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CARLOS R. OLARTE, mayor de edad, domiciliado en Bogotá D.C., identificado como ap¡trec:e 

al pie de mi firma, como apoderado de NOVARTIS A.G. en Colombia, de acuerdo con poder 

que obra en el expediente, me dirijo respetuosamente a su Despacho en atención al rec¡ueri*lie;rrto 

hecho en el Auto de 18 de junio de 2015, que abrió a pruebas el proceso ad;nitlistrativq de la 
1 referencia, y al requerimiento hecho el19 de junio de 2015 a NOVARTIS DE S.A, 
1 con el fin de aportar uno de los dos informes solicitados por su Despacho a mi re¡>re:sen:tacla en 

los documentos mencionados anteriormente. 

l. Según el auto de 1 8 de junio de 2015, el Despacho le solicitó a NOV ARTIS rerrlifir dos 

informes que debían contener lo siguiente: 

l. "Explique sus planes para abastecer la totalidad del mercado del m<?dicq;71ento 

IMATINJB en el evento en el que no se declare el interés público con fines de l(e<enc<'o 

obligatoria y los demás competidores terminen de salir del mercado. Este doc�Jne<7to 

debe especificar los esquemas de distribución y cobertura del territorio 

0/arteMmue &Asociados LrDA.- Bogotá- Medellin Barranquilla 
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precios que proyectan para esta cobertura en el corto y mediano plazo para el Glivec® 

e� sus distintas presentaciones: y todos los demás aspectos que el titular de la )atente 

considere pertinentes para garantizar el acceso y la satisfacción de la deman�a del 

JMATJNJB. 

2. Presente toda la información que conozca o a la que tenga acceso sobre la 

posibilidad de que existan trazas del polimotfo fJ en otros estados polimórficJos del 

IMATINIB por ejemplo el polimorfo a-, derivados de sus procesos productivJs y la 

posibilidad de que este fenómeno infrinja la patente 29270 que tiene Novartis sJbre la 

forma beta. igualmente, especificar si es posible la existencia pura de cada polimtfo de 

manera independiente en una formulación farmacéutica .. !1. 

2. Con relación al punto 1, sobre los planes de Novartis para abastecer al mercado 

colombiano de IMA TINIB, este será aportado por Novartis de Colombia S.A directamente! 

3. Con relación al punto 2, por favor encuentre adjunta la declaración jurada en inglés de 
1 

Michael Mutz y la traducción oficial al español de la misma. Michacl Mutz es Senior Fellow en 

química del estado sólido de Novartis AG en Basilea, Suiza. Ha dedicado el ejercicij de su 

carrera al estudio del polimorfismo y la caracterización de los estados sólidos de los comJuestos 

químicos en el desarrollo de fármacos. 

4. La declaración jurada de Michael Mutz presenta un recuento sobre (i) el fenómeno de las 

estructuras cristalinas y el polimorfismo de manera general; (ii) los métodos de identifica!ión de 

polimorfos; (iii) los polimorfos conocidos de mesilato de Imatinib y los procesos Jara su 

preparación; (iv) los posibles métodos para la producción del polimorfo a • o una form1lación 

farmaci:utica que contenga el polimorfo a, que además produzca el polimorfo P u otro poli
1
morfo; 

y (v) la posibilidad de que el polimorfo a se convierta en el polimorfo p. En virtuq de lo 
• 1 

antenor, el contenido de la declaración responde a la solicitud de presentar toda la información 

que tiene mi representada sobre la posibilidad de que existan trazas del polimorfo p eh otros 

estados polimórficos del lmatinib, incluyendo a la forma .a; así como también la posibili�ad de 

que exista cada polimorfo de manera independiente, tanto en la producción de la sustanciJ activa 

como en la producción de formulaciones farmacéuticas. 

