stated that it lacked focus on DPP-IV 

inhibitor.   It related to effects on adhesion molecule. He stated that one 

skilled in the art searching for prior art examples relating to DPP-IV 

inhibitors would never have come up on this document.  This document was 

selected only because it embodies a triazolopyrazine meaning thereby it 

resulted from a hindsight analysis.   

92. DW2 in his affidavit from para 17 to 22 has deposed on the issue of 

obviousness as under: 

17. I will now answer the aforesaid question/issue number. I am 
aware that for the purposes of gauging obviousness, the knowledge 
and teachings available in the prior art as of the priority date are to be 
considered, which in the present case is July 6, 2001.  WO 01/34594 
(hereinafter referred as ―WO 594‖) titled as DIPEPTIDYL 
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PEPTIDASE IV INHIBITORS AND METHODS OF MAKING 
AND USING DIPEPTIDYL PEPTIDASE IV INHIBITORS discloses 
and teaches inter alia various substituted amino compounds of 
structure I to IV.  Structure II specifically discloses DPP IV inhibitors 
having the following core structure.  

 
In the aforesaid Markush structure, when X is NR4 (R4 is heteroaryl 
group), Z is O, A is H, R is H and R is C1  to C9  straight chain alky 
substituted with one or more functional group including aryl and 
amino (NH2 ), then compounds that have the following general 
structure are obtained.   

 
18. Further, JP 2000/319278 (hereinafter referred as ―JP 278‖) 
titled as CONDENSED PYRAZINE COMPUNDS AND 
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MEDICINAL AGENT HAVING THE SAME AS ACTIVE 
INGREDIENT discloses and teached certain compounds that are also 
capable of having effect against diabetes mellitus.  JP ‗278 discloses 
the following as structure I-H1. 

 
Thus, JP ‗278 disclosed and taught use of fused heterocyclic ring 
structure compounds for treatment of diabetes. 

19. As a result, on the basis of the teachings of WO‘ 594 read in the 
background of jp ‗ 278, it would be obvious to a person skilled in the 
art to develop compounds that can be used for treatment of diabetes 
having the following structure.  

 
The above structure is the same as the markush structure disclosed in 
claim 1 of In 209816 i.e. beta-amino acyl derivatives which act as 
DPP-IV inhibitors.  In fact, in the suit patent itself, the inventors have 
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combined beta-amino acid (II) and terahydrotriazolopyrazine (III) by 
using standard peptide coupling conditions to reach the Markush 
structure I. 

 
20. US 5,939560 (hereinafter referred as ― US ‗560‖) titled 
INHIBITORS OF DP-MEDIATED PROCESSES, COMPOSITIONS 
AND THERAPEUTIC METHODS THEREOF discloses alpha and 
beta amino acyl compounds that can be used as DPP-IV inhibitors.  
US ‗560 specifically discloses and claims in claim 1 the following 
core structure: 

 
21. Claim 1 of the US ‗ 560 further discloses that various 
substitutions can be made at different positions (n, m, X, A, Y and R) 
of the Markush structure to develop compounds that would be useful 
in the treatment of diabetes.  When the following substitutions are 
made i.e. n is 2, m is 1, X is NH, A is beta amino acyl group, Y is N 
and R is, inter alia the following compound is obtained: 
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Thus, the concept of use of beta-amino acyl derivatives as DPP-IV 
inhibitors was know in the prior art and in fact it would have been 
known to a person skilled in the art that the aforesaid core-structure 
possesses DPP-IV inhibition activity.  

22. As a result, based on the aforesaid prior art documents, I say 
that there was sufficient disclosure available and known to a person 
skilled in the art before the priority date of IN 209816, to work with 
beta-amino acyl derivatives that contain fused hetrocyclic ring for 
developing DPP-IV inhibitors.  Thus, claim 1 of IN 209816 is obvious 
to a person skilled in the art and all the remaining being dependent 
claims are rendered obvious. 

 

93. Onus to prove that invention in the suit patent was obvious to a person 

skilled in the art was on the defendant, which, in my view, defendant has 

failed to discharge by leading a positive evidence on record.  Mere 

comparison of chemical structure is not sufficient, inasmuch as, picking up 

parts of chemical structures of different patents and clubbing them will also 

not be sufficient, as it appears to have been done, keeping in mind the 

molecule structure of the suit patent, as a hindsight analysis.  A direct 
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question was put to DW2 that the methodology followed by him was 

typically referred to as hindsight analysis and is a prohibited methodology in 

patent law to which he answered thus : ―I have no comments‖.  He has not 

denied this suggestion.  Instead has given a vague answer which is deemed 

admission on this point. Hindsight analysis is not permissible.  Even 

otherwise, not much reliance can be placed on this witness, for the reasons 

already discussed in earlier paragraphs.  Above all, PW4 inventor of the suit 

patent, was not confronted with these prior arts nor was any question put to 

her that, in view of the patent‘s cited, invention was obvious.  Furthermore,  

PW2, for the detailed reasons, has categorically stated that suit patent was 

not obvious to a person skilled in the art.  This contention of defendant is, 

thus,  rejected.   

Lack of industrial applicability  

94. Learned senior counsel for the defendant has contended that suit 

patent lacks basic patent requirement, that is, industrial applicability and is 

liable to be revoked under Section 64(1)(g) of the Act.  Defendant has 

contended that suit patent is limited to Sitagliptin Hydrochloride as 

exemplified in example 7. Suit patent even did not disclose Sitagliptin Free 

Base. The assertion that Sitagliptin and its pharmaceuticals acceptable salts, 
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as disclosed in the suit patent, cover Sitagliptin Phosphate Monohydrate is 

absurd.  Only Sitagliptin Phosphate Monohydrate is commercially viable. 

Sitagliptin Free Base was not being manufactured on commercial scales in 

pharmaceuticals industries, inasmuch as, Sitagliptin Free Base or Sitagliptin 

Hydrochloride is incapable of being administered as finished 

formulations/medicinal products to patients as they are unstable in nature.  

Plaintiffs are selling Sitagliptin Phosphate Monohydrate and not the 

Sitagliptin Free Base or Hydrochloride. This itself shows that suit patent has 

no commercial utility.  The purpose of granting patent is not for protection 

of mere ideas but for protection of actual innovative products, which can be 

used on commercial scale in the relevant industry. Sitagliptin Free Base or 

Sitagliptin Hydrochloride cannot be administered as a medicinal product and 

cannot be launched as a marketable product, inasmuch as, there is no 

industrial application associated with the same so as to establish that 

Sitagliptin Free Base was having therapeutic use towards inhibition of DPP-

IV. Reliance has been placed on F. Hoffman-La Roche Ltd and Anr. v. 

Cipla Ltd 2009 (40) PTC 125 (Del.) (DB) wherein in para 33, it has been 

held thus: ―it is hard to imagine that therapeutic efficacy of a pharmaceutical 

product could be tested without it even being able to be administered to a 
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sample population‖.   It is further submitted that suit patent does not result in 

any ‗product‘. 

95. Section 2(1)(j) of the Act defines ―invention‖ as a new product or 

process involving an inventive step and capable of industrial application.  As 

per section 2(1)(ac) ‗capable of industrial application‘ in relation to an 

invention, means that the invention is capable of being made or used in an 

industry.   

96.  Section 83 of the Act reads as under :- 

“Section 83: General principles applicable to working of 
patented inventions- 

Without prejudice to the other provisions contained in this Act, 
in exercising the powers conferred by this Chapter, regard shall 
be had to the following general considerations, namely;— 

a. that patents are granted to encourage inventions and to secure 
that the inventions are worked in India on a commercial scale 
and to the fullest extent that is reasonably practicable without 
undue delay; 

b. that they are not granted merely to enable patentees to enjoy a 
monopoly for the importation of the patented article; 

c. that the protection and enforcement of patent rights contribute 
to the promotion of technological innovation and to the transfer 
and dissemination of technology, to the mutual advantage of 
producers and users of technological knowledge and in a 
manner conducive to social and economic welfare, and to a 
balance of rights and obligations; 
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d. that patents granted do not impede protection of public health 
and nutrition and should act as instrument to promote public 
interest specially in sectors of vital importance for socio-
economic and technological development of India; 

e. that patents granted do not in any way prohibit Central 
Government in taking measures to protect public health; 

f. that the patent right is not abused by the patentee or person 
deriving title or interest on patent from the patentee, and the 
patentee or a person deriving title or interest on patent from the 
patentee does not resort to practices which unreasonably 
restrain trade or adversely affect the international transfer of 
technology; and 

g. that patents are granted to make the benefit of the patented 
invention available at reasonably affordable prices to the 
public.‖ 

(emphasis added)    

 

97. What can be deduced from the legal provisions quoted hereinabove is 

that invention in a patent shall provide a new product or process being 

capable of industrial application, that is, the invention is capable of being 

made or used in an industry.  Such invention shall benefit the public and 

should be affordable.   ‗Product‘ has not been defined in the Act, therefore, 

its definition has to be looked elsewhere. As per WEBSTERS 

DICTIONARY product means ―something produced, esp., something grown 

or manufactured, the number obtained by multiplying numbers together.  

(Chem) a new compound formed as a result of chemical change‖.  As per 
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MERRIAM WEBSTER, medical definition of product means ―a substance 

produced from one or more other substances as a result of chemical change‖.  

As per BLACKS LAW DICTIONARY: ―with reference to property, term 

refers to producing; yields; income; receipts; return.  Goods produced or 

manufactured, either by natural means, by hand or with tools, machinery, 

chemicals, or like.  Something produced by physical labour or intellectual 

efforts or something produced naturally or as a result of natural process as 

by generation or growth‖.  Thus, in my view, compound formed or a 

substances produced in terms of the suit patent will be a product.  As regards 

clinical trials PW4, in answer to question no. 102, has deposed that ―in fact 

initial clinical studies were done with a dry powder form of Sitagliptin in a 

capsule with no added excipients‖.  This answer indicates that Sitagliptin 

Free Base was put to clinical trials.     

98. While answering the issue of infringement, it has already been held 

that suit patent discloses Sitagliptin Free Base, inasmuch as, Sitagliptin 

Phosphate Monohydrate is generically covered in the suit patent.  It is the 

Sitagliptin which has therapeutic utility; whereas Sitagliptin Phosphate 

Monohydrate has advantage over the Sitagliptin Free Base that it has got 

better physical and chemical characteristics so as to make it in tablet forms.  
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Sufficient literature has been placed on record to indicate that it is the 

Sitagliptin which is the DPP-IV inhibitor, inasmuch as, PW2 has also 

deposed that salt has no use inhibiting the DPP-IV.  Indian Pharmacopoeia, 

a Government of Indian publication, also refers to Sitagliptin 100 mg as 

DPP-IV inhibitor.  At the time when patent is granted it is not necessary that 

product is under manufacturing process.  At that stage, invention as 

disclosed if made use of commercially subsequently is sufficient.  It cannot 

be said that suit patent was/is not fit for industrial application or is not 

commercially viable.  In fact, the drugs of the plaintiffs have been 

successfully working for inhibiting the DPP-IV and are used in treating type 

II diabetes, inasmuch as, defendant itself is manufacturing, marketing and 

selling Sitagliptin Phosphate Monohydrate of which Sitagliptin forms the 

bulk component and further that dosage of Sitagliptin 100 mg, 50 mg and 25 

mg respectively have been prescribed for inhibiting the DPP-IV enzyme.  I 

do not find much force in the contention of learned senior counsel that suit 

patent lacks industrial applicability.  

Lack of sufficient disclosure and broad claiming 

99. Learned senior counsel for the defendant has next contended that suit 

patent discloses Markush structure, which covers billions of compounds 
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having DPP-IV inhibitory activity. Suit patent discloses billions of 

compounds with 76 pharmaceutically acceptable salts, without even 

indicating or teaching that such salts would even exist or not.  Such billions 

of compounds and their salts, as covered under the suit patent, can be used 

against treatment of 34 diseases.  All such billions of compounds, as covered 

under suit patent, can be prepared as per the general teachings contained in 

schemes 1-6.  Suit patent does not provide any specific reaction condition 

for the preparation of various compounds.  Scheme 6 of the suit patent 

teaches preparation of salt and not the ‗Free Base‘.  Suit patent discloses 

only 33 examples and all are either mono or di-hydrochloride salts.  

Example 7 of the suit patent discloses preparation of Sitagliptin 

Hydrochloride.  Suit patent provides merely a range of IC50 value as 

opposed to specific data for individual compounds. In fact, specific data 

related to even the 33 compounds, that have been exemplified in the suit 

patent, is not given.  Suit patent does not provide any characterization data 

of either Sitagliptin Phosphate Monohydrate or of Sitagliptin Free Base. 

Further, at the date of priority of the suit patent, claim 19 as it stands today 

was not present in the provisional specification as the same was added only 

after filing of the Sitagliptin Phosphate Monohydrate patent application.  
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Reliance has been placed on Teva Canada v. Pfizer Canada- 2012 SCC 60, 

wherein, in the context of insufficient of disclosure, Supreme Court has held 

as under :-  

―2……… The patent application did not satisfy the disclosure 
requirements set out in the Patent Act, R.S.C. 1985, c. P‑4  
(―Act ‖).  The patent system is based on a ―bargain‖: the 
inventor is granted exclusive rights in a new and useful 
invention for a limited period in exchange for disclosure of the 
invention so that society can benefit from this knowledge.  
Sufficiency of disclosure lies at the very heart of the patent 
system, so adequate disclosure in the specification is a 
precondition for the granting of a patent………… 

The Act requires that the court consider the specification as a 
whole, which includes the claims and the disclosure, from the 
perspective of a person skilled in the art to determine whether 
the patent meets the disclosure requirements……… 

In this case, the disclosure in the specification would not have 
enabled the public ―to make the same successful use of the 
invention as the inventor could at the time of his application‖ 
because it does not indicate that sildenafil is the effective 
compound.  Considering the specification as a whole, the use of 
sildenafil and the other compounds for the treatment of ED 
comprise one inventive concept.  Even though a skilled reader 
will know that, when a patent contains cascading claims, the 
useful claim will usually be at the end concerning an individual 
compound, the claims in the patent ended with two individually 
claimed compounds.  There was no basis for a skilled person to 
determine which of Claim 6 and Claim 7 contained the useful 
compound, further testing would have been required to 
determine which of those two compounds was actually effective 
in treating ED. 

Although s. 27 does not specify a remedy for insufficient 
disclosure, the quid pro quo underpinning the Act leads to the 
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conclusion that deeming the patent invalid is the logical 
consequence of a failure to properly disclose the invention and 
how it works.  If there is no quid — proper disclosure — then 
there can be no quo — exclusive monopoly rights.  Even if s. 
53 was not raised and its requirements were not met, this does 
not mean that the disclosure was adequate for the purposes of s. 
27(3) .  These provisions can be independent of each other. 

There is no question that sildenafil‘s utility had been 
demonstrated as of the time of filing of the patent application.  
This takes the invention out of the realm of sound prediction.  
As to the delay of 13 years between the filing of the patent and 
the challenge, the relevant question is whether the disclosure 
was sufficient as of the date of filing, so the delay is 
inconsequential……………‖ 

(Emphasis added) 

100. Learned counsel for the plaintiff has contended that Markush claims 

are well recognized and are common for pharmaceutical inventions. 

Markush format allows inventors of new chemical entities to cover 100‘s of 

closely related compounds which share at least one common trait and a 

common structure.  Markush claims are not alien to Indian Patent Law and 

are acceptable both in law and practice. Even defendant and their 

independent expert (DW2) have applied for Markush claims.  Ex.DW-1/P 

covers 9.5 billion compounds. It also provides general scheme of 

manufacturing and covers multiple diseases and conditions. It does not 

exemplify all compounds that are covered within the scope of the patent, 

inasmuch as, provide all general list of possible salts.  Ex. DW 1/25 covers 
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39 billion compounds out of which only one compound claim is Oglemistal. 

No compound covering general list of salt is provided therein.  Ex. DW2/P2 

claims a Markush structure which covers nearly 268 trillion compounds. 

General scheme of manufacturing was provided in the said patent, inasmuch 

as, enhanced salts were claimed.  Various types of cancers were mentioned 

and claimed to be treated with the compound, as envisaged in the patent.  

PW4, in answer to question no. 96, has stated that billions of compounds 

may seem as a very large number but chemical space is infinite.  It is further 

stated that inspite of the claims of the suit patent being Markush, each and 

every compound claimed is novel, enabled and sufficiently described by the 

complete specification. 

101. PW4, in her cross-examination, has deposed that the title of suit 

patent clearly indicates that the compound is for treatment of diabetes and 

diabetes is provided as an indication on internal page 14 and 24 of the suit 

patent.  The structures and the preparations were disclosed in schemes 1-6 

and examples 1-33 were provided to illustrate how the invention was 

reduced to practice. The forms that the compound might take, for example 

pharmaceutically acceptable salts etc are disclosed in the specification.  

Formulations and pharmaceutical compositions of the compound claims and 
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the oral route of administration have also been disclosed, inasmuch as, the 

dosages, that is, 25 mg, 50 mg and 100mg, which are the marketed dosage 

of Sitagliptin, have also been disclosed.  IC 50 was provided as a range to 

show that the compound inhibits the enzyme DPP IV and, thus, had desired 

pharmacological effect. 

102. I have considered the rival contentions of the parties. All the patent 

documents contain similar information and the suit patent is no different 

than the other patent documents placed on record, including that of 

defendant.  Even the patent of defendant and that of Laurus Labs Private 

Limited of which DW2 is co-inventor, all contain compounds flowing from 

Markush structure, but the fact remains that claims have been specifically 

mentioned in the suit patent more particularly claim no. 19 which is 

Sitagliptin with its pharmaceutically accepted salts.  IC 50 value has been 

given.  It has also disclosed in the suit patent that the invention was meant 

for inhibiting DPP-IV enzyme and was helpful for treating type II diabetes.  

Examples as well as schemes have also mentioned.  The disclosure in the 

suit patent is not for a lay person but is addressed to a person of ordinary 

skill in the art.  It may further be noted that defendant itself has been 

successful in making Sitagliptin Phosphate Monohydrate, thus, it cannot be 
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said that suit patent is too wide and broad, inasmuch as, defendant itself has 

acknowledged in its patents, as discussed above, that Sitagliptin with 

pharmaceutically acceptable salt was disclosed in US patent of plaintiffs, 

which is equivalent to suit patent.  Defendant cannot be permitted to blow 

hot and cold in the same breath.  In my view, the patent cannot be revoked 

on this ground of ‗insufficiently‘. 