1 Comité Técnico para la Declaratoria de Interés Público del Ministerio de Salud y Protección Social, Auto de 18 de 
{unio de 2015, Artículo 3, Pág. 2. 1 

Comité Técnico para la Declaratoria de Interés Público del Ministerio de Salud y Protección Social. Comunicación 
dirigida a Novartis de Colombia S.A. 19 de junio de 2016. Pág. l. 
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5. La declaración jurada de Michael Mutz no responde al requerimiento de su Despacho 

sobre si constituye o no una infracción a la patente 29270 el hecho que existan trazaJ del 

polimorfo p en otros estados polimórficos del Imatinib por ejemplo en el polimorfo a.ll Lo 
anterior se debe a que las calificaciones del doctor Mutz no le permiten hacer esta afinn ción 

jurídica en uno u otro sentido con relación a ese particular aspecto. 

j 6. No obstante, con el ánimo de cumplir a satisfacción con lo requerido, y tratándose d una 

respuesta de contenido jurídico relacionada al derecho de patentes, como apoderado de NoJartis 

AG para asuntos relacionados con patentes, me permito manifestar que Novartis considerJ que 

existirá una infracción a su Patente 29270 cuando se identifique la presencia de trazal del 

polimorfo P del mesilato de lmatinib en otras formas polimórficas del mesilato de lmJtinib 

dentro del limite de detección (LOO) del método de identificación usado para el análisis. 

7. El doctor Mutz indica en su declaración que los métodos de identificación de polimorfos, 

en general permiten determinar también la cantidad de éstos en una muestra, siempre Jue la 

cantidad presente sea mayor que el límite de detección (LOO) de la técnica utilizada. Cada 

técnica analítica tiene un LOD, que es la cantidad más baja de una substancia distinguible en la 

muestra. Por ejemplo, si una técnica particular tiene un LOO 5%, esta técnica podría 
1 

inequívocamente identificar el polimorfo en una muestra que contiene 50%, 20% o 5% de ese 

polimorfo. 

Atentamente, 

C.C No. 79.782.747 de Bogotá 

T. P. 74.295 del C.S.J 

Adjunto: lo mencionado 
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I, Michael Mutz, aged 57 years, of the address, Frciburg i.B., Federal Republic of Germany, 

hereby solemnly affirm and state as follows: 

A. Experience 

1. I am presently a Principal Fellow (senior expert m solid-state chemistry) at Nc>Va,nil 

2. 

Phanna AG in Basel, Switzerland. 

I was awarded a Master's Degree (Diploma) from the University of Freiburg i.B., FedcrJl 

Republic of Germany (FRG) in 1984 and a PhD (Drscr.nat.) in physical and biophysicL 
chemistry from the Free University of Berlin, FRG, in 1989. 

3. From 1990 to 1991, I carried out postdoctoral research work at the Ecole Nonnalc Supcricurc, 

Paris, France in biophysical chemistry. 

I 
4. I have been continuously employed since 1991, first at Ciba-Geigy AG, and subsequently Itt 

Novartis, following its formation in 1996 from the merger of Ciba-Geigy and Sandoz AG. 1 

began at Ciba-Gcigy as a laboratory head in the Scientific Services department, specialising in 

physical chemistry. The main focus of my work at Ciba-Gcigy and Novartis has bcJn 

polymorphism and solid-state characterisation of pharmaceutical solids in drug development. 

I 
including analytical characterisation using crystallisation, X-ray powder diffraction (XRPD). 

. . · I · h I I · (d·a · I · I I m1croscopy, mOisture sorption ana ys1s, t erma ana ys1s 1uerent1a scanmng ca orimctry 

(DSC), TGA and TMA 1), microcalorimetry and spectroscopy (FTIR2, Raman and Solid Stale 

NMR'). I 
5. 1 am the author or co-author of over twenty publications in the field of my work. 

6. By virtue of the above, I consider myself to be an expert in the field of polymorphism �d 

solid-state characterisation of pharmaceutical solids in drug development. 

1 Tlu:rmogravimctric analysis nnd thcrmomcchanical analysis. 

2 Fourier lrnnsfonn infrared. 

J Nuclear magnetic resonance. 
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8. 

• 

Instructions 

I have been asked to prepare an affidavit on behalf of Novartis for this action in Colombia 

I 
relating to a public interest declaration regarding Novartis' Colombian patent number 29270 

I 
(CO 29270) claiming the p polymorphic fonn of imatinib mcthancsulfonatc.4 In this affidavit, I 

have been asked to address the following points: 

• Crystal structures and polymorphism m general - see section C of this affidavit 

(paragraphs 8 to II below). 

• Methods of identifying polymorphs in a sample- sec section D (paragraphs 12 to 17 

below). 

• Known polymorphs of imatinib mcsylatc and processes for their preparation - sec 

section E (paragraphs 18 to 39 below). 