103. Section 8 of the Act reads as under :- 

―8. Information and undertaking regarding foreign 
applications.— 

(1) Where an applicant for a patent under this Act is 
prosecuting either alone or jointly with any other person an 
application for a patent in any country outside India in respect 
of the same or substantially the same invention, or where to his 
knowledge such an application is being prosecuted by some 
person through whom he claims or by some person deriving 
title from him, he shall file along with his application or 
subsequently within the prescribed period as the Controller may 
allow—  

(a) a statement setting out detailed particulars of such 
application; and  

(b) an undertaking that, up to the date of grant of patent in 
India, he would keep the Controller informed in writing, from 
time to time, of detailed particulars as required under clause (a) 
in respect of every other application relating to the same or 
substantially the same invention, if any, filed in any country 
outside India subsequently to the filing of the statement referred 
to in the aforesaid clause, within the prescribed time.  
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(2) At any time after an application for patent is filed in India 
and till the grant of a patent or refusal to grant of a patent made 
thereon, the Controller may also require the applicant to furnish 
details, as may be prescribed, relating to the processing of the 
application in a country outside India, and in that event the 
applicant shall furnish to the Controller information available to 
him within such period as may be prescribed.‖  

 

104. Case of the defendant is that plaintiff no.1 had not disclosed multiple 

patents both in India and other jurisdiction relating to Sitagliptin Phosphate 

Monohydrate (5948/DELNP/2005, US7326708 & EP 1654263) and 

combination of Sitagliptin Phosphate Monohydrate along with Metformin 

Hydrochloride (2710/CHENP/2008, US 841492 & EP 1962827) to the 

patent office, during the prosecution of the suit patent, thus, plaintiff is 

guilty of non compliance of Section 8(1) of the Act.  Even though, vide First 

Examination Report dated 28th July, 2006 patent office had asked the 

plaintiff no.1 to file details of patent applications filed in other jurisdiction 

along with their prosecution details but plaintiff no.1 did not disclose any of 

the subsequent applications to the patent office despite examination report of 

the patent office.  Defendant‘s plea is that section 8 is mandatory and non-

compliance thereof mandates revocation of suit patent under section 64(1)(j) 

of the Act.  

105. Section 64 of the Act reads as under :- 
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―(1) Subject to the provisions contained in this Act, a patent, 
whether granted before or after the commencement of this Act, 
may, be revoked on a petition of any person interested or of the 
Central Government by the Appellate Board or on a counter-
claim in a suit for infringement of the patent by the High Court 
on any of the following grounds, that is to say— 

(a) that the invention, so far as claimed in any claim of the 
complete specification, was claimed in a valid claim of earlier 
priority date contained in the complete specification of another 
patent granted in India; 

(b) that the patent was granted on the application of a person 
not entitled under the provisions of this Act to apply therefor: 

(c) that the patent was obtained wrongfully in contravention of 
the rights of the petitioner or any person under or through 
whom he claims; 

(d) that the subject of any claim of the complete specification is 
not an invention within the meaning of this Act; 

(e) that the invention so far as claimed in any claim of the 
complete specification is not new, having regard to what was 
publicly known or publicly used in India before the priority 
date of the claim or to what was published in India or elsewhere 
in any of the, documents referred to in section 13: 

(f) that the invention so far as claimed in any claim of the 
complete specification is obvious or does not involve any 
inventive step, having regard to what was publicly known or 
publicly used in India or what was published in India or 
elsewhere before the priority date of the claim: 

(g) that the invention, so far as claimed in any claim of the 
complete specification, is not useful; 

(h) that the complete specification does not sufficiently and 
fairly describe the invention and the method by which it is to be 
performed, that is to say, that the description of the method or 
the instructions for the working of the invention as contained in 
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the complete specification are not by themselves sufficient to 
enable a person in India possessing average skill in, and 
average knowledge of, the art to which the invention relates, to 
work the invention, or that it does not disclose the best method 
of performing it which was known to the applicant for the 
patent and for which he was entitled to claim protection; 

(i) that the scope of any claim of the complete specification is 
not sufficiently and clearly defined or that any claim of the 
complete specification is not fairly based on the matter 
disclosed in the specification; 

(j) that the patent was obtained on a false suggestion or 
representation; 

(k) that the subject of any claim of the complete specification is 
not patentable under this Act; 

(l) that the invention so far as claimed in any claim of the 
complete specification was secretly used in India, otherwise 
than as mentioned in sub-section (3), before the priority date of 
the claim; 

(m) that the applicant for the patent has failed to disclose to the 
Controller the information required by section 8 or has 
furnished information which in any material particular was false 
to his knowledge; 

(n) that the applicant contravened any direction for secrecy 
passed under section 35 or made or caused to be made an 
application for the grant of a patent outside India in 
contravention of section 39; 

(o) that leave to amend the complete specification under section 
57 or section 58 was obtained by fraud. 

(p) that the complete specification does not disclose or wrongly 
mentions the source or geographical origin of biological 
material used for the invention; 

(q) that the invention so far as claimed in any claim of the 
complete specification was anticipated having regard to the 
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knowledge, oral or otherwise, available within any local or 
indigenous community in India or elsewhere. 

(2)  For the purposes of clauses (e) and (f) of sub-section (1)— 

(a) no account shall be taken of personal document or secret 
trial or secret use; and 

(b) where the patent is for a process or for a product as made by 
a process described or claimed, the importation into India of the 
product made abroad by that process shall constitute knowledge 
or use in India of the invention on the date of the importation, 
except where such importation has been for the purpose of 
reasonable trial or experiment only. 

(3)  For the purpose of clause (1) of sub-section (1), no account 
shall be taken of any use of the invention— 

(a) for the purpose of reasonable trial or experiment only; or 

(b) by the Government or by any person authorised by the 
Government or by a Government undertaking, in consequence 
of the applicant for the patent or any person from whom he 
derives title having communicated or disclosed the invention 
directly or indirectly to the Government or person authorised as 
aforesaid or to the Government undertaking; or 

(c) by any other person, in consequence of the applicant for the 
patent or any person from whom he derives title having 
communicated or disclosed the invention, and without the 
consent or acquiescence of the applicant or of any person from 
whom he derives title. 

(4) Without prejudice to the provisions contained in sub-section 
(1), a patent may be revoked by the High Court on the petition 
of the Central Government, if the High Court is satisfied that 
the patentee has without reasonable cause failed to comply with 
the request of the Central Government to make, use or exercise 
the patented invention for the purposes of Government within 
the meaning of section 99 upon reasonable terms. 
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(5) A notice of any petition for revocation of a patent under this 
section shall be served on all persons appearing from the 
register to be proprietors of that patent or to have shares or 
interests therein and it shall not be necessary to serve a notice 
on any other person.‖ 

  

106. A perusal of aforesaid provision makes it clear that it is not mandatory 

for the court to revoke the patent merely because any of the grounds 

mentioned in Section 64(1) are made out.  It is the discretion of the court to 

revoke or not to revoke in the given facts and circumstances of a case.  The 

word ‗may‘ used in Section 64(1) of the Act makes it clear that it is the 

discretion of the Court to revoke the patent under this provision if any of the 

ground(s) stipulated therein are disclosed or made out.  Learned senior 

counsel for the defendant has contended that word ‗may ‗be read as ‗shall‘.  

However, I am not in agreement with this contention.  A Division Bench of 

this Court, vide judgment dated 7th November, 2004 passed in FAO (OS) 

16/2004 tilted Maj.(RETD.) SUKESH BHEL &ANR. V. 

KONINKLIJKE PHILLIPS ELECTRONICS, has held that the power of 

court to revoke is discretionary.   It was contended in the said case that 

having regard to the fact that section 8 is a mandatory provision and its non-

compliance is a ground for revocation of the patent under section 64(1)(m), 

the world ‗may‘ employed in section 64(1) should be construed to mean 
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imperative.  This argument has been rejected by the Division Bench.  It is 

further held that revocation would follow only if the court is of the view that 

omission to furnish the information was deliberate. No evidence has been 

led by the defendant to show that such non-disclosure of the information 

was deliberate and for malafide reasons.  Accordingly, this argument is 

rejected.  Arguments of the defendant about ‗public interest‘ does not have 

much force in the facts and circumstances of the present case.  Sitagliptin is 

not the only DPP-IV inhibitor for treatment of type II diabetes in the market 

and there are several other DPP-IV inhibitors, including the one 

manufactured and marketed by the defendant, that is, Teneligliptin.  The 

invention of plaintiffs, that is, Sitagliptin improves the efficient management 

of the condition of a patient suffering from type II diabetes by inhibiting the 

DPP-IV enzyme. Merely because defendant, who is manufacturing generic 

version, is selling a tablet at a lower price than that of plaintiffs cannot be 

made ground to decline injunction against the defendant, who has been 

found to have been infringing the invention of the plaintiffs, is as much as,  a 

competitor of the plaintiffs. 

107. In view of above discussions, the above issues are answered in favour 

of the plaintiffs and against the defendant.  
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Issue No. 12 

108. In view of the findings returned on the above referred issues 

defendant is restrained by a decree of permanent injunction from making, 

using, selling, distributing, advertising, exporting, offering for sale or 

dealing in Sitagliptin Phosphate Monohydrate or any other salt of Sitagliptin 

in any form, alone or in combination with one or more other drugs thereby 

infringing the suit patent no. 209816 of the plaintiffs.  As regards damages 

are concerned, no issue has been framed in this regard, inasmuch as, only on 

the basis of the admission by DW1 regarding total sales and the percentage 

of the profits earned by the defendant, I do not find it justifiable to quantify 

the amount of damages.  Plaintiffs shall, however, be entitled to actual costs 

of the proceedings.  Decree sheet be drawn. 

           A.K. PATHAK, J. 

OCTOBER 7, 2015 

ga 
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SPECIFICATIONS: TEST PROCEDURES AND ACCEPTANCE CRITERIA 
FOR NEW DRUG SUBSTANCES AND NEW DRUG PRODUCTS: 

CHEMICAL SUBSTANCES 
 

1. INTRODUCTION 

1.1 Objective of the Guideline 
This guideline is intended to assist to the extent possible, in the establishment of a 
single set of global specifications for new drug substances and new drug products. It 
provides guidance on the setting and justification of acceptance criteria and the 
selection of test procedures for new drug substances of synthetic chemical origin, and 
new drug products produced from them, which have not been registered previously in 
the United States, the European Union, or Japan. 

1.2 Background 
A specification is defined as a list of tests, references to analytical procedures, and 
appropriate acceptance criteria, which are numerical limits, ranges, or other criteria 
for the tests described. It establishes the set of criteria to which a drug substance or 
drug product should conform to be considered acceptable for its intended use. 
"Conformance to specifications" means that the drug substance and / or drug product, 
when tested according to the listed analytical procedures, will meet the listed 
acceptance criteria.  Specifications are critical quality standards that are proposed 
and justified by the manufacturer and approved by regulatory authorities as 
conditions of approval.  
Specifications are one part of a total control strategy for the drug substance and drug 
product designed to ensure product quality and consistency. Other parts of this 
strategy include thorough product characterization during development, upon which 
specifications are based, and adherence to Good Manufacturing Practices; e.g., 
suitable facilities, a validated manufacturing process, validated test procedure, raw 
material testing, in-process testing, stability testing, etc. 
Specifications are chosen to confirm the quality of the drug substance and drug 
product rather than to establish full characterization, and should focus on those 
characteristics found to be useful in ensuring the safety and efficacy of the drug 
substance and drug product. 

1.3 Scope of the Guideline 
The quality of drug substances and drug products is determined by their design, 
development, in-process controls, GMP controls, and process validation, and by 
specifications applied to them throughout development and manufacture. This 
guideline addresses specifications, i.e., those tests, procedures, and acceptance criteria 
which play a major role in assuring the quality of the new drug substance and new 
drug product at release and during shelf life. Specifications are an important 
component of quality assurance, but are not its only component. All of the 
considerations listed above are necessary to ensure consistent production of drug 
substances and drug products of high quality. 
This guideline addresses only the marketing approval of new drug products (including 
combination products) and, where applicable, new drug substances; it does not 
address drug substances or drug products during the clinical research stages of drug 
development.  This guideline may be applicable to synthetic and semi-synthetic 
antibiotics and synthetic peptides of low molecular weight; however, it is not sufficient 
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to adequately describe specifications of higher molecular weight peptides and 
polypeptides, and biotechnological/biological products. The ICH Guideline 
Specifications: Test Procedures and Acceptance Criteria for 
Biotechnological/Biological Products addresses guideline specifications, tests and 
procedures for biotechnological/biological products.  Radiopharmaceuticals, products 
of fermentation, oligonucleotides, herbal products and crude products of animal or 
plant origin are similarly not covered. 
Guidance is provided with regard to acceptance criteria which should be established 
for all new drug substances and new drug products, i.e. universal acceptance criteria, 
and those that are considered specific to individual drug substances and / or dosage 
forms. This guideline should not be considered all encompassing.  New analytical 
technologies, and modifications to existing technology, are continually being 
developed.  Such technologies should be used when justified. 
Dosage forms addressed in this guideline include solid oral dosage forms, liquid oral 
dosage forms, and parenterals (small and large volume). This is not meant to be an 
all-inclusive list, or to limit the number of dosage forms to which this guideline 
applies. The dosage forms presented serve as models, which may be applicable to 
other dosage forms which have not been discussed. The extended application of the 
concepts in this guideline to other dosage forms, e.g., to inhalation dosage forms 
(powders, solutions, etc.), to topical formulations (creams, ointments, gels), and to 
transdermal systems, is encouraged.  

2. GENERAL CONCEPTS 
The following concepts are important in the development and setting of harmonized 
specifications. They are not universally applicable, but each should be considered in 
particular circumstances. This guideline presents a brief definition of each concept 
and an indication of the circumstances under which it may be applicable. Generally, 
proposals to implement these concepts should be justified by the applicant and 
approved by the appropriate regulatory authority before being put into effect. 

2.1 Periodic or Skip Testing 
Periodic or skip testing is the performance of specified tests at release on pre-selected 
batches and / or at predetermined intervals, rather than on a batch-to-batch basis 
with the understanding that those batches not being tested still must meet all 
acceptance criteria established for that product. This represents a less than full 
schedule of testing and should therefore be justified and presented to and approved by 
the regulatory authority prior to implementation.  This concept may be applicable to, 
for example, residual solvents and microbiological testing, for solid oral dosage forms. 
It is recognized that only limited data may be available at the time of submission of 
an application (see section 2.5). This concept should therefore generally be 
implemented post-approval.  When tested, any failure to meet acceptance criteria 
established for the periodic test should be handled by proper notification of the 
appropriate regulatory authority(ies).  If these data demonstrate a need to restore 
routine testing, then batch by batch release testing should be reinstated. 

2.2 Release vs. Shelf-life Acceptance Criteria 
The concept of different acceptance criteria for release vs. shelf-life specifications 
applies to drug products only; it pertains to the establishment of more restrictive 
criteria for the release of a drug product than are applied to the shelf-life. Examples 
where this may be applicable include assay and impurity (degradation product) levels. 
In Japan and the United States, this concept may only be applicable to in-house 
criteria, and not to the regulatory release criteria.   Thus, in these regions, the 
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regulatory acceptance criteria are the same from release throughout shelf-life; 
however, an applicant may choose to have tighter in-house limits at the time of 
release to provide increased assurance to the applicant that the product will remain 
within the regulatory acceptance criterion throughout its shelf-life.  In the European 
Union there is a regulatory requirement for distinct specifications for release and for 
shelf-life where different. 

2.3 In-process Tests 
In-process tests, as presented in this guideline, are tests which may be performed 
during the manufacture of either the drug substance or drug product, rather than as 
part of the formal battery of tests which are conducted prior to release. 
In-process tests which are only used for the purpose of adjusting process parameters 
within an operating range, e.g., hardness and friability of tablet cores which will be 
coated and individual tablet weights, are not included in the specification. 
Certain tests conducted during the manufacturing process, where the acceptance 
criterion is identical to or tighter than the release requirement, (e.g., pH of a solution) 
may be sufficient to satisfy specification requirements when the test is included in the 
specification.  However, this approach should be validated to show that test results or 
product performance characteristics do not change from the in-process stage to 
finished product. 

2.4 Design and Development Considerations 
The experience and data accumulated during the development of a new drug 
substance or product should form the basis for the setting of specifications. It may be 
possible to propose excluding or replacing certain tests on this basis. Some examples 
are:  

• microbiological testing for drug substances and solid dosage forms which have 
been shown during development not to support microbial viability or growth 
(see Decision Trees #6 and #8); 

• extractables from product containers where it has been reproducibly shown 
that either no extractables are found in the drug product or the levels meet 
accepted standards for safety; 

• particle size testing may fall into this category, may be performed as an in-
process test, or may be performed as a release test, depending on its relevance 
to product performance; 

• dissolution testing for immediate release solid oral drug products made from 
highly water soluble drug substances may be replaced by disintegration 
testing, if these products have been demonstrated during development to have 
consistently rapid drug release characteristics (see Decision Trees #7(1) 
through #7(2)). 

2.5 Limited Data Available at Filing 
It is recognized that only a limited amount of data may be available at the time of 
filing, which can influence the process of setting acceptance criteria. As a result it 
may be necessary to propose revised acceptance criteria as additional experience is 
gained with the manufacture of a particular drug substance or drug product (example: 
acceptance limits for a specific impurity). The basis for the acceptance criteria at the 
time of filing should necessarily focus on safety and efficacy. 
When only limited data are available, the initially approved tests and acceptance 
criteria should be reviewed as more information is collected, with a view towards 
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possible modification. This could involve loosening, as well as tightening, acceptance 
criteria as appropriate. 

2.6 Parametric Release 
Parametric release can be used as an operational alternative to routine release testing 
for the drug product in certain cases when approved by the regulatory authority. 
Sterility testing for terminally sterilized drug products is one example. In this case, 
the release of each batch is based on satisfactory results from monitoring specific 
parameters, e.g., temperature, pressure, and time during the terminal sterilization 
phase(s) of drug product manufacturing. These parameters can generally be more 
accurately controlled and measured, so that they are more reliable in predicting 
sterility assurance than is end-product sterility testing.  Appropriate laboratory tests 
(e.g., chemical or physical indicator) may be included in the parametric release 
program.  It is important to note that the sterilization process should be adequately 
validated before parametric release is proposed and maintenance of a validated state 
should be demonstrated by revalidation at established intervals. When parametric 
release is performed, the attribute which is indirectly controlled (e.g., sterility), 
together with a reference to the associated test procedure, still should be included in 
the specifications. 

2.7 Alternative Procedures 
Alternative procedures are those which may be used to measure an attribute when 
such procedures control the quality of the drug substance or drug product to an extent 
that is comparable or superior to the official procedure. Example: for tablets that have 
been shown not to degrade during manufacture, it may be permissible to use a 
spectrophotometric procedure for release as opposed to the official procedure, which is 
chromatographic. However, the chromatographic procedure should still be used to 
demonstrate compliance with the acceptance criteria during the shelf-life of the 
product. 

2.8 Pharmacopoeial Tests and Acceptance Criteria 
References to certain procedures are found in pharmacopoeias in each region.  
Wherever they are appropriate, pharmacopoeial procedures should be utilized.  
Whereas differences in pharmacopoeial procedures and/or acceptance criteria have 
existed among the regions, a harmonized specification is possible only if the 
procedures and acceptance criteria defined are acceptable to regulatory authorities in 
all regions. 
The full utility of this Guideline is dependent on the successful completion of 
harmonization of pharmacopoeial procedures for several attributes commonly 
considered in the specification for new drug substances or new drug products.  The 
Pharmacopoeial Discussion Group (PDG) of the European Pharmacopoeia, the 
Japanese Pharmacopoeia, and the United States Pharmacopeia has expressed a 
commitment to achieving harmonization of the procedures in a timely fashion. 
Where harmonization has been achieved, an appropriate reference to the harmonized 
procedure and acceptance criteria is considered acceptable for a specification in all 
three regions.  For example, after harmonization sterility data generated using the JP 
procedure, as well as the JP procedure itself and its acceptance criteria, are 
considered acceptable for registration in all three regions.  To signify the harmonized 
status of these procedures, the pharmacopoeias have agreed to include a statement in 
their respective texts which indicates that the procedures and acceptance criteria 
from all three pharmacopoeias are considered equivalent and are, therefore, 
interchangeable. 
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Since the overall value of this Guideline is linked to the extent of harmonization of the 
analytical procedures and acceptance criteria of the pharmacopoeias, it is agreed by 
the members of the Q6A expert working group that none of the three pharmacopoeias 
should change a harmonized monograph unilaterally.  According to the PDG 
procedure for the revision of harmonized monographs and chapters, “no 
pharmacopoeia shall revise unilaterally any monograph or chapter after sign-off or 
after publication.” 

2.9 Evolving Technologies 
New analytical technologies, and modifications to existing technology, are continually 
being developed. Such technologies should be used when they are considered to offer 
additional assurance of quality, or are otherwise justified. 

2.10 Impact of Drug Substance on Drug Product Specifications 
In general, it should not be necessary to test the drug product for quality attributes 
uniquely associated with the drug substance. Example: it is normally not considered 
necessary to test the drug product for synthesis impurities which are controlled in the 
drug substance and are not degradation products. Refer to the ICH Guideline 
Impurities in New Drug Products for detailed information. 

2.11 Reference Standard 
A reference standard, or reference material, is a substance prepared for use as the 
standard in an assay, identification, or purity test.  It should have a quality 
appropriate to its use. It is often characterized and evaluated for its intended purpose 
by additional procedures other than those used in routine testing.  For new drug 
substance reference standards intended for use in assays, the impurities should be 
adequately identified and / or controlled, and purity should be measured by a 
quantitative procedure.  

3. GUIDELINES 

3.1 Specifications: Definition and Justification 

3.1.1 Definition of Specifications 
A specification is defined as a list of tests, references to analytical procedures, and 
appropriate acceptance criteria which are numerical limits, ranges, or other criteria 
for the tests described. It establishes the set of criteria to which a new drug substance 
or new drug product should conform to be considered acceptable for its intended use. 
"Conformance to specifications" means that the drug substance and / or drug product, 
when tested according to the listed analytical procedures, will meet the listed 
acceptance criteria. Specifications are critical quality standards that are proposed and 
justified by the manufacturer and approved by regulatory authorities as conditions of 
approval. 
It is possible that, in addition to release tests, a specification may list in-process tests 
as defined in 2.3, periodic (skip) tests, and other tests which are not always conducted 
on a batch-by-batch basis. In such cases the applicant should specify which tests are 
routinely conducted batch-by-batch, and which tests are not, with an indication and 
justification of the actual testing frequency. In this situation, the drug substance and / 
or drug product should meet the acceptance criteria if tested. 
It should be noted that changes in the specification after approval of the application 
may need prior approval by the regulatory authority. 
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3.1.2 Justification of Specifications 
When a specification is first proposed, justification should be presented for each 
procedure and each acceptance criterion included. The justification should refer to 
relevant development data, pharmacopoeial standards, test data for drug substances 
and drug products used in toxicology and clinical studies, and results from accelerated 
and long term stability studies, as appropriate. Additionally, a reasonable range of 
expected analytical and manufacturing variability should be considered. It is 
important to consider all of this information. 
Approaches other than those set forth in this guideline may be applicable and 
acceptable. The applicant should justify alternative approaches. Such justification 
should be based on data derived from the new drug substance synthesis and/or the 
new drug product manufacturing process. This justification may consider theoretical 
tolerances for a given procedure or acceptance criterion, but the actual results 
obtained should form the primary basis for whatever approach is taken. 
Test results from stability and scale-up / validation batches, with emphasis on the 
primary stability batches, should be considered in setting and justifying 
specifications. If multiple manufacturing sites are planned, it may be valuable to 
consider data from these sites in establishing the initial tests and acceptance criteria. 
This is particularly true when there is limited initial experience with the manufacture 
of the drug substance or drug product at any particular site. If data from a single 
representative manufacturing site are used in setting tests and acceptance criteria, 
product manufactured at all sites should still comply with these criteria. 
Presentation of test results in graphic format may be helpful in justifying individual 
acceptance criteria, particularly for assay values and impurity levels. Data from 
development work should be included in such a presentation, along with stability data 
available for new drug substance or new drug product batches manufactured by the 
proposed commercial processes. Justification for proposing exclusion of a test from the 
specification should be based on development data and on process validation data 
(where appropriate). 

3.2 Universal Tests / Criteria  
Implementation of the recommendations in the following section should take into 
account the ICH Guidelines “Text on Validation of Analytical Procedures” and 
“Validation of Analytical Procedures: Methodology”. 

3.2.1 New Drug Substances 
The following tests and acceptance criteria are considered generally applicable to all 
new drug substances. 
a) Description: a qualitative statement about the state (e.g. solid, liquid) and color of 
the new drug substance. If any of these characteristics change during storage, this 
change should be investigated and appropriate action taken.  
b) Identification: identification testing should optimally be able to discriminate 
between compounds of closely related structure which are likely to be present. 
Identification tests should be specific for the new drug substance, e.g., infrared 
spectroscopy. Identification solely by a single chromatographic retention time, for 
example, is not regarded as being specific.  However, the use of two chromatographic 
procedures, where the separation is based on different principles or a combination of 
tests into a single procedure, such as HPLC/UV diode array, HPLC/MS, or GC/MS is 
generally acceptable.  If the new drug substance is a salt, identification testing should 
be specific for the individual ions.  An identification test that is specific for the salt 
itself should suffice. 
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New drug substances which are optically active may also need specific identification 
testing or performance of a chiral assay.  Please refer to 3.3.1.d) in this Guideline for 
further discussion of this topic. 
c) Assay: A specific, stability-indicating procedure should be included to determine the 
content of the new drug substance. In many cases it is possible to employ the same 
procedure (e.g., HPLC) for both assay of the new drug substance and quantitation of 
impurities. 
In cases where use of a non-specific assay is justified, other supporting analytical 
procedures should be used to achieve overall specificity. For example, where titration 
is adopted to assay the drug substance, the combination of the assay and a suitable 
test for impurities should be used. 
d) Impurities: Organic and inorganic impurities and residual solvents are included in 
this category. Refer to the ICH Guidelines Impurities in New Drug Substances and 
Residual Solvents in Pharmaceuticals for detailed information.  
Decision tree #1 addresses the extrapolation of meaningful limits on impurities from 
the body of data generated during development. At the time of filing it is unlikely that 
sufficient data will be available to assess process consistency. Therefore it is 
considered inappropriate to establish acceptance criteria which tightly encompass the 
batch data at the time of filing. (see section 2.5) 

3.2.2 New Drug Products 
The following tests and acceptance criteria are considered generally applicable to all 
new drug products: 
a) Description: A qualitative description of the dosage form should be provided (e.g., 
size, shape, and color). If any of these characteristics change during manufacture or 
storage, this change should be investigated and appropriate action taken. The 
acceptance criteria should include the final acceptable appearance. If color changes 
during storage, a quantitative procedure may be appropriate. 
b) Identification: Identification testing should establish the identity of the new drug 
substance(s) in the new drug product and should be able to discriminate between 
compounds of closely related structure which are likely to be present. Identity tests 
should be specific for the new drug substance, e.g., infrared spectroscopy.  
Identification solely by a single chromatographic retention time, for example, is not 
regarded as being specific.  However, the use of two chromatographic procedures, 
where the separation is based on different principles, or combination of tests into a 
single procedure, such as HPLC/UV diode array, HPLC/MS, or GC/MS, is generally 
acceptable. 
c) Assay: A specific, stability-indicating assay to determine strength (content) should 
be included for all new drug products. In many cases it is possible to employ the same 
procedure (e.g., HPLC) for both assay of the new drug substance and quantitation of 
impurities. Results of content uniformity testing for new drug products can be used 
for quantitation of drug product strength, if the methods used for content uniformity 
are also appropriate as assays. 
In cases where use of a non-specific assay is justified, other supporting analytical 
procedures should be used to achieve overall specificity. For example, where titration 
is adopted to assay the drug substance for release, the combination of the assay and a 
suitable test for impurities can be used.   A specific procedure should be used when 
there is evidence of excipient interference with the non-specific assay.  
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d) Impurities: Organic and inorganic impurities (degradation products) and residual 
solvents are included in this category.  Refer to the ICH Guidelines Impurities in New 
Drug Products and Residual Solvents for detailed information.    
Organic impurities arising from degradation of the new drug substance and 
impurities that arise during the manufacturing process for the drug product should be 
monitored in the new drug product. Acceptance limits should be stated for individual 
specified degradation products, which may include both identified and unidentified 
degradation products as appropriate, and total degradation products. Process 
impurities from the new drug substance synthesis are normally controlled during 
drug substance testing, and therefore are not included in the total impurities limit. 
However, when a synthesis impurity is also a degradation product, its level should be 
monitored and included in the total degradation product limit.  When it has been 
conclusively demonstrated via appropriate analytical methodology, that the drug 
substance does not degrade in the specific formulation, and under the specific storage 
conditions proposed in the new drug application, degradation product testing may be 
reduced or eliminated upon approval by the regulatory authorities. 
Decision tree #2 addresses the extrapolation of meaningful limits on degradation 
products from the body of data generated during development. At the time of filing it 
is unlikely that sufficient data will be available to assess process consistency. 
Therefore it is considered inappropriate to establish acceptance criteria which tightly 
encompass the batch data at the time of filing. (see section 2.5) 

3.3 Specific Tests / Criteria 
In addition to the universal tests listed above, the following tests may be considered 
on a case by case basis for drug substances and/or drug products. Individual 
tests/criteria should be included in the specification when the tests have an impact on 
the quality of the drug substance and drug product for batch control. Tests other than 
those listed below may be needed in particular situations or as new information 
becomes available.  

3.3.1 New Drug Substances 
a) Physicochemical properties: These are properties such as pH of an aqueous solution, 
melting point / range, and refractive index. The procedures used for the measurement 
of these properties are usually unique and do not need much elaboration, e.g., 
capillary melting point, Abbé refractometry. The tests performed in this category 
should be determined by the physical nature of the new drug substance and by its 
intended use.  
b) Particle size: For some new drug substances intended for use in solid or suspension 
drug products, particle size can have a significant effect on dissolution rates, 
bioavailability, and / or stability. In such instances, testing for particle size 
distribution should be carried out using an appropriate procedure, and acceptance 
criteria should be provided. 
Decision tree #3 provides additional guidance on when particle size testing should be 
considered.  
c) Polymorphic forms: Some new drug substances exist in different crystalline forms 
which differ in their physical properties. Polymorphism may also include solvation or 
hydration products (also known as pseudopolymorphs) and amorphous forms.  
Differences in these forms could, in some cases, affect the quality or performance of 
the new drug products. In cases where differences exist which have been shown to 
affect drug product performance, bioavailability or stability, then the appropriate 
solid state should be specified.  
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Physicochemical measurements and techniques are commonly used to determine 
whether multiple forms exist.  Examples of these procedures are: melting point 
(including hot-stage microscopy), solid state IR, X-ray powder diffraction, thermal 
analysis procedures (like DSC, TGA and DTA), Raman spectroscopy, optical 
microscopy, and solid state NMR. 
Decision trees #4(1) through 4(3) provide additional guidance on when, and how, 
polymorphic forms should be monitored and controlled. 
Note: These decision trees should be followed sequentially. Trees 1 and 2 consider 
whether polymorphism is exhibited by the drug substance, and whether the different 
polymorphic forms can affect performance of the drug product. Tree 3 should only be 
applied when polymorphism has been demonstrated for the drug substance, and 
shown to affect these properties. Tree 3 considers the potential for change in 
polymorphic forms in the drug product, and whether such a change has any effect on 
product performance.  
It is generally technically very difficult to measure polymorphic changes in drug 
products. A surrogate test (e.g., dissolution) (see Decision tree 4(3)) can generally be 
used to monitor product performance, and polymorph content should only be used as a 
test and acceptance criterion of last resort. 
d) Tests for chiral new drug substances: Where a new drug substance is 
predominantly one enantiomer, the opposite enantiomer is excluded from the 
qualification and identification thresholds given in the ICH Guidelines on Impurities 
in New Drug Substances and Impurities in New Drug Products because of practical 
difficulties in quantifying it at those levels.  However, that impurity in the chiral new 
drug substance and the resulting new drug product(s) should otherwise be treated 
according to the principles established in those Guidelines. 
Decision tree #5 summarizes when and if chiral identity tests, impurity tests, and 
assays may be needed for both new drug substances and new drug products, according 
to the following concepts:  
 Drug Substance: Impurities. For chiral drug substances which are developed as a 

single enantiomer, control of the other enantiomer should be considered in the 
same manner as for other impurities. However, technical limitations may 
preclude the same limits of quantification or qualification from being applied.  
Assurance of control also could be given by appropriate testing of a starting 
material or intermediate, with suitable justification.  

 Assay. An enantioselective determination of the drug substance should be part of 
the specification. It is considered acceptable for this to be achieved either through 
use of a chiral assay procedure or by the combination of an achiral assay together 
with appropriate methods of controlling the enantiomeric impurity. 

 Identity. For a drug substance developed as a single enantiomer, the identity 
test(s) should be capable of distinguishing both enantiomers and the racemic 
mixture.  For a racemic drug substance, there are generally two situations where 
a stereospecific identity test is appropriate for release/acceptance testing: 1) 
where there is a significant possibility that the enantiomer might be substituted 
for the racemate, or 2) when there is evidence that preferential crystallization 
may lead to unintentional production of a non-racemic mixture. 

 Drug Product: Degradation products. Control of the other enantiomer in a drug 
product is considered necessary unless racemization has been shown to be 
insignificant during manufacture of the dosage form, and on storage. 
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 Assay: An achiral assay may be sufficient where racemization has been shown to 
be insignificant during manufacture of the dosage form, and on storage.  
Otherwise a chiral assay should be used, or alternatively, the combination of an 
achiral assay plus a validated procedure to control the presence of the opposite 
enantiomer may be used. 

 Identity: A stereospecific identity test is not generally needed in the drug product 
release specification.  When racemization is insignificant during manufacture of 
the dosage form, and on storage, stereospecific identity testing is more 
appropriately addressed as part of the drug substance specification.  When 
racemization in the dosage form is a concern, chiral assay or enantiomeric 
impurity testing of the drug product will serve to verify identity. 

e) Water content: This test is important in cases where the new drug substance is 
known to be hygroscopic or degraded by moisture or when the drug substance is 
known to be a stoichiometric hydrate. The acceptance criteria may be justified with 
data on the effects of hydration or moisture absorption. In some cases, a Loss on 
Drying procedure may be considered adequate; however, a detection procedure that is 
specific for water (e.g., Karl Fischer titration) is preferred. 
f) Inorganic impurities: The need for inclusion of tests and acceptance criteria for 
inorganic impurities (e.g., catalysts) should be studied during development and based 
on knowledge of the manufacturing process.  Procedures and acceptance criteria for 
sulfated ash / residue on ignition should follow pharmacopoeial precedents; other 
inorganic impurities may be determined by other appropriate procedures, e.g., atomic 
absorption spectroscopy. 
g) Microbial limits: There may be a need to specify the total count of aerobic 
microorganisms, the total count of yeasts and molds, and the absence of specific 
objectionable bacteria (e.g., Staphylococcus aureus, Escherichia coli, Salmonella, 
Pseudomonas aeruginosa). These should be suitably determined using 
pharmacopoeial procedures.  The type of microbial test(s) and acceptance criteria 
should be based on the nature of the drug substance, method of manufacture, and the 
intended use of the drug product.  For example, sterility testing may be appropriate 
for drug substances manufactured as sterile and endotoxin testing may be 
appropriate for drug substances used to formulate an injectable drug product.  
Decision tree #6 provides additional guidance on when microbial limits should be 
included. 