• The possibility of methods for the production of the a polymorph, or a phannaceutical 

formulation containing the a polymorph, also producing the � polymorph or othlr 
polymorphs- sec section F (paragraphs 40 to 48 below). 

• The possibility of the a polymorph converting into the � polymorph - sec section G 

(paragraphs 49 to 55 below). 

Crystal structures and polymorphism in general 

Most organic compounds form crystal structures. lmatinib mcsylatc is one such compoun1d. 

Crystal structures are formed by a process known as crystallisation, whereby the molecules of a 

substance come together and align themselves into a regular repeating pattern of a CI)'S�I 
' 

lattice. 

9. Crystallisation is an important way of separating a product in a substantially pure form from an 

impure solution. This process is often utilised in the pharmaceutical industl)' because purity� is 

very important when producing a pharmaceutical for human use. 

4 Which is also knov.n by an abbrc\iatcd name, imatinib mesylatc. 1 usc the two intt:rchnngeably in this nffida\'it. 
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1 0. Some organic compounds, including imatinib mcsylate, exhibit 'polymorphism', which means 

that the compound can exist in more than one crystal structure or form. Different polymorphs 

have different physicochemical properties, such as solubility, chemical stability, bioavailability, 

morphology, melting point. hygroscopicity and density. The selection of an appropriate 

polymorph of a compound is therefore an important aspect in the development of a 

pharmaceutical because of its potential influence on the properties of the pharmaceutical. A 

number of methods exist for identifying and characterising polymorphs of an organic 

compound. Many of these techniques arc mentioned in paragraph 4 above and I explain how 

several of them work in paragraphs 12 to 17 below. 

11. 1matinib mesylate may be crystallised into a number of polymorphic forms. Phannaceutical 

companies around the world have discovered and documented many different forms of imatinib 

mesylatc over the past two decades. 1 describe a number of these polymorphs in paragraphs 18 

to 39 below. 

D. Methods of identifying polymorphs in a sample 

12. It is possible to analyse a sample to detcnnine which of several known polymorphs arc present. 

Tests commonly employed for this purpose include XRPD, microscopy. moisture sorption 

analysis and DSC. These techniques arc able to detect differences in the properties of distinct 

polymorphs which arise due to differences in their crystal structures. Such properties arc 

characteristic of each polymorph in that they can be used to identify the presence of the 

polymorph in a sample. 

13. In the department in which I work at Novartis in Basel, we routinely use XRPD and DSC to 

dctenninc whether samples contain particular polymorphic forms of an active substance. These 

techniques can reliably identify the presence of a particular polymorph in a sample, provided 

that the amount present in the sample is greater than the limit of detection (LOD) of the 

technique used. Every analytical technique has a LOD, which is the lowest quantity of a 

substance that can be distinguished from the absence of that substance. By way of example, if 
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a particular technique had a LOD of 5%, that technique could unequivocally identify the 

presence of a polymorph in a sample containing 50%, 20% or 5% of that polymorph. However, 

the technique would be unsuitable for identifying the presence of the polymorph in a samplc1 

containing only 2% of the polymorph. In such cases. a more sensitive method of dctcctio1 
would be required. 

14. XPRD is often used to identify polymorphs in a sample, as will become apparent from th4 

example XRPD data referred to in subsequent paragraphs of this affidavit. It is gcncraiiJ, 
I 

considered to be a sensitive. reliable method of detecting polymorphs. XRPD involves 

projecting a beam of X-rays towards a powdered substance under analysis. When the bcaj 

reaches the sample, interactions between the X-rays and the atoms of the crystal structurc(s) ii 

the sample cause the beam to be scattered. Scattering ofX-ravs bv atoms in different planes Jr . . I the crystal causes interference between the scattered beams at some angles. The angles at . ' 

which interference occurs arc detected relative to the angle 20. The intensities of the signals ate 

also detected. As the atoms in each distinct polymorph arc arranged differently, in\erfcrenie 

occurs at a particular set of angles, and with particular intensities, which arc characteristic of 
I 

each polymorph. This data may be plotted on an XRPD spectrum as a pattern of peaks. t 
simple terms, this pattern can be regarded as a 'fingerprint' or 'signature· of the polymorph. 

Example XRPD spectra arc shown in figure A below. 