3.3.2 New Drug Products 
Additional tests and acceptance criteria generally should be included for particular 
new drug products. The following selection presents a representative sample of both 
the drug products and the types of tests and acceptance criteria which may be 
appropriate. The specific dosage forms addressed include solid oral drug products, 
liquid oral drug products, and parenterals (small and large volume). Application of the 
concepts in this guideline to other dosage forms is encouraged. Note that issues 
related to optically active drug substances and to solid state considerations for drug 
products are discussed in part 3.3.1. of this guideline.  
3.3.2.1 The following tests are applicable to tablets (coated and uncoated) and hard 
capsules. One or more of these tests may also be applicable to soft capsules and 
granules. 
a) Dissolution: The specification for solid oral dosage forms normally includes a test to 
measure release of drug substance from the drug product.  Single-point 
measurements are normally considered to be suitable for immediate-release dosage 
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forms. For modified-release dosage forms, appropriate test conditions and sampling 
procedures should be established. For example, multiple time point sampling should 
be performed for extended-release dosage forms, and two-stage testing (using 
different media in succession or in parallel, as appropriate) may be appropriate for 
delayed-release dosage forms. In these cases it is important to consider the 
populations of individuals who will be taking the drug product (e.g., achlorhydric 
elderly) when designing the tests and acceptance criteria.  In some cases (see 3.3.2.1 
b) Disintegration) dissolution testing may be replaced by disintegration testing  (see 
Decision Tree #7 (1)). 
For immediate-release drug products where changes in dissolution rate have been 
demonstrated to significantly affect bioavailability, it is desirable to develop test 
conditions which can distinguish batches with unacceptable bioavailability.  If 
changes in formulation or process variables significantly affect dissolution and such 
changes are not controlled by another aspect of the specification, it may also be 
appropriate to adopt dissolution test conditions which can distinguish these changes  
(see Decision Tree #7(2)).  
Where dissolution significantly affects bioavailability, the acceptance criteria should 
be set to reject batches with unacceptable bioavailability.  Otherwise, test conditions 
and acceptance criteria should be established which pass clinically acceptable batches  
(see Decision Tree #7(2)). 
For extended-release drug products, in vitro / in vivo correlation may be used to 
establish acceptance criteria when human bioavailability data are available for 
formulations exhibiting different release rates. Where such data are not available, 
and drug release cannot be shown to be independent of in vitro test conditions, then 
acceptance criteria should be established on the basis of available batch data. 
Normally, the permitted variability in mean release rate at any given time point 
should not exceed a total numerical difference of +/-10% of the labeled content of drug 
substance (i.e., a total variability of 20%: a requirement of 50 +/- 10% thus means an 
acceptable range from 40% to 60%), unless a wider range is supported by a 
bioequivalency study  (see Decision Tree #7(3)). 
b) Disintegration: For rapidly dissolving (dissolution >80% in 15 minutes at pH 1.2, 
4.0 and 6.8) products containing drugs which are highly soluble throughout the 
physiological range (dose/solubility volume < 250 mL from pH 1.2 to 6.8), 
disintegration may be substituted for dissolution.  Disintegration testing is most 
appropriate when a relationship to dissolution has been established or when 
disintegration is shown to be more discriminating than dissolution. In such cases 
dissolution testing may not be necessary. It is expected that development information 
will be provided to support the robustness of the formulation and manufacturing 
process with respect to the selection of dissolution vs. disintegration testing  (see 
Decision Tree #7(1)). 
c) Hardness/friability: It is normally appropriate to perform hardness and/or friability 
testing as an in-process control (see section 2.3). Under these circumstances, it is 
normally not necessary to include these attributes in the specification. If the 
characteristics of hardness and friability have a critical impact on drug product 
quality (e.g., chewable tablets), acceptance criteria should be included in the 
specification.  
d) Uniformity of dosage units: This term includes both the mass of the dosage form 
and the content of the active substance in the dosage form; a pharmacopoeial 
procedure should be used. In general, the specification should include one or the other 
but not both.  If appropriate, these tests may be performed in-process; the acceptance 
criteria should be included in the specification.  When weight variation is applied for 
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new drug products exceeding the threshold value to allow testing uniformity by 
weight variation, applicants should verify during drug development that the 
homogeneity of the product is adequate. 
e) Water content: A test for water content should be included when appropriate. The 
acceptance criteria may be justified with data on the effects of hydration or water 
absorption on the drug product. In some cases, a Loss on Drying procedure may be 
considered adequate; however, a detection procedure which is specific for water (e.g., 
Karl Fischer titration) is preferred. 
f) Microbial limits: Microbial limit testing is seen as an attribute of Good 
Manufacturing Practice, as well as of quality assurance. In general, it is advisable to 
test the drug product unless its components are tested before manufacture and the 
manufacturing process is known, through validation studies, not to carry a significant 
risk of microbial contamination or proliferation.  It should be noted that, whereas this 
guideline does not directly address excipients, the principles discussed here may be 
applicable to excipients as well as to new drug products. Skip testing may be an 
appropriate approach in both cases where permissible.  (See Decision Tree #6 for 
microbial testing of excipients.) 
Acceptance criteria should be set for the total count of aerobic microorganisms, the 
total count of yeasts and molds, and the absence of specific objectionable bacteria (e.g., 
Staphylococcus aureus, Escherichia coli, Salmonella, Pseudomonas aeruginosa). 
These should be determined by suitable procedures, using pharmacopoeial 
procedures, and at a sampling frequency or time point in manufacture which is 
justified by data and experience.  The type of microbial test(s) and acceptance criteria 
should be based on the nature of the drug substance, method of manufacture, and the 
intended use of the drug product. With acceptable scientific justification, it should be 
possible to propose no microbial limit testing for solid oral dosage forms.  
Decision tree #8 provides additional guidance on the use of microbial limits testing.    
3.3.2.2 Oral liquids: One or more of the following specific tests will normally be 
applicable to oral liquids and to powders intended for reconstitution as oral liquids. 
a) Uniformity of dosage units: This term includes both the mass of the dosage form 
and the content of the active substance in the dosage form; a pharmacopoeial 
procedure should be used. In general, the specification should include one or the other 
but not both.  When weight variation is applied for new drug products exceeding the 
threshold value to allow testing uniformity by weight variation, applicants should 
verify during drug development that the homogeneity of the product is adequate. 
If appropriate, tests may be performed in-process; however, the acceptance criteria 
should be included in the specification. This concept may be applied to both single-
dose and multiple-dose packages. 
The dosage unit is considered to be the typical dose taken by the patient. If the actual 
unit dose, as taken by the patient, is controlled, it may either be measured directly or 
calculated, based on the total measured weight or volume of drug divided by the total 
number of doses expected. If dispensing equipment (such as medicine droppers or 
dropper tips for bottles) is an integral part of the packaging, this equipment should be 
used to measure the dose. Otherwise, a standard volume measure should be used. The 
dispensing equipment to be used is normally determined during development. 
For powders for reconstitution, uniformity of mass testing is generally considered 
acceptable. 
b) pH: Acceptance criteria for pH should be provided where applicable and the 
proposed range justified. 
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c) Microbial limits: Microbial limit testing is seen as an attribute of Good 
Manufacturing Practice, as well as of quality assurance. In general, it is advisable to 
test the drug product unless its components are tested before manufacture and the 
manufacturing process is known, through validation studies, not to carry a significant 
risk of microbial contamination or proliferation.  It should be noted that, whereas this 
Guideline does not directly address excipients, the principles discussed here may be 
applicable to excipients as well as to new drug products.  Skip testing may be an 
appropriate approach in both cases where permissible.  With acceptable scientific 
justification, it may be possible to propose no microbial limit testing for powders 
intended for reconstitution as oral liquids.  
Acceptance criteria should be set for the total count of aerobic microorganisms, total 
count of yeasts and molds, and the absence of specific objectionable bacteria (e.g., 
Staphylococcus aureus, Escherichia coli, Salmonella, Pseudomonas aeruginosa). 
These should be determined by suitable procedures, using pharmacopoeial 
procedures, and at a sampling frequency or time point in manufacture which is 
justified by data and experience.  
Decision tree #8 provides additional guidance on the use of microbial limits testing. 
d) Antimicrobial preservative content: For oral liquids needing an antimicrobial 
preservative, acceptance criteria for preservative content should be established.  
Acceptance criteria for preservative content should be based upon the levels of 
antimicrobial preservative necessary to maintain microbiological quality of the 
product at all stages throughout its proposed usage and  shelf-life. The lowest 
specified concentration of antimicrobial preservative should be demonstrated to be 
effective in controlling microorganisms by using a pharmacopoeial antimicrobial 
preservative effectiveness test.  
Testing for antimicrobial preservative content should normally be performed at 
release.  Under certain circumstances, in-process testing may suffice in lieu of release 
testing. When antimicrobial preservative content testing is performed as an in-process 
test, the acceptance criteria should remain part of the specification.  
Antimicrobial preservative effectiveness should be demonstrated during development, 
during scaleup, and throughout the shelf-life (e.g., in stability testing: see the ICH 
Guideline, “Stability Testing of New Drug Substances and Products”), although 
chemical testing for preservative content is the attribute normally included in the 
specification. 
e) Antioxidant preservative content: Release testing for antioxidant content should 
normally be performed. Under certain circumstances, where justified by 
developmental and stability data, shelf-life testing may be unnecessary, and in-
process testing may suffice in lieu of release testing where permitted.  When 
antioxidant content testing is performed as an in-process test, the acceptance criteria 
should remain part of the specification. If only release testing is performed, this 
decision should be reinvestigated whenever either the manufacturing procedure or the 
container/closure system changes. 
f) Extractables: Generally, where development and stability data show evidence that 
extractables from the container/closure systems are consistently below levels that are 
demonstrated to be acceptable and safe, elimination of this test can normally be 
accepted.  This should be reinvestigated if the container/closure system or formulation 
changes. 
Where data demonstrate the need, tests and acceptance criteria for extractables from 
the container/closure system components (e.g., rubber stopper, cap liner, plastic 
bottle, etc.) are considered appropriate for oral solutions packaged in non-glass 
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systems, or in glass containers with non-glass closures. The container/closure 
components should be listed, and data collected for these components as early in the 
development process as possible. 
g) Alcohol content: Where it is declared quantitatively on the label in accordance with 
pertinent regulations, the alcohol content should be specified. It may be assayed or 
calculated. 
h) Dissolution: In addition to the attributes recommended immediately above, it may 
be appropriate (e.g., insoluble drug substance) to include dissolution testing and 
acceptance criteria for oral suspensions and dry powder products for resuspension.  
Dissolution testing should be performed at release. This test may be performed as an 
in-process test when justified by product development data. The testing apparatus, 
media, and conditions should be pharmacopoeial, if possible, or otherwise justified. 
Dissolution procedures using either pharmacopoeial or non-pharmacopoeial 
apparatus and conditions should be validated.  
Single-point measurements are normally considered suitable for immediate-release 
dosage forms. Multiple-point sampling, at appropriate intervals, should be performed 
for modified-release dosage forms. Acceptance criteria should be set based on the 
observed range of variation, and should take into account the dissolution profiles of 
the batches that showed acceptable performance in vivo. Developmental data should 
be considered when determining the need for either a dissolution procedure or a 
particle size distribution procedure.  
i) Particle size distribution: Quantitative acceptance criteria and a procedure for 
determination of particle size distribution may be appropriate for oral suspensions. 
Developmental data should be considered when determining the need for either a 
dissolution procedure or a particle size distribution procedure for these formulations.  
Particle size distribution testing should be performed at release.  It may be performed 
as an in-process test when justified by product development data. If these products 
have been demonstrated during development to have consistently rapid drug release 
characteristics, exclusion of a particle size distribution test from the specification may 
be proposed.  
Particle size distribution testing may also be proposed in place of dissolution testing; 
justification should be provided. The acceptance criteria should include acceptable 
particle size distribution in terms of the percent of total particles in given size ranges. 
The mean, upper, and / or lower particle size limits should be well defined.  
Acceptance criteria should be set based on the observed range of variation, and should 
take into account the dissolution profiles of the batches that showed acceptable 
performance in vivo, as well as the intended use of the product. The potential for 
particle growth should be investigated during product development; the acceptance 
criteria should take the results of these studies into account.  
j) Redispersibility: For oral suspensions which settle on storage (produce sediment), 
acceptance criteria for redispersibility may be appropriate. Shaking may be an 
appropriate procedure.   
The procedure (mechanical or manual) should be indicated. Time required to achieve 
resuspension by the indicated procedure should be clearly defined. Data generated 
during product development may be sufficient to justify skip lot testing, or elimination 
of this attribute from the specification may be proposed. 
k) Rheological properties: For relatively viscous solutions or suspensions, it may be 
appropriate to include rheological properties (viscosity/specific gravity) in the 
specification. The test and acceptance criteria should be stated. Data generated 
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during product development may be sufficient to justify skip lot testing, or elimination 
of this attribute from the specification may be proposed. 
l)  Reconstitution time: Acceptance criteria for reconstitution time should be provided 
for dry powder products which require reconstitution. The choice of diluent should be 
justified. Data generated during product development may be sufficient to justify skip 
lot testing or elimination of this attribute from the specification may be proposed. 
m) Water content: For oral products requiring reconstitution, a test and acceptance 
criterion for water content should be proposed when appropriate. Loss on drying is 
generally considered sufficient if the effect of absorbed moisture vs. water of hydration 
has been adequately characterized during the development of the product. In certain 
cases a more specific procedure (e.g., Karl Fischer titration) may be preferable. 
3.3.2.3 Parenteral Drug Products: The following tests may be applicable to 
parenteral drug products. 
a) Uniformity of dosage units: This term includes both the mass of the dosage form 
and the content of the active substance in the dosage form; a pharmacopoeial 
procedure should be used.  In general, the specification should one or the other but 
not both and is applicable to powders for reconstitution.   When weight variation is 
applied for new drug products exceeding the threshold value to allow testing 
uniformity by weight variation, applicants should verify during drug development 
that the homogeneity of the product is adequate. 
If appropriate (see section 2.3), these tests may be performed in-process; the 
acceptance criteria should be included in the specification. This test may be applied to 
both single-dose and multiple-dose packages. 
For powders for reconstitution, uniformity of mass testing is generally considered 
acceptable. 
b) pH: Acceptance criteria for pH should be provided where applicable and the 
proposed range justified. 
c) Sterility: All parenteral products should have a test procedure and acceptance 
criterion for evaluation of sterility. Where data generated during development and 
validation justify parametric release, this approach may be proposed for terminally 
sterilized drug products (see section 2.6).  
d) Endotoxins/Pyrogens: A test procedure and acceptance criterion for endotoxins, 
using a procedure such as the limulus amoebocyte lysate test, should be included in 
the specification.  Pyrogenicity testing may be proposed as an alternative to endotoxin 
testing where justified. 
e) Particulate matter: Parenteral products should have appropriate acceptance criteria 
for particulate matter. This will normally include acceptance criteria for visible 
particulates and / or clarity of solution, as well as for sub-visible particulates as 
appropriate.  
f) Water content: For non-aqueous parenterals, and for parenteral products for 
reconstitution, a test procedure and acceptance criterion for water content should be 
proposed when appropriate. Loss on drying is generally considered sufficient for 
parenteral products, if the effect of absorbed moisture vs. water of hydration has been 
adequately characterized during development. In certain cases a more specific 
procedure (e.g., Karl Fischer titration) may be preferred. 
g) Antimicrobial preservative content: For parenteral products needing an 
antimicrobial preservative, acceptance criteria for preservative content should be 
established. Acceptance criteria for preservative content should be based upon the 
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levels of antimicrobial preservative necessary to maintain microbiological quality of 
the product at all stages throughout its proposed usage and shelf life. The lowest 
specified concentration of antimicrobial preservative should be demonstrated to be 
effective in controlling microorganisms by using a pharmacopoeial antimicrobial 
preservative effectiveness test.   
Testing for antimicrobial preservative content should normally be performed at 
release.  Under certain circumstances, in-process testing may suffice in lieu of release 
testing where permitted.  When antimicrobial preservative content testing is 
performed as an in-process test, the acceptance criteria should remain part of the 
specification.  
Antimicrobial preservative effectiveness should be demonstrated during development, 
during scaleup, and throughout the shelf-life (e.g., in stability testing: see the ICH 
Guideline, “Stability Testing of New Drug Substances and Products”), although 
chemical testing for preservative content is the attribute normally included in the 
specification. 
h) Antioxidant preservative content: Release testing for antioxidant content should 
normally be performed. Under certain circumstances, where justified by 
developmental and stability data, shelf-life testing may be unnecessary and in-process 
testing may suffice in lieu of release testing. When antioxidant content testing is 
performed as an in-process test, the acceptance criteria should remain part of the 
specification. If only release testing is performed, this decision should be 
reinvestigated whenever either the manufacturing procedure or the container/closure 
system changes. 
i) Extractables: Control of extractables from container/closure systems is considered 
significantly more important for parenteral products than for oral liquids. However, 
where development and stability data show evidence that extractables are 
consistently below the levels that are demonstrated to be acceptable and safe, 
elimination of this test can normally be accepted. This should be reinvestigated if the 
container/closure system or formulation changes. 
Where data demonstrate the need, acceptance criteria for extractables from the 
container/closure components are considered appropriate for parenteral products 
packaged in non-glass systems or in glass containers with elastomeric closures. This 
testing may be performed at release only, where justified by data obtained during 
development. The container/closure system components (e.g., rubber stopper, etc.) 
should be listed, and data collected for these components as early in the development 
process as possible. 
j) Functionality testing of delivery systems: Parenteral formulations packaged in pre-
filled syringes, autoinjector cartridges, or the equivalent should have test procedures 
and acceptance criteria related to the functionality of the delivery system. These may 
include control of syringeability, pressure, and seal integrity (leakage), and/or 
parameters such as tip cap removal force, piston release force, piston travel force, and 
power injector function force.  Under certain circumstances these tests may be 
performed in-process. Data generated during product development may be sufficient 
to justify skip lot testing or elimination of some or all attributes from the 
specification.  
k) Osmolarity: When the tonicity of a product is declared in its labeling, appropriate 
control of its osmolarity should be performed. Data generated during development and 
validation may be sufficient to justify performance of this procedure as an in-process 
control, skip lot testing, or direct calculation of this attribute. 
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l) Particle size distribution: Quantitative acceptance criteria and a procedure for 
determination of particle size distribution may be appropriate for injectable 
suspensions. Developmental data should be considered when determining the need for 
either a dissolution procedure or a particle size distribution procedure.  
Particle size distribution testing should be performed at release.  It may be performed 
as an in-process test when justified by product development data.  If the product has 
been demonstrated during development to have consistently rapid drug release 
characteristics, exclusion of particle size controls from the specification may be 
proposed.  
Particle size distribution testing may also be proposed in place of dissolution testing, 
when development studies demonstrate that particle size is the primary factor 
influencing dissolution; justification should be provided. The acceptance criteria 
should include acceptable particle size distribution in terms of the percent of total 
particles in given size ranges. The mean, upper, and / or lower particle size limits 
should be well defined.  
Acceptance criteria should be set based on the observed range of variation, and should 
take into account the dissolution profiles of the batches that showed acceptable 
performance in vivo and the intended use of the product. The potential for particle 
growth should be investigated during product development; the acceptance criteria 
should take the results of these studies into account. 
m) Redispersibility: For injectable suspensions which settle on storage (produce 
sediment), acceptance criteria for redispersibility may be appropriate. Shaking may 
be an appropriate procedure.  The procedure (mechanical or manual) should be 
indicated.  Time required to achieve resuspension by the indicated procedure should 
be clearly defined.  Data generated during product development may be sufficient to 
justify skip lot testing, or elimination of this attribute from the specification may be 
proposed. 
n) Reconstitution time: Acceptance criteria for reconstitution time should be provided 
for all parenteral products which require reconstitution.  The choice of diluent should 
be justified.  Data generated during product development and process validation may 
be sufficient to justify skip lot testing or elimination of this attribute from the 
specification for rapidly dissolving products. 
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4. GLOSSARY 
(The following definitions are presented for the purpose of this Guideline) 

Acceptance criteria:  
Numerical limits, ranges, or other suitable measures for acceptance of the results of 
analytical procedures. 

Chiral:  
Not superimposable with its mirror image, as applied to molecules, conformations, 
and macroscopic objects, such as crystals. the term has been extended to samples of 
substances whose molecules are chiral, even if the macroscopic assembly of such 
molecules is racemic. 

Combination product:  
A drug product which contains more than one drug substance. 

Degradation product:  
A molecule resulting from a chemical change in the drug molecule brought about over 
time and/or by the action of e.g., light, temperature, pH, water, or by reaction with an 
excipient and/or the immediate container/closure system. Also called decomposition 
product. 

Delayed Release:  
Release of a drug (or drugs) at a time other than immediately following oral 
administration.   

Enantiomers:  
Compounds with the same molecular formula as the drug substance, which differ in 
the spatial arrangement of atoms within the molecule and are nonsuperimposable 
mirror images. 

Extended Release:  
Products which are formulated to make the drug available over an extended period 
after administration. 

Highly Water Soluble Drugs:  
Drugs with a dose/solubility volume of less than or equal to 250 mL over a pH range 
of 1.2 to 6.8. (Example: Compound A has as its lowest solubility at 37± 0.5°C, 1.0 
mg/mL at pH 6.8, and is available in 100 mg, 200 mg, and 400 mg strengths.  This 
drug would be considered a low solubility drug as its dose/solubility volume is greater 
than 250 mL (400 mg/1.0 mg/mL = 400 mL). 

Immediate Release:  
Allows the drug to dissolve in the gastrointestinal contents, with no intention of 
delaying or prolonging the dissolution or absorption of the drug. 

Impurity:  
(1) Any component of the new drug substance which is not the chemical entity defined 
as the new drug substance. (2) Any component of the drug product  which is not the 
chemical entity defined as the drug substance or an excipient in the drug product. 

Identified impurity:  
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An impurity for which a structural characterization has been achieved. 

In-process tests:  
Tests which may be performed during the manufacture of either the drug substance 
or drug product, rather than as part of the formal battery of tests which are conducted 
prior to release. 

Modified Release:  
Dosage forms whose drug-release characteristics of time course and/or location are 
chosen to accomplish therapeutic or convenience objectives not offered by conventional 
dosage forms such as a solution or an immediate release dosage form. Modified 
release solid oral dosage forms include both delayed and extended release drug 
products. 

New drug product:  
A pharmaceutical product type, for example, tablet, capsule, solution, cream, etc.,  
which has not previously been registered in a region or Member State, and which 
contains a drug ingredient generally, but not necessarily, in association with 
excipients. 

New drug substance:  
The designated therapeutic moiety, which has not previously been registered in a 
region or Member State (also referred to as a new molecular entity or new chemical 
entity). It may be a complex, simple ester, or salt of a previously approved drug 
substance. 

Polymorphism:  
The occurrence of different crystalline forms of the same drug substance. This may 
include solvation or hydration products (also known as pseudopolymorphs) and 
amorphous forms.  

Quality:  
The suitability of either a drug substance or drug product for its intended use. This 
term includes such attributes as the identity, strength, and purity. 

Racemate:  
A composite (solid, liquid, gaseous, or in solution) of equimolar quantities of two 
enantiomeric species. It is devoid of optical activity. 

Rapidly Dissolving Products:  
An immediate release solid oral drug product is considered rapidly dissolving when 
not less than 80% of the label amount of the drug substance dissolves within 15 
minutes in each of the following media: (1) pH 1.2, (2) pH 4.0, and (3) pH 6.8.  