28068331 
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Figure A: 
Gun.r rolm 258-Sotc 

" " 

Guinlf!r �rr. 96-107e 

MicroscORl' 

15. The crystal structure of a polymorph may be viewed using a scanning electron microscope 

(SEM). a powerful microscope which focuses a beam of electrons on to a solid sample a�d 

detects signals at its surface. These signals reveal information about the sample, including /rs 

external morphology. Figure B below shows SEM images of two crystal structures. I 
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Figure B: 

Moisture sorption analysis 

Almost all substances interact to some degree with water vapour in their surroundings. 

Moisture sorption analysis measures the extent to which a material attracts and retains watL 
molecules. The moisture sorption, or 'hygroscopicity', of materials generally varies dependiJg 

on environmental conditions, so it is common when characterising a substance to determine Js 

moisture content at a specified temperature and relative humidity. As distinct polymorphs haL 
different crystal structures, they can interact with water molecules to varying extents, whijh 

makes them more or less hygroscopic under particular conditions. Figure C below depicts Jc 

I results of moisture sorption analysis of two substances. 

Figure C: 
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17. DSC is a technique used to analyse what happens to a substance. such as a crystal structure, 

when it is heated. As the substance is heated, it undergoes thermal transitions affecting itj 
structure. One such transition is the melting of the substance, which occurs when the mo\ccuiJ 

• 
making up the substance begin to come apart. In the case of a crystal structure, the regular! 
repeated structure breaks down leaving the constituent mo lecules. Me lting is an endothcrmil 
reaction. meaning it takes energy to make it happen. Whereas heating a substance gcncraiiJ 

. . . 
th

. 
h 

. b . 
I d d I causes an mcrcase m tts temperature, ts stops w en tt cgms to me t an ocs not resume 

I 
until the structure of the substance has completely broken down. DSC measures how much 

more heat must be applied to the substance for this to happen, allowing determination of tht 
temperature at which this occurs: the melting point of the substance. As the crystal structurl 
of polymorphs differ, so do their melting points. Example DSC thermograms arc shown il 
figure D below. 

Figure D: 

.,. .,. ... ,,. 'I' 

• 

,. •• , .. 
E. Polymorphs of imatinib mesylate and processes for their preparation 

18. J note in paragraph 11 above that pharmaceutical companies have documented many different 

polymorphs of imatinib mesylate. Not all of these polymorphs have crystal structures: in soLe 

arrangements (referred to as amorphous forms), there is no discernible crystal structure preselt. 

Further, different arrangements of an active substance need not be identical in terms of 
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chemical composition to be regarded as distinct polymorphs from a drug regulatory 

perspective. Molecules of water or another solvent may be incorporated into a crystal 

arrangement to give alternative polymorphs, referred to as hydrates and solvatcs respectively. 

In the interests of brevity, I discuss below only the a and � polymorphs and other polymorphs 

having a crystal structure and similar chemical composition. Table I below contains a full list 

of the different fonns of which I am aware, each of which has been reported to be a distinct 

polymorph. 

Form 

' 

a and B 
HI 
l and II 
0 and E 

F, G, H, I and K 
YandZ 
M, Y, Band P 

Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous, anhydrous 
Amorphous, anhydrous 

Table 1: 

WO 99/03854 Novartis 
WO 2004/106326 Hctcro 
WO 2006/054314 Natco 
W02007/023182 Novartis 
WO 2007/059963 Novartis 
WO 201 11100282 Dr Reddy's 
EP 2 604 596 AI  Dcva 

IN 2003/MU01208 Sun 
WO 2008/112722 Dr Reddy's 
us 2008/0234286 Chemagis 
WO 2008/154262 Novartis 
us 2009/0181977 Acta vis 
RU 2365587 Phann-Sintez 

IV, V, Vi, VII, VIII, IX. X. XI, XIII, WO 200711365 10 Tevallvax 
XIV, XV and XVI (all solvates) 

Z I and Z2 (both hydrates) wo 20111023146 Zentiva 

a and 8 forms 

The first polymorphs of tmattmb mesylate were dtsclosed by Novartts AG tn 2000 tn a patent 

application numbered WO 99/03854. This application identifies and characterises hJo 

I understand tJat polymorphs, known as the a crystal fonn and the � crystal form. 
I 

WO 99/03854 is the published version of the patent application which was granted as GO 

29270. CO 29270 only claims the B fonn of imatinib mcs;'latc; Novartis docs not claim thJ a 
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fonn in Colombia. As the description and drawings in these two patent documents arc the same 

except for the difference in language, I generally refer to WO 99/03854 in preference to CO 

29270 in the remaining paragraphs of this affidavit. 