Reagent:  
A substance, other than a starting material or solvent, which is used in the 
manufacture of a new drug substance. 
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Solvent:  
An inorganic or an organic liquid used as a vehicle for the preparation of solutions or 
suspensions in the synthesis of a new drug substance or the manufacture of a new 
drug product. 

Specification:  
A list of tests, references to analytical procedures, and appropriate acceptance criteria 
which are numerical limits, ranges, or other criteria for the tests described. It 
establishes the set of criteria to which a drug substance or drug product should 
conform to be considered acceptable for its intended use. "Conformance to 
specifications" means that the drug substance and / or drug product, when tested 
according to the listed analytical procedures, will meet the listed acceptance criteria. 
Specifications are critical quality standards that are proposed and justified by the 
manufacturer and approved by regulatory authorities. 

Specific test:  
A test which is considered to be applicable to particular new drug substances or 
particular new drug products depending on their specific properties and/or intended 
use. 

Specified impurity:  
An identified or unidentified impurity that is selected for inclusion in the new drug 
substance or new drug product specification and is individually listed and limited in 
order to assure the quality of the new drug substance or new drug product. 

Unidentified impurity:  
An impurity which is defined solely by qualitative analytical properties, (e.g., 
chromatographic retention time). 

Universal test:  
A test which is considered to be potentially applicable to all new drug substances, or 
all new drug products; e.g., appearance, identification, assay, and impurity tests. 
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Abstract

Purpose Dasatinib is a dual Abl/Src tyrosine kinase

inhibitor (TKI) designed as a prototypic short-acting BCR–

ABL-targeted TKI that inhibits BCR–ABL with greater

potency compared with imatinib, nilotinib, bosutinib, and

ponatinib and has been shown to have potential immuno-

modulatory effects. Dasatinib is approved for the treatment

of all phases of chronic myeloid leukemia (CML) and

Philadelphia chromosome-positive acute lymphoblastic

leukemia resistant or intolerant to prior imatinib treatment

and first-line treatment for CML in chronic phase. In this

article, the development of dasatinib as a treatment for

patients with CML is reviewed.

Methods This is a review of the relevant literature

regarding dasatinib development in CML (2003–2013).

Results Dasatinib demonstrates efficacy against most

BCR–ABL mutations arising during imatinib therapy and

is effective in treating patients with imatinib resistance due

to other mechanisms. Randomized trial data show that first-

line dasatinib provides superior responses compared with

imatinib and enables patients to achieve early, deep

responses correlated with improved longer-term outcomes.

Dasatinib has a generally acceptable safety profile, with

most adverse events (AEs) proving manageable and

reversible. Cytopenias are commonly observed with

dasatinib, and some nonhematologic AEs including pleural

effusion have been consistently reported.

Conclusion Dasatinib is an effective treatment option for

patients with CML.

Keywords Dasatinib � Chronic myeloid leukemia �
First-line treatment � Second-line treatment �
Side effects � Early response

Introduction

Chronic myeloid leukemia (CML) is a malignant clonal

disorder of hematopoietic stem cells caused by a chromo-

somal aberration, the Philadelphia (Ph) chromosome,

formed by the chromosomal translocation t(9;22)(q34;

q11). This translocation juxtaposes the ABL gene (chro-

mosome 9) and the BCR gene (chromosome 22), creating a

BCR–ABL fusion gene. The resulting chimeric protein is a

constitutively active ABL tyrosine kinase (Hehlmann et al.

2007). Knowledge of the molecular pathogenesis of CML

has allowed the development of molecular-targeted ther-

apy, which has considerably changed the management and

outcome of patients (Hehlmann et al. 2007; Wong and

Witte 2004). Treatment options for CML include BCR–

ABL tyrosine kinase inhibitors (TKIs), interferon alpha,

chemotherapy, stem cell transplantation, or clinical trials of

novel therapies (Baccarani et al. 2013; NCCN v4. 2013).

Imatinib was the first BCR–ABL inhibitor developed for

CML. Although effective, imatinib is associated with

resistance and/or intolerance that reduce its effectiveness in

a subset of patients who require alternative treatment

options. With first-line imatinib 400 mg once-daily treat-

ment of CML in chronic phase (CML-CP), 65–72 % of

patients achieve a complete cytogenetic response (CCyR)
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and 22–57 % achieve a major molecular response (MMR)

by 12 months (Druker et al. 2006; Hochhaus et al. 2009a;

Hughes et al. 2003; Kantarjian et al. 2010; Saglio et al.

2010a).

Newer BCR–ABL inhibitors (dasatinib, nilotinib, bos-

utinib, and ponatinib) were developed to overcome imati-

nib resistance/intolerance, and most are approved for the

second-line treatment for chronic phase (CP), acceler-

ated phase (AP), or blast phase (BP) CML or Ph? acute

lymphoblastic leukemia (ALL; dasatinib and ponatinib

only) resistant or intolerant to prior imatinib treatment

(nilotinib is not approved for CML-BP). Dasatinib 100 mg

once daily and nilotinib 300 mg twice daily are also

approved as first-line treatment in CML-CP based on

superior efficacy versus imatinib in newly diagnosed

patients (EMA Sprycel� [dasatinib] 2012; Kantarjian et al.

2010; Saglio et al. 2010a; Sprycel� BMS 2013; Tasigna�

Novartis 2013).

Nilotinib and imatinib have similar chemical structures,

with nilotinib showing an improved topographical fit in the

BCR–ABL kinase pocket. Whereas imatinib, nilotinib, and

ponatinib appear to bind only to the inactive conformation

of the kinase, dasatinib is structurally different and binds to

both the inactive and active conformations; bosutinib binds

to the inactive and intermediate state of the protein, and

potentially to the active conformation (Cortes et al. 2010a;

Levinson and Boxer 2012; O’Hare et al. 2005, 2009; Put-

tini et al. 2006; Redaelli et al. 2009; Tokarski et al. 2006;

Vajpai et al. 2008; Weisberg et al. 2005; Zhou et al. 2011).

Dasatinib is a potent multikinase inhibitor targeting

BCR–ABL, the SRC family of kinases (SRC, LCK, HCK,

YES, FYN, FGR, BLK, LYN, FRK), receptor tyrosine

kinases (c-KIT, PDGFR, DDR1 and 2, c-FMS, ephrin

receptors), and TEC family kinases (TEC and BTK) and

demonstrates activity against most imatinib-resistant BCR–

ABL mutations (Branford et al. 2009; Karaman et al. 2008;

Shah et al. 2004). Although immunosuppressive effects

were initially observed in preclinical studies of dasatinib,

recent evidence suggests dasatinib may activate and

mobilize anti-leukemic immune responses, which may

improve efficacy. These immunomodulatory effects may

also be implicated in the clinically relevant side effects

observed with dasatinib treatment (Das et al. 2005; Kre-

utzman et al. 2010, 2011; Mustjoki et al. 2010, 2011, 2013;

Rix et al. 2007). The recommended dose of dasatinib is

100 mg once daily for CML-CP and 140 mg for CML-AP,

CML-BP, or Ph? ALL administered orally, with or with-

out a meal, because effects of food on dasatinib pharma-

cokinetics were not clinically relevant in a study of 54

healthy subjects (EMA Sprycel� [dasatinib] 2012; Spry-

cel� BMS 2013). Following oral administration, maximum

plasma concentrations of dasatinib are observed between

0.5 and 6 h. Over the dose range of 15–240 mg/day,

dasatinib exhibits dose-proportional increases in the area

under the curve (AUC) and linear elimination characteris-

tics. Overall, mean terminal half-life of dasatinib is 3–5 h

(Sprycel� BMS 2013; Wang et al. 2013).

As the number of first-line treatments for newly diag-

nosed CML-CP continues to expand, it is important to

understand the profile of each therapy in order to select the

most appropriate option for each patient. The effect of

dasatinib’s activity profile (high potency, broad spectrum

kinase inhibition, potential immune activity) on efficacy

and side effect profile in patients with CML-CP will be

reviewed in this article.

In vitro development of dasatinib

Dasatinib was discovered by and named after Jagabandhu

Das (Das et al. 2006) as part of an effort to develop potent

inhibitors of Src family kinases (SFKs). Kinase selectivity

panel screening of dasatinib’s parent compound demon-

strated its potency against BCR–ABL and other kinases.

Dasatinib was selected for further development based on its

activity in a xenograft model of CML and favorable

pharmacokinetic profile following oral dosing (Lombardo

et al. 2004). Dasatinib is a prototypic short-acting BCR–

ABL-targeted TKI with increased potency (325-fold)

compared with imatinib in inhibiting unmutated BCR–

ABL (Lombardo et al. 2004; O’Hare et al. 2005).

Imatinib resistance is frequently associated with the

acquisition of BCR–ABL point mutations, of which over

100 have been identified (Hochhaus et al. 2011; Quintás-

Cardama and Cortes 2009). Dasatinib is active against the

majority of clinically relevant imatinib-resistant BCR–

ABL mutations, in part due to differing binding constraints,

allowing dasatinib to bind more effectively to certain i-

matinib-resistant BCR–ABL mutants (Hochhaus et al.

2011; Tokarski et al. 2006). Although dasatinib, like i-

matinib, binds to the ATP-binding pocket of BCR–ABL, its

binding site only partially overlaps with imatinib-binding

sites. Crystal structures of the inhibitors bound to ABL

show dasatinib has fewer interactions with the P-loop and

interacts less with the activation loop and a-helix compared

with imatinib (Tokarski et al. 2006). Based on in vitro

assays, dasatinib demonstrates little or no activity against

T315I and V299L (IC50 [ 15 nM); low activity (IC50

5–15 nM) against Y253F, E255 K/V, F317L; and,

depending on the study, low activity against G250E,

Q252H, and Y253H (Burgess et al. 2005; O’Hare et al.

2005; Redaelli et al. 2009). Patients treated with second-

line dasatinib after developing a BCR–ABL mutation on

imatinib had markedly reduced response rates (compared

to patients with no mutations) if they had T315I or F317L,

and possibly lower response rates if carrying Q252H,
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E255 K, or E355G (Apperley et al. 2009; Cortes et al.

2007b; Guilhot et al. 2007; Hochhaus et al. 2007; Müller

et al. 2009; Soverini et al. 2006, Talpaz et al. 2006).

Mutations arising during dasatinib treatment include

T315I/A, F317L/I/C/V, V299L, and G250E (Cortes et al.

2007b; Hochhaus et al. 2012a; Khorashad et al. 2008;

Müller et al. 2009; Shah et al. 2007; Soverini et al. 2007a,

b, 2009).

Other kinases potently inhibited by dasatinib include

SRC family kinases (SRC, LCK, LYN, YES, FYN, FRK),

receptor tyrosine kinases (KIT, EPHA2, and PDGFRa and

b), and TEC family kinases (TEC and BTK) (Chang et al.

2008; Dewaele et al. 2010; Hantschel et al. 2007; Huang

et al. 2007; Li et al. 2010; Lombardo et al. 2004). The

multikinase activity of dasatinib may have therapeutic

advantages. Pathologic SFK activity may contribute to

BCR–ABL-independent imatinib resistance in CML (Do-

nato et al. 2003; Pene-Dumitrescu and Smithall 2010).

Another mechanism of BCR–ABL-independent imatinib

resistance is mediated by altered expression of drug influx

and efflux proteins, including OCT-1 (White et al. 2007).

As dasatinib is not a substrate of OCT-1, its activity is

unlikely to be affected by OCT-1 overexpression, in con-

trast to imatinib (Hiwase et al. 2008).

Clinical investigations of dasatinib

The evolution of optimal dasatinib dosing: maintaining

clinical efficacy with reduced toxicity

The efficacy of oral dasatinib was first assessed in a phase

I, open-label, dose-escalation study (Table 1). Patients

(n = 84) with various phases of CML or Ph? ALL intol-

erant or resistant to imatinib received oral dasatinib

(15–240 mg/day) once or twice daily in 4-week treatment

cycles (Talpaz et al. 2006). Dasatinib had clinical activity

in all CML phases and Ph? ALL. Complete hematologic

response (CHR) was achieved in 92 % of patients (37/40)

with CML-CP, and major hematologic response (MHR)

was seen in 70 % of patients (31/44) with CML-AP, CML-

BP, or Ph? ALL. The rates of major cytogenetic response

(MCyR) were 45 % (18/40) in patients with CML-CP and

43 % (19/44) in patients with CML-AP, CML-BP, or Ph?

ALL. Of note, imatinib-associated side effects, including

muscle cramps and nausea, were infrequent with dasatinib,

and patients intolerant to imatinib did not have recurrence

of the same nonhematologic adverse events (AEs) (e.g.,

rash and liver function abnormalities) with dasatinib

treatment. The major AE associated with dasatinib was

Table 1 Efficacy data from the phase I dasatinib dose-escalation

study and phase II START clinical program of second-line dasatinib

in patients with different phases of CML resistant and/or intolerant to

imatinib therapy (Apperley et al. 2009; Kantarjian et al. 2009a; Mauro

et al. 2008; Saglio et al. 2008; Talpaz et al. 2006)

Study/phase Population Follow-up

(months)

Dose schedule N Patients, %

CHR MCyR CCyR MMR PFS OS

CA180-002

phase I

CML-CP, CML-AP,

CML-BP, or Ph? ALL

imatinib R/I

Median 12 15 to 240 mg

dasatinib per day

40 (CP) 92 45 35 - - -

11 (AP) 45 27 18 - - -

23 (MBP) 35 35 26 - - -

10 (LBP, Ph?

ALL)

70 80 30 - - -

START-A

phase II

CML-AP imatinib R/I Median

14.1

70 mg dasatinib

twice daily

174 45 39 32 - 66 82

START-B

phase II

CML-MBP imatinib R/I Minimum

24

70 mg dasatinib

twice daily

109 26 34 27 - - 38

START-L

phase II

CML-LBPa imatinib R/I Minimum

24

70 mg dasatinib

twice daily

48 29 52 46 - - 26

START-C

phase II

CML-CP imatinib R/I Minimum

24

70 mg dasatinib

twice daily

387 91 62 53 47 80 94

START-R

phase II

CML-CP imatinib R Minimum

24

70 mg dasatinib

twice daily

101 93 53 44 29 86 -

400 mg imatinib

twice daily

49 82 33 18 12 65 -

AP accelerated phase, BP blast phase, CCyR complete cytogenetic response, CHR complete hematologic response, CP chronic phase, I intol-

erant, L lymphoid, M myeloid, MCyR major cytogenetic response, MMR major molecular response, Ph? ALL Philadelphia chromosome-positive

acute lymphoblastic leukemia, OS overall survival, PFS progression-free survival, R resistant
a START-L also included a Ph? ALL cohort, data not reported here
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reversible myelosuppression. Because dasatinib has a rel-

atively short half-life (3–5 h) (Sprycel� BMS 2013; Wang

et al. 2013), the probability of achieving more continuous

BCR–ABL inhibition was thought to be increased by

twice-daily dosing (Shah et al. 2010); however, once-daily

regimens of dasatinib had similar rates of hematologic and

cytogenetic response compared with twice-daily regimens

and lower rates of AEs supported by a recent retrospective

dasatinib exposure–response analysis (Saglio et al. 2010b;

Shah et al. 2008a, 2010; Wang et al. 2013).

A series of phase II trials, the pivotal START (SRC–

ABL Tyrosine kinase inhibition Activity Research Trials)

trial program (Table 1), followed the phase I dose-escala-

tion study. The primary objective for these trials was to

treat patients with resistance or intolerance to imatinib who

therefore had a life-threatening medical need. As the

pharmacokinetics of the dasatinib 70 mg twice-daily regi-

men were better understood, it was selected as the pre-

ferred dosing option in these patients. These open-label,

multicenter trials established the efficacy and safety of

second-line dasatinib (70 mg twice daily) in the treatment

of imatinib-resistant or imatinib-intolerant patients with

CML (all phases) or Ph? ALL. Data from this program led

to the initial approval of dasatinib in these indications.

Two START studies assessed second-line dasatinib

70 mg twice daily in patients with CML-CP. START-C

was a single-arm study, and START-R was a randomized,

parallel-arm study of dasatinib versus high-dose imatinib

(800 mg/day) in patients resistant to standard dose imatinib

(Hochhaus et al. 2007, 2008; Kantarjian et al. 2007, 2009a;

Mauro et al. 2008). In START-C (N = 387), dasatinib

induced MCyR (primary end point) in 62 % of patients

after a minimum follow-up of 24 months (Mauro et al.

2008). The corresponding CCyR rate was 53 %. In

START-R, rates of MCyR were 53 % in the dasatinib

70 mg twice-daily arm (n = 101) and 33 % in the high-

dose imatinib arm (n = 49) (p = 0.017) after a minimum

follow-up of 24 months (Kantarjian et al. 2009a). CCyR

rates were 44 and 18 %, respectively (p = 0.0025).

Although no formal statistical comparison between the

study arms was planned, the data suggested relatively

greater efficacy for dasatinib compared with imatinib

(Kantarjian et al. 2009a). These responses were also

durable, as a pooled analysis (N = 387) of the START-C

and START-R studies showed that 90 % of patients

achieving a CCyR maintained this level of response after

24 months (Baccarani et al. 2008). START-A, START-B,

and START-L were single-arm studies of second-line da-

satinib 70 mg twice daily in patients with CML-AP, CML-

BP, and CML-BP/Ph? ALL, respectively (Apperley et al.

2009; Cortes et al. 2007a, 2008; Guilhot et al. 2007; Ott-

mann et al. 2007; Saglio et al. 2008). In the START-A trial

(N = 174), after a median follow-up of 14.1 months, 64 %

of patients with CML-AP achieved the primary end point

of MHR and 45 % achieved a CHR (Apperley et al. 2009).

START-B included patients with myeloid CML-BP

(N = 109), and START-L included patients with lymphoid

CML-BP (n = 48) and a subset of patients with Ph? ALL

(Cortes et al. 2007a). After a minimum follow-up of

24 months, a CHR was achieved in 26 % of patients with

myeloid CML-BP and in 29 % of patients with lymphoid

CML-BP (Saglio et al. 2008).

The recommended starting dose for dasatinib in patients

with CML-CP is now 100 mg once daily (EMA Sprycel�

[dasatinib] 2012; Sprycel� BMS 2013) following the

results of a phase III dose-optimization study showing that

100 mg once daily was associated with similar efficacy as

the twice-daily regimen, but with a reduction in toxicity

(Shah et al. 2008a). Although the dasatinib half-life of

3–5 h (Sprycel� BMS 2013) was used as a basis for the

initial twice-daily dosing regimen, transient exposure of

CML cell lines to dasatinib in vitro has been demonstrated

to induce apoptosis (Shah et al. 2008b), supporting the

feasibility of once-daily dosing, and data from the phase I

study suggested that once-daily and twice-daily dose

schedules were associated with similar response rates

(Talpaz et al. 2006). Furthermore, due to dose reductions in

the START-C and START-R studies, the median total

daily dose delivered to patients approximated 100 mg/day

(Hochhaus et al. 2007; Kantarjian et al. 2007). It was

therefore proposed to compare the 100 mg once-daily dose

with other schedules. In this dose-optimization study,

patients (N = 670) were randomized to receive dasatinib at

100 mg once daily (n = 167), 140 mg once daily

(n = 167), 50 mg twice daily (n = 168), or 70 mg twice

daily (n = 168) (Shah et al. 2008a). After a minimum

follow-up of 2 years, rates of CCyR and MMR were sim-

ilar across the different dosing schedules (CCyR 50–54 %;

MMR 37–38 %) (Shah et al. 2010). In the 100 mg once-

daily arm, the 24-month rates of CCyR and MMR were 50

and 37 %, respectively. Rates of progression-free survival

(PFS), overall survival (OS), and transformation to AP/BP

by 24 months were 80, 91, and 3 %, respectively (Table 2).

The 100 mg once-daily arm was associated with improved

safety. Rates of all-grade pleural effusion (p = 0.049),

grade C3 thrombocytopenia (p = 0.003), all-grade neu-

tropenia (p = 0.034), and all-grade leukocytopenia

(p = 0.017) were significantly lower for patients treated

with dasatinib 100 mg once daily compared with other

schedules (Shah et al. 2010). After a minimum follow-up

of 5 years, PFS, OS, and rates of transformation to AP/BP

were 57, 78, and 5 %, respectively, in the 100 mg once-

daily arm (Shah et al. 2012).

A similar phase III dose-optimization study in patients

with CML-AP (Kantarjian et al. 2009b) and CML-BP

(Saglio et al. 2010b) led to a recommended dasatinib dose
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of 140 mg once daily in these indications (EMA Sprycel�

[dasatinib] 2012; Sprycel� BMS 2013). Patients were

randomized to receive dasatinib 70 mg twice daily

(n = 159, AP; n = 74, myeloid BP [MBP]; n = 28, lym-

phoid BP [LBP]) or 140 mg once daily (n = 158, AP;

n = 75 MBP; n = 33, LBP). In patients with CML-AP,

similar rates of MHR (68 vs 66 %) and MCyR (43 vs

39 %) were observed in both treatment arms after a median

follow-up of 15 months. Significantly, fewer patients in the

once-daily arm had pleural effusion compared with the

twice-daily arm (p \ 0.001) (Kantarjian et al. 2009b).

After 2 years of follow-up, for patients with myeloid BP,

the MHR rates in both arms were 28 %; for those with

lymphoid BP, the corresponding rates were 42 % in the

once-daily arm and 32 % in the twice-daily arm. AE rates

were suggestive of improved safety for dasatinib 140 mg

once daily (Saglio et al. 2010b).

Early responses to dasatinib 100 mg once daily

in the treatment for newly diagnosed CML-CP

Following the success of second-line dasatinib in treating

patients with CML, trials were performed to assess the

clinical benefit of this agent in the first-line setting. The

rationale for performing first-line studies derives partly

from the observation that earlier responses to therapy are

associated with better outcomes as seen with first-line i-

matinib (de Lavallade et al. 2008; Druker et al. 2006;

Kantarjian et al. 2008; Marin et al. 2008). Similarly, in a

retrospective analysis of patients from the dasatinib

START-C and START-R, and dose-optimization trials,

patients who achieved CCyR at 12 months had a 24-month

PFS rate of 97 % (95 % confidence interval [CI],

93–100 %) compared with 78 % (95 % CI, 72–83 %) for

patients who did not achieve CCyR or MMR at this time

point (Hochhaus et al. 2009b). In exploratory landmark

analyses of the second-line dasatinib dose-optimization

study, patients receiving dasatinib 100 mg once daily with

cytogenetic assessments at 12 months showing achieve-

ment of CCyR had higher PFS after 4-year minimum fol-

low-up compared with patients achieving less than partial

CyR (PCyR) responses (87 vs 45 %) (Shah et al. 2011).

With 5-year follow-up, similar trends were observed for

patients achieving B10 % BCR–ABL levels compared to

patients with [10 % BCR–ABL levels at 3 months (Shah

et al. 2012). These landmark analyses demonstrate the

importance of achieving an early response to improve

patient outcome. Furthermore, dasatinib is more potent than

imatinib, and less susceptible to mechanisms of imatinib

resistance. Therefore, it may be expected to elicit earlier

responses than imatinib with consequently improved long-

term outcomes.

The first trial investigating dasatinib as first-line treat-

ment was a phase II, open-label study (Cortes et al. 2010b).

Patients with newly diagnosed CML-CP were randomized

to receive dasatinib 100 mg once daily (n = 66) or 50 mg

twice daily (n = 33) (Pemmaraju et al. 2011). Because of

results from a phase III multinational randomized study of

first-line dasatinib and trends in favor of the 100 mg once-

daily schedule of dasatinib seen in this study and others,

the 50 mg twice-daily arm of this trial was closed after 66

patients were enrolled, and all subsequent patients were

randomized to the 100 mg once-daily arm. The study

continues enrolling patients in the once-daily arm (Cortes

et al. 2010b; Pemmaraju et al. 2011). After a median fol-

low-up of 29 months, in patients with C3-month follow-up

(n = 87), rates of CCyR and MMR were 95 and 86 %,

respectively. BCR–ABL levels of B0.0032 % (C4.5-log

reduction; MR4.5) were achieved in 67 % of patients.

Responses were achieved rapidly with 94 and 95 % of

patients achieving a CCyR after 6 and 12 months,

respectively. Similarly, MMR rates at 6 and 12 months

were 68 and 73 %, respectively. These data compare

favorably with historic response data for imatinib (Pem-

maraju et al. 2011).

Dasatinib in the first-line setting was further investigated

in the pivotal, open-label, multinational, randomized phase

III trial of Dasatinib versus Imatinib Study in Treatment-

Naı̈ve CML Patients (DASISION) (Kantarjian et al. 2010).

In this study, 519 patients newly diagnosed with CML-CP

were randomized to receive dasatinib 100 mg once daily

(n = 259) or imatinib 400 mg once daily (n = 260) (Fig-

ure 1) (Kantarjian et al. 2010). Efficacy data are shown in

Table 3. The primary end point of this study was confirmed

Table 2 Efficacy data from the CA180-034 phase III dose-optimi-

zation study of second-line dasatinib in patients with CML-CP

resistant or intolerant to imatinib therapy after a minimum follow-up

of 2 years (Shah et al. 2008a, 2010)

Dasatinib dose

schedule

n Patients, %

CHR MCyR CCyR MMR PFSa OS

100 mg once

daily

167 92 63 50 37 80 91

70 mg twice

daily

168 88 61 54 38 76 88

140 mg once

daily

167 87 63 50 38 75 94

50 mg twice

daily

168 92 61 50 38 76 90

CCyR complete cytogenetic response, CHR complete hematologic

response, MCyR major cytogenetic response, MMR major molecular

response, OS overall survival, PFS progression-free survival
a Definition of disease progression: loss of previous CHR or MCyR,

confirmed AP/BP disease, increasing WBC count (recorded by the

investigator as a doubling from the lowest value to [20,000/mm3 or

increases of [50,000/mm3 on 2 assessments C2 weeks apart),

increase in Ph? metaphases by C30 %, or death from any cause
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CCyR (cCCyR; CCyR on two consecutive assessments) by

12 months. For the dasatinib versus imatinib arms, the rate

of cCCyR by 12 months was 77 versus 66 % (p = 0.007),

respectively (Kantarjian et al. 2010). Cumulative CCyR,

MMR, and MR4.5 rates were higher for dasatinib across a

24-month period (p = 0.0002, p \ 0.0001, and p = 0.002,

respectively) (Kantarjian et al. 2012). Responses to dasat-

inib were rapid and prolonged; median times to CCyR were

3.2 and 6.0 months and median times to MMR were 15 and

36 months in the dasatinib and imatinib arms, respectively

(Kantarjian et al. 2012). At 24 months, for dasatinib versus

imatinib, cumulative rates of MMR were 64 versus 46 %

(p \ 0.0001), rates for BCR–ABL B 0.01 % (MR4) were

29 versus 19 % (p = 0.0053), and rates of MR4.5 were 17

versus 8 % (p = 0.0032) (Hochhaus et al. 2012a; Kan-

tarjian et al. 2012). After 2-year follow-up, transformation

to AP/BP throughout study follow-up (including on study

and after discontinuation) occurred in nine patients (3.5 %)

receiving dasatinib and 15 (5.8 %) receiving imatinib

(Hochhaus et al. 2012a; Kantarjian et al. 2012). At 2-year

follow-up, survival data for this study remain immature,

but no difference was observed between dasatinib and i-

matinib for PFS (93.7 and 92.1 %) and OS (95.3 and

95.2 %). A small difference in failure-free survival for

dasatinib versus imatinib was observed (including protocol

defined progression; 91.2 vs 87.8 %) (Hochhaus et al.

2012a; Kantarjian et al. 2012).

In exploratory analyses, achieving an early molecular

response (BCR–ABL levels of B10 %) at 3 months was

associated with lower transformation rates (dasatinib: 1.5 vs

8.1 %; imatinib: 2.6 vs 9.4 %), better long-term outcomes

(24-month PFS: dasatinib, 97 vs 83 %; imatinib, 96 vs

85 %), and improved response (24-month MMR rates: da-

satinib, 76 vs 16 %; imatinib, 66 vs 19 %) in both treatment

arms (Hochhaus et al. 2012b). Deeper levels of response

were achieved earlier with dasatinib compared with imatinib

as equivalent BCR–ABL (international scale [IS]) levels

were achieved 6 months earlier with dasatinib, and a higher

proportion of patients receiving dasatinib achieved BCR–

ABL levels of B10 % at 3 months compared with patients

receiving imatinib (84 vs 64 %) (Hochhaus et al. 2012b;

Saglio et al. 2012). Similar results were found in another

first-line study of dasatinib. Results from exploratory anal-

yses of the dasatinib arm of the SPIRIT 2 trial have been

reported, and after 2 years of follow-up, 91.4 % of patients

receiving dasatinib achieved BCR–ABL levels of B10 % at

3 months (Marin et al. 2012a). Compared with patients who

had [10 % BCR–ABL levels, patients achieving B10 %

BCR–ABL at 3 months had significantly higher 2-year

cumulative rates of CCyR (91.4 vs 58.8 %, p \ 0.001),

MMR (79.8 vs 14.3 %, p \ 0.001), and MR4.5 (45.7 vs 0 %,

p \ 0.001) (Marin et al. 2012a).

In total, 23 % of dasatinib-treated patients and 25 % of

imatinib-treated patients discontinued treatment in DASI-

SION; 5 and 7 % due to study-defined disease progression

(defined as any of the following: doubling of white cell count

to [20 9 109/L in the absence of CHR; loss of CHR;

increase in Ph-positive metaphases to [35 %; transforma-

tion to AP/BP; death from any cause), 3 and 4 % due to

treatment failure, and 7 and 5 % due to drug-related AEs,

respectively (Kantarjian et al. 2012). In patients who dis-

continued treatment, BCR–ABL mutations were found in 10

patients in each arm, with a narrower spectrum of mutations

seen with dasatinib versus imatinib (3 vs 9 different amino

acids affected). Mutations associated with discontinuation in

the dasatinib arm were T315I (n = 7), F317L (n = 2), and

F317I/V299L (n = 1) (Kantarjian et al. 2012).

Similar levels of response have been observed in addi-

tional studies of first-line dasatinib. In the SWOG S0325

phase II study, newly diagnosed patients were randomized

to receive dasatinib 100 mg once daily (n = 123) or i-

matinib 400 mg once daily (n = 123) (Radich et al. 2012).

At 12 months, median reductions in BCR–ABL transcript

levels were greater with dasatinib compared with imatinib

(3.3 vs 2.8 log; p = 0.063), as were the rates of [3-log

BCR–ABL reductions (59 vs 44 %; p = 0.059). Rate of

CCyR was significantly different between the dasatinib and

imatinib arms (84 and 69 %, respectively; p = 0.040),

although cytogenetic responses were only assessed in 53 %

of patients (Radich et al. 2012).

Side effects or adverse events

Since early clinical trials, some AEs have been consistently

reported in patients receiving dasatinib, including

Randomized (n = 519)

Allocated to dasatinib (n = 259)

– Received dasatinib (n = 258)

Allocated to imatinib (n = 260)

– Received imatinib (n = 258)

Excluded (n = 28)

– No longer met inclusion 

 criteria (n = 20)

– Withdrew consent (n = 3)

– Lost to follow-up (n = 1)

– Other reasons (n = 4)

Analyzed (n = 259)

– Discontinued dasatinib (n = 59)

Analyzed (n = 260)

– Discontinued imatinib (n = 64)

Assessed for eligibility (n = 547)

Fig. 1 Study design and patient disposition for the DASISION phase

III trial of dasatinib versus imatinib in newly diagnosed CML-CP

(Kantarjian et al. 2012)
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myelosuppression, fluid retention, pleural effusion, gas-

trointestinal disorders, fatigue, headache, musculoskeletal

disorders, rash, and infection. Some bleeding events have

also been reported. More recently, cases of pulmonary

arterial hypertension (PAH), a sub-category of pulmonary

hypertension (PH) and atypical of classical PAH with at

least partial reversibility upon drug discontinuation, have

been reported in a small number of patients receiving da-

satinib (Dumitrescu et al. 2011; Fang et al. 2012; Galiè

et al. 2009; Hennigs et al. 2011; Mattei et al. 2009;

McLaughlin et al. 2009; Montani et al. 2012; Orlandi et al.

2011; Philibert et al. 2011; Rasheed et al. 2009; Sano et al.

2012). In clinical trials of first-line and second-line dasat-

inib, most AEs occurred within 12–24 months of treatment

and were managed with dose modifications (Kantarjian

et al. 2012; Shah et al. 2012; Sprycel� BMS 2013).

In the early phase I, open-label, dose-escalation study,

the major AE was reversible myelosuppression, leading to

dose interruption in 60 % of patients (Talpaz et al. 2006).

Grade 3/4 neutropenia and thrombocytopenia were seen in

45 and 35 % of patients with CML-CP, respectively.

Nonhematologic AEs included diarrhea, nausea, and

peripheral edema. Treatment-related pleural effusion

occurred in 13 % of patients with CML-CP (Talpaz et al.

2006). Rates of AEs in this study may be expected to be

elevated, as some patients received doses of dasatinib

considerably higher than the current recommended dose of

100 mg once daily (range of dasatinib dose received

15–240 mg/day). A maximum tolerated dose was not

determined in this study, and no patient withdrew from

treatment as a result of toxic effects (Talpaz et al. 2006).

In the following START-C phase II trial, in which

patients with CML-CP received second-line dasatinib

70 mg twice daily, 9 % of patients discontinued treatment

because of study drug toxicity after 8 months of follow-up

(Hochhaus et al. 2007). Cytopenias were common (grade

3/4 thrombocytopenia, 47 %; neutropenia, 49 %), but

generally reversible and manageable with dose adjust-

ments. Pleural effusion was observed in 19 % of patients

(grade 3/4 in 3 %) (Hochhaus et al. 2007). Similar results

were seen in the START-R phase II trial of dasatinib

70 mg twice daily (Kantarjian et al. 2007). After a median

follow-up of 15 months, 28 % of patients had discontinued

treatment, 16 % due to study drug intolerance. Cytopenias

were common (grade 3/4 thrombocytopenia, 56 %; neu-

tropenia, 61 %) but reversible, and manageable with dose

modification. Pleural effusion occurred in 17 % of patients

(Kantarjian et al. 2007). Most cases of pleural effusion

observed across the START studies were managed with

temporary dose interruption, diuretics, or pulse steroid

therapy (Apperley et al. 2009; Cortes et al. 2007a; Hoch-

haus et al. 2007; Kantarjian et al. 2007). In the START-C

and START-R trials, patients received dasatinib at 70 mg

twice daily, which is higher than the current recommended

dose for CML-CP (100 mg once daily). It may therefore be

expected that the frequency of AEs and the rate of dis-

continuation due to study drug intolerance might be higher

than expected in these trials compared with patients

receiving the current recommended dose for CML-CP.

A single institution subgroup analysis of 138 patients

treated with dasatinib in the phase I dose-escalation study

and phase II START trials showed that 29 % of patients

with CML-CP developed pleural effusion (Quintás-Card-

ama et al. 2007). Patients receiving 100 mg once-daily

dasatinib had a lower incidence of pleural effusion com-

pared with patients receiving 50 or 70 mg twice daily, or

140 mg once daily, while efficacy remained consistent

across all four dosing schedules. Furthermore, a separate

analysis indicated that intermittent dosing of dasatinib at

100 mg per day for 5 days per week, including a weekend

drug holiday where dasatinib was not taken, led to reduc-

tions in the rate and severity of AEs including fluid

retention and pleural effusion, while efficacy and disease

control were maintained (La Rosée et al. 2013). An

Table 3 Efficacy data from the DASISION phase III trial of first-line dasatinib versus first-line imatinib in patients with newly diagnosed CML-

CP after a minimum follow-up of 2 years (Kantarjian et al. 2012)

Treatment arm n Patients, %

CCyR cCCyR MMR MR4 MR4.5 PFSa FFSb OS

Dasatinib 100 mg once daily 259 86 80 64 29 17 94 91 95

Imatinib 400 mg once daily 260 82 74 46 19 8 92 88 95

AP accelerated phase, cCCyR confirmed CCyR (CCyR on two separate assessments 28 days apart), CCyR complete cytogenetic response, CHR

complete hematologic response, CP chronic phase, FFS failure-free survival, MCyR major cytogenetic response, MMR major molecular

response, MR4 BCR–ABL B0.01 % (C4-log reduction in BCR–ABL levels), MR4.5 BCR–ABL B0.0032 % (C4.5-log reduction in BCR–ABL

levels), OS overall survival, PCyR partial cytogenetic response, PFS progression-free survival
a Definition of disease progression: development of CML-AP/BP, doubling of white blood cell count to [20 9 109/L in the absence of CHR,

loss of CHR, increase in Ph? bone marrow metaphases to [35 %, death from any cause
b Definition of failure: no hematologic response by 3 months, no CHR or cytogenetic response by 6 months, no PCyR by 12 months, or no

CCyR by 18 months, or progression as defined above
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analysis of risk factors for pleural effusion in patients

treated with second-line dasatinib identified prior history of

cardiac disease (p = 0.02), hypertension (p = 0.01), and

twice-daily dosing schedule (p = 0.05) to be associated

with an increased risk of pleural effusion (Quintás-Card-

ama et al. 2007). In a separate analysis, older age was the

only baseline characteristic associated with an increased

risk of pleural effusion (Porkka et al. 2010). The devel-

opment of lymphocytosis during dasatinib treatment was

associated with a 1.7-fold increased risk of pleural effusion

(95 % CI, 1.1–2.5) (Porkka et al. 2010).

The second-line, phase III dose-optimization study

indicated that dasatinib 100 mg once daily was associated

with reduced frequency of AEs compared with twice-daily

dosing regimens in patients with CML-CP, while efficacy

was maintained (Porkka et al. 2010; Shah et al. 2008a,

2012). With a minimum follow-up of 6 months, patients

receiving dasatinib 100 mg once daily had lower rates of

pleural effusion and grade 3/4 thrombocytopenia compared

with patients receiving 70 mg twice daily (7 vs 16 % and

22 vs 37 %, respectively) (Shah et al. 2008a). Fewer

patients receiving dasatinib 100 mg once daily required

dose interruptions (51 vs 68 %), dose reductions (30 vs

55 %), or discontinuation (16 vs 23 %) (Shah et al. 2008a).

With a minimum follow-up of 24 months, 14 % of patients

receiving dasatinib 100 mg once daily developed pleural

effusion, compared with 25 % of patients receiving 70 mg

twice daily (Porkka et al. 2010). Improved tolerability of

once-daily dosing may be due to intermittent dasatinib

exposure in comparison with continuous exposure achieved

by twice-daily dosing (Porkka et al. 2010). After a mini-

mum follow-up of 5 years, grade 3/4 hematologic AEs in

the 100 mg once-daily arm included neutropenia (36 %)

and thrombocytopenia (24 %). Any-grade nonhematologic

AEs included headache (33 %), diarrhea (28 %), fatigue

(26 %), and pleural effusion (24 %) (Shah et al. 2012).