20. Figures I and 2 of \VO 99/03854 show the XRPD spectra of the a form and the p form of 

imatinib mcsylatc. These spectra arc copied in figure A above. in which the spectrum above is 

the a form and the spectrum below is the � form. The pattern of peaks in each spectrum is 

characteristic of that particular form of imatinib mcsylatc. The p form (lower part of Figure A) 

has peaks of significant intensity at 20 values of 9.7, 13.9. 14.7, 17.5, 18.2, 20.0, 20.6, 21.1, 

22.1. 22.7, 23. 7, 29.8 and 30.8 degrees. Each of these peaks has a relative intensity of 20% or 

more in comparison to the most significant peak shown in the XRPD spectrum (which is the 

peak at 21.1n). The a form (upper part of Figure A) has peaks of significant intensity in 

particular at 20 values of 4.9, 10.4, 14.9, 17.7, 18.0, 18.6, 19.0, 21.2, 21.6, 24.9 and 28.7 

degrees. 

21. The last paragraph on page 2 of \VO 99/03854 notes that the a form is characterised by needle

shaped crystals. The third paragraph on page 3 explains that the invention relates to the p form, 

which has non-needle shaped crystals. The penultimate paragraph on page 5 adds that the j} 

form is characterised by the presence of crystals displaying the form shown in the lower part of 

figure 3. The needle-shaped crystals of form a arc shown in the upper part of figure 3. The 

SEM images sh0\\11 in figure 3 ofWO 99/03854 have been poorly copied. Higher resolution 

versions arc shown in figure B above, in which the morphology of a form crystals is shown on 

the left and the morphology ofP form crystals on the right. 

22. The last paragraph on page 2 also notes that the a form of imatinib mcsylate is hygroscopic, 

whereas the second paragraph on page 3 explains that the j} form is less hygroscopic. 

Additional detail is given from the third paragraph on page 8 to the second paragraph on 

page 9. The first paragraph on page 9 concludes that, at 25nC and a relative humidity of 93%, 
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23. 

the � fonn remains dry whereas the a fonn rapidly takes up water to the extent that there is 

partial conversion to an amorphous (i.e. non-crystal) form. 

Finally, the penultimate paragraph of page 2 explains that the melting points of the a and � 

crystal forms may be determined from a DSC thermogram. and the first paragraph on page 5 

states that the onset of melting point of the n form is around 217 oc and that of the a form is 

around 226"C. 

24. As the XRPD spectra, crystal morphology, hygroscopicity and melting points of the a and 

J3 polymorphs differ in a way that is characteristic of each polymorph, one can tell the a and � 

polymorphs apart using standard laboratory techniques. 

25. The second paragraph of Example 1 on page 19 of \VO 99/03854 describes a process for 

preparing the a polymorph from imatinib free base. The process involves adding imatinib free 

base to ethanol before adding mcthanesulfonic acid to the suspension. The resulting solution is 

heated under reflux before fillcring and evaporation. TI1e residue is suspended in ethanol and 

dissolved under reflux. Cooling, filtration and drying results in the a crystal form. 

26. The a polymorph may be used to generate the p polymorph under specific reaction conditions, 

for example those described in the first paragraph of Example I on pages 18 to 19. A 

suspension of the a fonn is digested in methanol and crystals of the p fonn arc isolated by 

filtration and dried. Alternatively, crystals of the p fonn may be used to 'seed· the generation 

of further p crystals in a solution containing imatinib methancsulfonatc. Seeding provides a 

template crystal structure on which further molecules may assemble. It works because less 

energy is required to add crystals to an existing structure than to establish a new crystal 

structure. WO 99/03854 describes two methods of generating the P fonn with the assistance of 

seeding. Example 2 on page 19 explains that imatinib free base is suspended in methanol 

before methancsulfonic acid, methanol and activated carbon arc added. The mixture is boiled 

under reflux, filtered and the water evaporated. The residue is dissolved in methanol and 
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27. 

inoculated with a small amount of� crystals. Drying at high temperature and pressure results 

in more significant quantities of the � crystal fonn. Example 3 on page 20 describes how 

heating the ll polymorph in methanol and inoculating the solution with p crystals leads to 

further crystallisation. Drying the residue at high pressure and temperature yields more 

significant quantities of the p polymorph. 