Grade 3/4 cytopenias and any-grade nonhematologic AEs

generally first occurred within 12–24 months of treatment

(Shah et al. 2012).

In the first-line setting, similar AEs were observed.

Treatment-related AEs led to the discontinuation of da-

satinib in 7 % of patients (Kantarjian et al. 2012). Grade

3/4 hematologic AEs were relatively common in patients

with CML-CP receiving dasatinib (100 mg once daily) or

imatinib (400 mg once daily) in DASISION, after a mini-

mum follow-up of 24 months (neutropenia: 24 vs 21 %;

thrombocytopenia: 19 vs 11 %; anemia: 11 vs 8 %)

(Kantarjian et al. 2012). Severe biochemical abnormalities

were uncommon with the exception of grade 3/4 hypo-

phosphatemia (dasatinib arm, 7 %; imatinib arm, 25 %)

(Kantarjian et al. 2012). The most common nonhemato-

logic AEs in DASISION (all grades, dasatinib vs imatinib)

were myalgia (22 vs 39 %), diarrhea (19 vs 21 %), pleural

effusion (14 vs 0 %), headache (13 vs 11 %), superficial

edema (11 vs 36 %), rash (11 vs 17 %), and nausea (10 vs

23 %) (Kantarjian et al. 2012). Grade 3/4 nonhematologic

AEs associated with dasatinib were uncommon at 0–2 %

(fluid retention, 2 %; pleural effusion, 1 %; diarrhea,

\1 %; fatigue, \1 %) (Kantarjian et al. 2012). In DASI-

SION, at 1-year follow-up, 26 patients (10 %) had pleural

effusion; all events were grade 1 (2 %) or grade 2 (8 %)

(Kantarjian et al. 2010). By 2-year follow-up, pleural

effusion events had occurred in 37 patients (14.3 %) and

were generally mild-to-moderate in severity (grade 1:

n = 9, 3.5 %; grade 2: n = 26, 10.1 %; grade 3: n = 2,

0.8 %) with no grade 4 events observed. Events were lar-

gely manageable with treatment interruption (n = 30),

dose reduction (n = 19), or the use of diuretics (n = 17) or

corticosteroids (n = 15). Four patients required a thera-

peutic thoracentesis. At 2-year follow-up, five patients

(1.9 %) had discontinued dasatinib due to pleural effusion.

Notably, the occurrence and management of pleural effu-

sion appeared not to affect the efficacy of dasatinib (Kan-

tarjian et al. 2012; Laneuville et al. 2011).

In some patients receiving dasatinib, large granular

lymphocyte (LGL) expansions carrying clonal T-cell

receptor gene arrangements occur resulting in lymphocy-

tosis (Kreutzman et al. 2010). Data from a retrospective

analysis of patients enrolled in DASISION suggested that

dasatinib-treated patients with lymphocytosis had higher

rates of any-grade pleural effusion and lower rates of

myalgias and arthralgias compared with patients without

lymphocytosis (Schiffer et al. 2010a). In a separate analysis

of pooled study data, 31 % of patients with CML-CP had

lymphocytosis, which was associated with a higher rate of

CCyR and longer PFS in patients with advanced disease

(Schiffer et al. 2010b). However, no formal statistical

testing has been reported for either of these analyses. A

subanalysis of DASISION demonstrated no substantial

effects of baseline cardiovascular conditions, other

comorbidities, or use of baseline medications on the side

effects of dasatinib (Guilhot et al. 2010; Khoury et al.

2010; Saglio et al. 2010c).

More recently, rare cases of PAH in patients receiving

dasatinib for CML and Ph? ALL have been reported in the

literature (n = 16) (Dumitrescu et al. 2011; Hennigs et al.

2011; Mattei et al. 2009; Montani et al. 2012; Orlandi et al.

2011; Philibert et al. 2011; Rasheed et al. 2009; Sano et al.

2012). By 2-year follow-up of the phase III DASISION

trial of dasatinib versus imatinib in newly diagnosed CML-

CP, three patients receiving dasatinib developed PH;

however, no cases of PAH diagnosed by right heart cath-

eterization (RHC) were recorded (Kantarjian et al. 2012).

No patient in DASISION discontinued dasatinib therapy

because of PH or PAH (Kantarjian et al. 2012). PAH

observed in patients receiving dasatinib is not typical, as
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this disease is normally progressive, including cases with a

drug-induced etiology which do not reverse on treatment

withdrawal (Galiè et al. 2009; McLaughlin et al. 2009). To

date, however, the typical clinical course for dasatinib-

associated cases of PAH is improvement or complete res-

olution in the majority of cases upon withdrawal of

treatment.

Guidelines for the management of AEs occurring in

patients receiving dasatinib treatment are largely based on

the experience of clinicians treating patients in early clin-

ical trials (Khoury et al. 2009; Quintás-Cardama et al.

2008). For most AEs occurring in patients receiving da-

satinib treatment, guidelines recommend dose interruption

or dose reduction (NCCN v4. 2013; Sprycel� BMS 2013).

Early studies showed that cytopenias were usually revers-

ible and effectively managed with dose interruption or

reduction, with a minority of cases requiring blood trans-

fusions or hospitalization (Apperley et al. 2009; Brave

et al. 2008; Cortes et al. 2007a, 2008; Guilhot et al. 2007;

Hochhaus et al. 2007; Ottmann et al. 2007; Quintás-

Cardama et al. 2009b; Serpa et al. 2010; Shah et al. 2008a).

In one study, cytopenias resolved in 60 % of patients upon

interruption (Talpaz et al. 2006); in another study, perma-

nent discontinuation was required in only 1 % (Brave et al.

2008). If hematologic AEs occur in patients receiving da-

satinib, treatment should be interrupted until the absolute

neutrophil count is C1.0 9 109/L and platelets C50 9 109/

L. Dasatinib can then be resumed at the original dose if

recovery occurs within 7 days or at a reduced dose of

80/50 mg/day if recovery takes longer than 7 days or if the

event was a second/third recurrence. Although not yet

licensed in all regions, growth factor support may also be

useful for managing hematologic AEs (NCCN v4. 2013;

Quintás-Cardama et al. 2009b; Shah et al. 2008a; Sprycel�

BMS 2013). If a severe nonhematologic AE (grade 3/4)

develops, guidelines indicate that dasatinib be withheld

until resolution or improvement. Treatment can then be

resumed at a reduced dose dependent on initial severity of

the event (NCCN v4. 2013; Sprycel� BMS 2013). Early

reports indicate that most nonhematologic AEs, including

neuropathy, dyspnea, elevated liver enzymes, headache,

bone pain, rash, renal failure, cardiac abnormality, infec-

tions, pancreatitis, and diarrhea, were effectively managed

with dose reductions or interruptions (Apperley et al. 2009;

Cortes et al. 2008; Hochhaus et al. 2007; Serpa et al. 2010).

Consistent with reports, guidelines indicate that most

pleural effusion events can be managed through dose

reduction or interruption, and/or corticosteroids and

diuretics, with a minority of cases requiring thoracentesis,

oxygen therapy, or pleurodesis (Brave et al. 2008; Cortes

et al. 2007a, 2008; Guilhot et al. 2007; Hochhaus et al.

2007; Kantarjian et al. 2012; Laneuville et al. 2011; Shah

et al. 2008a; Talpaz et al. 2006). Once resolved, treatment

can be resumed at the same or at a reduced dasatinib dose

depending on event severity. A retrospective analysis of an

intermittent treatment schedule of dasatinib at different

doses demonstrated a reduction in the grade of pleural

effusion and in hematologic toxicity without compromising

efficacy (La Rosée et al. 2013). Other fluid retention events

can be managed with diuretics and supportive care. To

reduce the risk of PAH, patients should be evaluated for

signs and symptoms of underlying cardiopulmonary dis-

ease before initiating dasatinib treatment. Upon confirma-

tion of a PAH diagnosis based on RHC, guidelines indicate

that dasatinib should be permanently discontinued (NCCN

v4. 2013; Sprycel� BMS 2013). PAH may be at least

partially reversible upon treatment discontinuation. For

bleeding events, recommended management steps include

dose interruption and transfusion (Quintás-Cardama et al.

2009a; Sprycel� BMS 2013). Rash may be managed with

topical or systemic steroids, in addition to dose reduction,

interruption, or discontinuation. Specific supportive medi-

cation is also indicated in case of headache and diarrhea

(NCCN v4. 2013; Sprycel� BMS 2013). A subanalysis of

DASISION showed that dose modifications taken to man-

age AEs had no apparent effect on response (Jabbour et al.

2011).

Conclusions

Dasatinib has superior efficacy over imatinib and man-

ageable side effects in first-line and second-line treatment

of patients with CML. The potent, multi-targeted activity

of dasatinib may contribute to the depth and speed of

response achieved with this agent. Dasatinib’s potential

immune activity may play a role in the observed potency

and requires further investigation. These factors may also

play a role in the safety profile and the AEs observed in

patients receiving dasatinib.

In exploratory analyses, a greater proportion of patients

achieved early, deep molecular responses (B10 % BCR–

ABL at 3 months) with dasatinib compared with imatinib.

Earlier, deeper responses with either TKI were associated

with improved response and survival and decreased trans-

formation to AP/BP. With significantly deeper levels of

molecular response achieved at all time points with up to

2-year follow-up in DASISION, more patients receiving

dasatinib versus imatinib may achieve undetectable levels

of BCR–ABL transcripts and a complete molecular

response. Second-generation BCR–ABL inhibitors have

also demonstrated some activity against CML stem cells,

providing support for future investigation into dasatinib in

achieving a molecular cure (Defina et al. 2012; Hiwase

et al. 2010; Mustjoki et al. 2011). A phase II study is

currently investigating whether CML-CP patients with a
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sustained complete molecular response (12 months;

B0.0032 % or 4.5-log reduction of BCR–ABL transcript

from standardized baseline) on dasatinib maintain unde-

tectable or minimally detectable BCR–ABL residual dis-

ease upon treatment discontinuation (BMS 2013a).

With changing treatment goals supporting earlier, dee-

per responses, it is reasonable to suggest that second-gen-

eration BCR–ABL inhibitors are likely to be used more

frequently as a first-line treatment option in patients with

newly diagnosed disease, dependent on existing patient

comorbidities and BCR–ABL mutation status (if known).

The speed of response achieved with second-generation

BCR–ABL inhibitors may also allow the early identifica-

tion of a subset of patients resistant to BCR–ABL inhibitor

treatment who may benefit from alternate therapy (stem

cell transplant or clinical trials).

The loss of patent exclusivity for imatinib in 2015

(USA) and 2016 (EU) may influence first-line treatment

selection. With this potential for increased use of imatinib,

it will be important to closely monitor patient response to

ensure early milestones are achieved. Data are emerging to

evaluate the potential benefit of a change in treatment for

patients failing to reach certain levels of response (B10 %

BCR–ABL by 3 months) (Hanfstein et al. 2012; Marin

et al. 2012a, b). Based on these retrospective analyses, the

NCCN guidelines recommend, among several proposed

therapies, a change in treatment for patients with [10 %

BCR–ABL at 3 months (NCCN v4. 2013). However, there

is no data yet showing that such an early change in TKI

therapy will improve outcome. A phase II study comparing

dasatinib 100 mg once daily to imatinib standard of care in

patients failing to achieve an optimal response of B10 %

BCR–ABL after 3 months of imatinib 400 mg/day is cur-

rently in progress (BMS 2013b). This study will test the

hypothesis that changing to dasatinib treatment in this

patient population will induce an improved response rate

(primary end point, MMR at 12 months) compared with

continuing imatinib at any dose. Whether this would be

associated with differences in long-term outcomes (event-

free survival, PFS, OS) remains to be proven.

With the growing number of BCR–ABL inhibitors

available for patients with CML-CP and the lack of head-

to-head clinical trials across second-generation BCR–ABL

inhibitors, choosing a treatment requires consideration on a

patient-to-patient basis, and therefore, information regard-

ing the efficacy and use of these agents in the real-world

setting is of increasing interest. An observational 5-year

prospective cohort study (BMS 2013c) has been initiated to

further understand the use of dasatinib, imatinib, and nil-

otinib in patients with newly diagnosed CML-CP including

response, outcomes, treatment adherence, and patient

quality of life. Data are anticipated to provide additional

information to help guide initial treatment selection.
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Abstract

BACKGROUND—The incidence, dynamics, and management of cytopenias were investigated in 

patients with chronic myeloid leukemia in chronic phase (CP CML) who received dasatinib 

therapy after imatinib failure.

METHODS—Data were analyzed from 130 patients with CP CML who were treated with 

dasatinib from November 2003 to March 2006 in phase 1 (n = 22) or phase 2 or 3 (n = 108) 

studies for the development of grade 2 to 4 cytopenia (according to the National Cancer Institute 

Common Terminology Criteria [version 3.0]).

RESULTS—Grade 2 to 4 neutropenia and/or thrombocytopenia occurred in 94 (72%) patients 

during dasatinib therapy and grade 3 to 4 occurred in 67 (52%) patients. Of the 94 patients who 

developed grade 2 to 4 neutropenia and/or thrombocytopenia, 64 (68%) also developed at least 

grade 2 anemia, and 16 (17%) developed grade 3 to 4 anemia. Management of cytopenias included 

transient dasatinib interruption in 35 (37%) patients, filgrastim in 12 (14%) patients, recombinant 

erythropoietin in 29 (45%) patients, and interleukin-11 in 3 (5%) patients. Factors associated with 

an increased risk for developing grade 2 to 4 cytopenias were longer time from diagnosis to 

treatment, prior interferon or imatinib therapy, and a lower white blood cell count at the initiation 

of dasatinib therapy.

CONCLUSIONS—Hematologic toxicity was frequent during dasatinib therapy in patients with 

CP CML, particularly at doses >100 mg daily. Treatment interruption and/or dose reduction as 

well as growth factor support were found to be safe and efficacious strategies to facilitate the 

continuous administration of dasatinib.
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Dasatinib is a tyrosine kinase inhibitor (TKI) with potent activity against BCR-ABL1 kinase 

(IC50 < 1 nM).1 Therapy with this agent is associated with remarkable response rates and 

tolerability in patients with chronic myeloid leukemia (CML).2 In phase 2 studies, dasatinib 

administered at a dose of 70 mg twice daily to patients in chronic phase (CP) with resistance 

or intolerance of imatinib therapy rendered a complete hematologic response (CHR) in 

>90% of patients, whereas a major (MCyR) and a complete cytogenetic response (CCyR) 

was achieved by 55% and 44% of patients, respectively, after 24 months of follow-up.3 

Nonhematologic adverse effects, although relatively frequent during dasatinib therapy, are 

usually mild and manageable. In a dose-finding study of dasatinib in patients with CML, the 

most frequent nonhematologic toxicities were diarrhea (23%), peripheral edema (19%), 

pleural effusion (18%), and headache (10%).2 By contrast, grade ≥3 neutropenia (absolute 

neutrophil count [ANC] <109/L) or thrombocytopenia (platelet count <50 × 109/L) have 

been observed in 45% and 35% of patients with CP CML, respectively.2 The incidence of 

grade 3 to 4 hematologic toxicity is remarkably higher in patients with more advanced 

stages of the disease. Hematologic toxicity requires transient interruptions of dasatinib 

therapy in approximately 60% of patients, and this toxicity frequently resolves within 3 

months, in many cases accompanied by cytogenetic response.2 The current management of 

patients with CML who develop grade ≥3 neutropenia or thrombocytopenia during dasatinib 

therapy involves transient drug interruption, followed by dose reduction when the recovery 

of cytopenias requires >2 weeks. However, dose interruptions and reductions may 

jeopardize the achievement of MCyR because they reduce dasatinib exposure/dose intensity.

A strategy to overcome the development of hematologic toxicity and to maximize imatinib 

exposure in patients with CML consists of the use of growth factors tailored to specific 

cytopenias.4–6 For example, granulocyte–colony-stimulating factor (G-CSF) reduces the 

severity of chemotherapy-associated neutropenia in patients with solid tumors and 

lymphomas,7 and accelerates neutrophil regeneration in patients with acute myeloid 

leukemia.8 G-CSF has also been shown to overcome imatinib-induced neutropenia in 

patients with CP CML.4 Interleukin-11 (IL-11) is a megakaryopoietic cytokine that reduces 

the incidence and severity of thrombocytopenia associated with chemotherapy in solid 

tumors and CML.5 Finally, recombinant human erythropoietin (rh-Epo) has been 

administered to patients with CML who developed anemia while receiving imatinib 

therapy.6

In the current study, we determined the incidence of hematologic toxicity among patients 

with CP CML who received therapy with dasatinib in phase 1 and 2 studies at our 

institution. More importantly, we evaluated the dynamics, duration, and recurrence of 

cytopenias during dasatinib therapy as well as the outcome of patients who received 

supportive therapy with growth factors to ameliorate dasatinib-induced cytopenias.
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MATERIALS AND METHODS

Study Design and Dasatinib Therapy

We investigated adult patients with a diagnosis of Philadelphia (Ph)-positive CP CML who 

were either newly diagnosed or resistant or intolerant to imatinib therapy and were receiving 

treatment in open-label phase 1, 2, or 3 studies of dasatinib conducted at The University of 

Texas M. D. Anderson Cancer Center (MDACC). Studies were approved by the institutional 

review board and conducted in accordance with the Declaration of Helsinki. All patients 

provided written informed consent before study entry. Patients aged ≥18 years were eligible 

if they had imatinib-intolerant or imatinib-resistant CP CML. Patients enrolled in the phase 

1 study received dasatinib at doses ranging from 15 mg to 180 mg, which were administered 

as a single or divided dose on either a 5-days-on/2-days-off, 6-days-on/1-day-off, or 

continuous schedule. In phase 2 studies, dasatinib was administered on 4 oral schedules: 50 

mg twice daily, 70 mg twice daily, 100 mg daily, and 140 mg daily (Table 1).

Dasatinib Dose Modifications

Therapy with dasatinib could be interrupted and/or reduced in response to the development 

of grade 3 to 4 hematologic toxicity. Dasatinib was discontinued in the event of grade 3 to 4 

neutropenia until an ANC >1.0 × 109/L was reached, and reinitiated at the same dose if the 

recovery occurred within 7 days or at the next lower dose level if this recovery occurred 

after 7 days. If a second episode of grade 3 to 4 neutropenia occurred, a second dose 

reduction was allowed. If grade 4 thrombocytopenia occurred during the first 2 months of 

therapy, dasatinib was interrupted until a platelet count >50 × 109/L was reached and then 

resumed at the same dose. If a second episode of grade 4 thrombocytopenia occurred, 

dasatinib dose was reduced at the next lower dose level. A second dose level reduction was 

allowed in the event of a second episode of grade 4 thrombocytopenia. When grade 3 to 4 

thrombocytopenia occurred past the second month of therapy, dasatinib was interrupted until 

a platelet count >50 × 109/L was reached. Dose escalation was allowed in patients who 

failed to achieve a CHR after 1 month, a CCyR after 3 months of therapy, or whenever loss 

of response was documented. Dasatinib was interrupted if the toxicity was deemed 

unacceptable or in the event of disease progression despite dose escalation. Other anti-

leukemic therapies were not permitted except for anagrelide and hydroxyurea for the 

treatment of elevated platelet (>700 × 109/L) and white blood cell (WBC) counts (>50 × 

109/L), respectively, for a maximum of 2 weeks. Administration of colony-stimulating 

factors and/or rh-Epo and/or IL-11 was left to the discretion of the investigator.

Patient Monitoring

Complete blood counts were performed weekly for the first 12 weeks and every 3 months 

thereafter. Cytogenetic and hematologic responses to dasatinib were assessed by bone 

marrow biopsies and aspirates every 12 weeks. Assessment of dasatinib toxicities included a 

physical examination conducted weekly for the first month and every 4 weeks thereafter. 

Response criteria have been detailed in previous studies.9 Briefly, a CHR required 

normalization for at least 4 weeks of the bone marrow (<5% blasts) and peripheral blood 

with a leukocyte count <10 × 109/L without blasts, promyelocytes, or myelocytes and a 

platelet count <450 × 109/L, in addition to the disappearance of all signs and symptoms of 
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CML. Patients who achieved a CHR were further categorized according to cytogenetic 

response as follows: no cytogenetic response (Ph-positive 100%), minor cytogenetic 

response (Ph-positive 36%–90%), partial cytogenetic response (PCyR; Ph-positive 1%–

35%), and CCyR (Ph-positive 0%). An MCyR encompassed CCyR and PCyR (ie, Ph-

positive <35%). To determine molecular responses to dasatinib, BCR-ABL1 transcripts in 

peripheral blood were evaluated using quantitative reverse transcriptase–polymerase chain 

reaction at baseline and every month while the patient was on the study and compared with 

levels of total ABL1 transcripts. Adverse affects were evaluated at each visit and graded 

according to the National Cancer Institute Common Terminology Criteria (version 3.0).

Statistical Analysis

Univariate and multivariate analyses were performed to identify potential prognostic factors 

associated with the development of cytopenia. The chi-square test and the Mann-Whitney U 

test were used to identify prognostic factors, which were subsequently included as variables 

in a multivariate regression model for the development of cytopen. Multivariate analysis 

used the multivariate logistic regression model.

RESULTS

Study Group

We evaluated 130 patients with CP CML who were treated with dasatinib from November, 

2003 to March, 2006 at the University of Texas M. D. Anderson Cancer Center, including 

22 patients who were treated in a phase 1 study and 108 who treated in phase 2 or 3 studies 

(42 of them in a phase 2 frontline study for newly diagnosed patients). The median age of 

the patients was 54 years (range, 19 years–81 years), and the median time from CML 

diagnosis to the initiation of dasatinib therapy was 39 months (range, 0 months–207 

months). Eighty-eight patients (68%) had received prior therapy with imatinib for a median 

of 31 months (range, 1 month–77 months). Imatinib therapy was withdrawn in 88% of 

patients due to imatinib resistance, whereas 12% of patients exhibited imatinib intolerance. 

Other prior therapies included interferon-α in 42 (48%) patients, homoharringtonine in 11 

(13%) patients, and farnesyl transferase inhibitors or nilotinib in 5 (6%) patients each. 

Dasatinib therapy was administered for a median of 57 weeks (range, 4 weeks–204 weeks).

Dasatinib Therapy and Incidence of Neutropenia and Thrombocytopenia

Clinical characteristics of the patients who developed cytopenia during dasatinib therapy are 

summarized in Table 2. Ninety-four (72%) patients developed at least 1 episode of grade 2 

to 4 neutropenia and/or thrombocytopenia during dasatinib therapy, including 67 (52%) 

patients in whom the toxicities were grade 3 or 4. The initial dasatinib dose in patients who 

developed grade 3 to 4 cytopenia was 70 mg twice daily in 23 (34%) patients, 140 mg once 

daily in 8 (12%) patients, 50 mg twice daily in 8 (12%) patients, 100 mg once daily in 16 

(24%) patients, >140 mg daily in 3 (4%) patients, and <100 mg daily in 9 (13%) patients. 

Grade 2 to 4 neutropenia was reported in 83 (65%) patients, and was grade 2 in 35 (28%) 

patients, grade 3 in 32 (25%) patients, and grade 4 in 18 (14%) patients (Figure 1). Grade 2 

to 4 thrombocytopenia occurred in 54 (42%) patients, being grade 2 in 13 (10%) patients, 

grade 3 in 27 (21%) patients, and grade 4 in 14 (11%) patients. Forty-four (34%) patients 
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developed concomitant grade 2 to 4 neutropenia and thrombocytopenia, being 

simultaneously grade 3 to 4 in 25 (19%) patients (Fig. 1). The median time from dasatinib 

therapy to the development of neutropenia was 42 days (range, 2 days–415 days), whereas 

the development of the first episode of thrombocytopenia occurred after a median of 31 days 

(range, 4 days–176 days) from the initiation of dasatinib. Grade 2 to 4 neutropenia or 

thrombocytopenia was recurrent in all but 11 (12%) patients. The development of a first 

episode of grade 2 to 4 neutropenia or thrombocytopenia occurred within the first 90 days of 

therapy in 82 (87%) patients, including 50 (53%) within the first 30 days. Among those with 

a first occurrence before Day 90, 10 (12%) patients had no further myelosuppression after 

Day 90, whereas the remainder had recurrent episodes. Notably, despite the relatively high 

incidence of grade 2 to 4 neutropenia, only 1 patient was hospitalized due to neutropenic 

fever resulting from pneumonia. The administration of intravenous antibiotics and G-CSF 

resulted in prompt recovery of a normal ANC, which facilitated continuation of dasatinib 

therapy.

Management of Dasatinib-Induced Neutropenia and Thrombocytopenia

The management of neutropenia and/or thrombocytopenia associated with dasatinib therapy 

involved transient treatment interruptions as well as the use of growth factors. Dasatinib 

interruptions were required during the course of therapy due to grade 3 to 4 neutropenia or 

thrombocytopenia in 35 (37%) patients. Of these, 16 (46%) patients required dasatinib dose 

reductions a median of 2 times (range, 1 time–4 times). Among patients who required 

treatment discontinuation, the median time off dasatinib was 24 days (range, 4 days–217 

days). Twelve patients received therapy with G-CSF (filgrastim) at doses of 300 μg or 480 

μg daily administered for 2 to 7 days per week. G-CSF therapy was initiated after a median 

of 80 days (range, 11 days–495 days) from the initiation of dasatinib. The G-CSF dose was 

adjusted to maintain an ANC >1.0 × 109/L. The median ANC at the time G-CSF was 

initiated was 0.75 × 109/L (range, 0.3 × 109/L –0.9 × 109/L). G-CSF was administered 

concomitantly with dasatinib therapy in 6 (50%) of 12 patients. All patients responded to G-

CSF therapy, reaching an ANC >2.0 × 109/L after a median of 12 days. From the initiation 

of dasatinib therapy to the start of G-CSF, patients had been off dasatinib a median of 41% 

of the total treatment time compared with 21% after the initiation of G-CSF (P = .08). The 

combination of dasatinib and G-CSF was well tolerated in all cases. Before the 

administration of G-CSF, none of the 12 patients treated had achieved a MCyR. In contrast, 

after the initiation of G-CSF therapy, 5 of 9 evaluable patients improved their cytogenetic 

response, including 1 patient with MCyR and 1 with CCyR.

Three patients who developed grade 3 to 4 dasatinib-induced thrombocytopenia received 

growth factor support with IL-11. Initially, IL-11 was administered at a dose of 10 μg/kg 3 

times per week. In 2 of these patients, IL-11 was administered concomitantly with dasatinib 

therapy. None of these patients had required platelet transfusion. After the initiation of IL-11 

therapy, 2 patients acheived a platelet count >100 × 109/L, which occurred 94 days and 125 

days, respectively, after IL-11 therapy was initiated. One other patient developed protracted 

thrombocytopenia in spite of the administration of IL-11, which led to the termination of 

dasatinib therapy.
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Incidence and Management of Dasatinib-Induced Anemia

Of the 94 patients who developed grade 2 to 4 neutropenia or thrombocytopenia, 64 (68%) 

developed grade 2 to 4 anemia, and 15 (16%) developed grade 3 to 4 anemia. In these 

patients, the median time from the initiation of dasatinib therapy to the development of 

grade 3 anemia was 16 days (range, 3 days–182 days). Twenty-nine (45%) patients received 

growth factor support with rh-Epo, including both epoetin-α (n = 22) and darbepoetin-α (n = 

7). Therapy with rh-Epo was titrated to maintain a hemoglobin level >10 g/dL. Of the 29 

patients who received rh-Epo therapy, 23 (79%) experienced increments of their hemoglobin 

levels >2 g/dL. The median time to achieve a hemoglobin increment ≥2 g/dL was 17 days 

(range, 7 days–84 days). However, 7 of the patients receiving rh-Epo support required 

concomitant transfusions of packed red blood cells (PRBC). In this subset of patients, the 

median number of transfused PRBC units was 4 (range, 2 units–10 units).

Relation Between the Development of Cytopenia and Dasatinib Dose Schedule

Because different dasatinib dose schedules were used in the phase 1, 2, and 3 studies, we 

investigated the impact of these variables on the development of cytopenia (Table 3). Of 90 

patients who received an initial daily dose of ≤100 mg, 57 (63%) developed grade 2 to 4 

cytopenia, compared with 37 (92%) of 40 patients who were given dasatinib at an initial 

dose of >100 mg (P = .001). Of the 42 newly diagnosed patients who received single-agent 

dasatinib therapy as frontline therapy, 31 (74%) developed grade 2 to 4 cytopenia. Of these 

31, 16 patients received dasatinib at a dose of 50 mg twice daily and 15 received dasatinib at 

a dose of 100 mg daily.

On univariate analysis, variables associated with a higher risk of the development of 

cytopenia included longer time from diagnosis to treatment, prior interferon or imatinib 

therapy, and a lower WBC (Table 4). A multivariate analysis did not identify any 

independent risk factors, most likely because of the high incidence of events.

DISCUSSION

Dose-dependent hematologic toxicity, frequently affecting several hematopoietic lineages, is 

a common adverse effect of imatinib therapy in patients with CML.10 The main objective of 

the current study was to study the dynamics of cytopenias associated with dasatinib therapy 

and the efficacy of different management strategies to overcome this adverse event. Because 

the majority of patients with advanced phase CML (accelerated phase or blastic phase) have 

cytopenias even before the initiation of therapy, we focused our investigation on 130 

consecutive patients with CP CML who had failed imatinib and subsequently received 

dasatinib either on an open-label phase 1 study (n = 22) or on phase 2 or 3 studies (n = 108). 

Hematologic toxicity was relatively frequent, but this was generally manageable with 

transient dasatinib interruptions, dose reductions, growth factor support, or combinations 

thereof.

Hematologic toxicity is the most common grade 3 to 4 adverse event reported with imatinib 

therapy, particularly in patients with advanced phase CML. Interestingly, the development 

of new-onset grade 3 to 4 hematologic toxicity decreased drastically after 2 years of imatinib 
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therapy.10 Grade 3 to 4 hematologic toxicity is also the most frequently reported adverse 

event in patients treated with dasatinib after failure of imatinib therapy. In a multinational 

phase 2 study of dasatinib that included 387 patients with CP CML after failure of imatinib 

therapy, grade 3 to 4 neutropenia and thrombocytopenia were reported in 50% and 49%, 

respectively, after 24 months of follow-up.11 In the current study, the development of 

hematologic toxicity during dasatinib therapy was also frequently observed, but this was 

reversible and manageable with dose adjustments and/or transient treatment interruptions. In 

our analysis, the dose and schedule of dasatinib was not identified as a risk factor for grade 2 

to 4 myelosuppression. This was most likely due to the high percentage of patients treated 

with dasatinib as frontline therapy, all of them with a daily dose of 100 mg. These patients 

had a lower incidence of myelosuppression. When using dasatinib after imatinib failure, a 

recent phase 3 study randomized patients to receive dasatinib at either 50 mg or 70 mg twice 

daily or 100 mg or 140 mg once daily.12 In this study, the durations of cytogenetic response 

and progression-free survival were found to be similar across all 4 treatment arms but there 

were significantly fewer cases of grade 3 to 4 neutropenia, thrombocytopenia, and anemia in 

the 100-mg-daily arm compared with the other 3 arms combined.12

To our knowledge, the exact mechanism whereby ABL1 kinase inhibitors induce 

hematologic toxicity has not been completely ascertained. In patients with untreated CML, 

normal hematopoiesis relies mostly on the Ph-positive clones. The brisk clearance of the 

malignant progenitors from the bone marrow by ABL1 kinase inhibitors is believed to lead 

to a scenario in which the remainder of the Ph-negative progenitors would be rendered 

insufficient to sustain normal blood production. Similar to imatinib,13 dasatinib is highly 

selective against Ph-positive bone marrow progenitors with little effect on normal Ph-

negative progenitors. Dasatinib at a concentration of 5 nM was not reported to inhibit the 

growth of bone marrow progenitors isolated from healthy individuals, but inhibited by 60% 

to 80% the growth of bone marrow progenitors isolated from patients with CML, both those 

expressing wild-type BCR-ABL1 and those expressing the mutant M351T isoform.14

The development of dasatinib-induced hematologic toxicity can potentially compromise the 

achievement of clinical responses. Among patients with CP CML who were treated with 

imatinib, the development of grade 3 to 4 neutropenia resulted in a significantly lower 

probability of achieving a CCyR compared with patients who did not have this complication 

(44% vs 62%; P = .03).15 This risk has also been documented for patients who develop 

grade 3 to 4 thrombocytopenia.15 The occurrence of these toxicities within 45 days to 90 

days after the initiation of imatinib therapy was associated with poor survival.16 Both the 

prognostic implications and the decreased probability of the achievement of CCyR 

secondary to the development of hematologic toxicity during imatinib therapy are likely to 

translate to patients receiving dasatinib and, in all likelihood, are a consequence of a lower 

dose intensity secondary to frequent interruptions and/or dose reductions. A potential means 

to overcome dasatinib-induced hematologic toxicity is the use of growth factors. In the 

current study, 12 patients received therapy with G-CSF that was adjusted to maintain an 

ANC >1.0 × 109/L. All patients responded to G-CSF, including 6 who achieved an ANC 

>2.0 × 109/L while receiving uninterrupted dasatinib therapy. The time off dasatinib before 

and after G-CSF therapy was 41% and 21%, respectively (P = .08). In addition, G-CSF 
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therapy was associated with the achievement of MCyR in 2 of 9 evaluable patients. These 

results are in accord with previously reported data derived from patients with CML 

receiving growth factor support for imatinib-induced hematologic toxicity.4,5,17–19 Finally, 

given that potentially serious infections may ensue in the context of grade 3 to 4 

neutropenia, it is remarkable that only 1 patient in the current study required hospitalization 

for neutropenic fever associated with pneumonia. This low rate of infectious complications 

could be due to the prompt administration of G-CSF.

Neither disease progression nor thromboembolic events were observed in any patient 

receiving rh-Epo in the current study. This is particularly important in view of the recent 

public health advisory issued by the US Food and Drug Administration regarding the use of 

erythropoiesis-stimulating agents, based on an increased rate of adverse outcomes in a series 

of trials involving patients with squamous cell carcinoma of the head and neck and 

metastatic non-small cell lung cancer.20,21 Far from promoting disease progression, the use 

of growth factors in the current study was found to hasten the recovery of peripheral blood 

counts in most patients, which resulted in the administration of dasatinib in a more 

continuous manner. In addition, therapy with filgrastim was found to be associated in some 

cases with the achievement of cytogenetic responses (MCyR in 1 patient and CCyR in 1 

patient). However, because G-CSF was initiated soon after the beginning of therapy with 

dasatinib (median, 80 days), we cannot rule out the possibility that these responses might 

have occurred later in the course of treatment regardless of the use of growth factor support. 

The lack of adverse events reported in our trial may be due to the finding that the dosages of 

rh-Epo and G-CSF were adjusted to maintain the lowest hemoglobin and ANC levels needed 

to avoid blood transfusions or infections, respectively.

In conclusion, hematologic toxicity is a frequent occurrence in patients with CP CML who 

are receiving dasatinib. This complication can be readily managed with transient dasatinib 

interruptions and dose adjustments. Most importantly, this complication can be frequently 

overcome by using growth factor support, which in this context, is safe and allows for a 

more continuous dasatinib administration that may result in improved clinical outcomes.
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FIGURE 1. 
Incidence of grade 2 to 4 neutropenia and thrombocytopenia in patients with chronic 

myeloid leukemia in chronic phase who were receiving dasatinib therapy is shown.
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Table 1

Dose Escalation/Reduction of Dasatinib in Phase 1 and 2 Studies in Patients With CML

Phase Dose Level CML Phase

1 CP, AP, BP*

1 15

2 30

3 50

4 75

5 105

6 140

7 180

2 CP, mg bid AP and BP, mg bid

Escalation 1 90 100

Starting dose 70 70

Reduction 1 50 50

Reduction 2 40 40

CML indicates chronic myeloid leukemia; CP, chronic phase; AP, accelerated phase; BP, blastic phase; bid, twice daily.

*
Total daily dose (in milligrams) administered in 1 or 2 doses.
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Table 2

Characteristics of Patients Who Developed Cytopenia During Dasatinib Therapy*

All Patients Grade 2–4
Neutropenia

Grade 2–4
Thrombocytopenia

Grade 2–4
Anemia

Total no. of patients 94 83 54 64

Sex, no. (%)

 Male 39 (41) 35 (37) 24 (26) 24 (25)

 Female 55 (59) 48 (51) 30 (32) 40 (43)

Age, y

 Median 54 54 54 57

 Range 19–81 19–81 19–81 19–81

Prior therapies, no. (range) 1 (0–6) 1 (0–6) 2 (0–4) 2 (0–4)

 Frontline therapy, no. (%) 31 (33) 27 (33) 11 (20) 14 (23)

 Imatinib, no. (%) 63 (67) 56 (67) 43 (80) 47 (77)

 IFN-α, no. (%) 40 (43) 35 (42) 28 (52) 29 (48)

 SCT, no. (%) 2 (2.1) 2 (2.4) 2 (3.7) 2 (3.2)

 FTI, no. (%) 5 (5.3) 5 (6) 2 (3.7) 4 (5.9)

Months on imatinib

 Median 38 36 38 40

 Range 1–77 1–77 1–77 1–77

Reason off imatinib, no. (%)

 Resistance 52 (82) 46 (83) 38 (88) 38 (81)

 Intolerance 11 (18) 10 (17) 5 (12) 9 (19)

Weeks on dasatinib

 Median 109 111 102 106

 Range 4–204 4–204 4–192 4–204

Time from dasatinib to cytopenias, d

 Median 27 42 31 16

 Range 2–415 2–415 4–176 3–182

IFN-α indicates interferon-α; SCT, stem cell transplantation; FTI, farnesyl transferase inhibitors.

*
Toxicities were graded according to the National Cancer Institute Common Terminology Criteria (version 3.0).
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Table 3

Incidence of Grade 3–4 Cytopenia During Dasatinib Therapy by Dasatinib Dose and Daily Schedule*

Type of Cytopenia, No. (%)

Total (n=67) Grade 3–4
Neutropenia

Grade 3–4
Thrombocytopenia

Grade 3–4
Anemia

Dasatinib daily dose

 >140 mg/d 2 (3) 3 (4) 0 (0)

 140 mg/d 22 (33) 20 (30) 5 (7)

 100 mg/d 19 (28) 13 (19) 5 (7)

 <100 mg/d 7 (10) 5 (7) 5 (7)

Schedule

 Once daily 23 (34) 17 (25) 7 (10)

 Twice daily 27 (40) 24 (36) 8 (12)

*
Toxicities were graded according to the National Cancer Institute Common Terminology Criteria (version 3.0).
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