HI form I I 
A polymorph known as the HI form was disclosed by Hctcro Drugs Ltd in 2004 in a patent 

application published as WO 2004/106326. The application explains that this novel crystallini 
fonn is characterised by an XRPD spectrum having peaks at 20 values of about 9.9. II .  I, 16.3; 

I 

17.3, 18.1, 19.1, 19.6, 20.3, 21.1, 21.9, 23.2, 23.6, 24.2, 24.9, 25.6, 26.0, 27.3, 27.9, 28.9, 29.4[ 
30.4 and 30.5 degrees. 

28. WO 20041106326 provides examples of the preparation of the H 1 form. which is said tO 

involve dissolving imatinib free base in a chlorinated solvent before adding methanesulfonJ 
I 

acid. then stirring, filtering and drying. 

Forms I and II 

29. WO 2006/054314, a patent application filed by Natco Phanna Ltd, disclosed two more 

polymorphs named forms I and II. The application lists the XRPD spectrum peaks of form ?· 

thc most signifieant of which are at20 values of about 9.7, 10.0, 16.0, 17.1, 17.9.18.8.19.t3, 

I 
20.0, 21.7, 23.0, 23.9, 24.7, 25.1, 25.8 and 29.2 degrees. It also lists the peaks of form II, �e 

most significant of which arc at 20 values of about 2.8, 4.4, 8.9, 9.6, 12.1, 14.1, 14.7, 16.�1, 

11.0, 17.6, 18.6, 19.4, 19.6, 20.3, 20.9, 21.4, 22.0, 23.5, 24.0, 24.6, 25.2, 25.7, 26.9, 27.7, 28k 
28.6. 29.1, 29.5 and 30.1 degrees. 

30. WO 2006/054314 states that form 1 may be prepared by slurrying the a2 or� polymorphs:in 

I chloroform and water with heating and distilling followed by filtration. It also states that form 
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32. 

33. 

34. 

11 may be prepared by lyophilizing (freeze-drying) an aqueous solution of the a2 or B 

polymorphs. The a2 form referred to was the subject of an earlier patent application filed by 

Natco Pharma, WO 2005/077933. 

POrms Oand e 

I 
The 0 and c crystal fonns were first disclosed in a patent application filed by Novartis AG first I 
published in 2007 as WO 2007/023182. I was the inventor of the 0 and E forms. The I 

I 
application explains that the 0 form produces an XRPD spectrum with peaks at 20 values of 2.2. 

13.0, 14.4, 16.0, 16.5, 16.8. 19.2. 19.4. 19.8, 20.3, 20.7, 20.9, 21.1, 21.5, 22.7, 23.7, 24.4, 24.7.1 
25.3. 25.6. 26.3 and 28.1 degrees. It also identifies the XRPD spectrum peaks of thee form a� . I 
20 values of 9.4, 11.9, 12.7, 13.3, 13.9, 15.0, 15.3, 17.0, 17.9, 18.5, 19.0, 19.6, 20.7, 21.4. 23.6; 

. I 24.1 and 28.2 degrees. 

WO 2007/023182 explains !hat the o form may be prepared by suspending a dry precipitate J 
imatinib mesylate in acetone and methanol before evaporating the solution under nitrogen. Th� 

I 
E. form is prepared by a similar process except that the dry precipitate of imatinib mesylatc is 

suspended in ethyl acetate and ethanol. I 
Forms F G H 1 and K 

I 
Polymorphs F, G, H, I and K were disclosed in a patent application filed by Novartis firit 
published as WO 2007/059963. I was again the inventor of the F, G, H, I and K polymorphs br 

' 

imatinib mesylate. 

The application explains that the five polymorphs have XRPD spectra with peaks at 20 valulbs 
of: 

a. in the case of the F polymorph, 8.4, 8.6, 10.4. 13.3. 14.7, 16.2. 16.8, 17.L 19.5. 20 .. 9. 

22.2, 23.1, 23.6, 24.5, 25.1, 26.0, 26.9, 28.5, 29.1 and 30.3 degrees; 
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35. 

I 
I 

b. in the case of the G polymorph. 10.5. 12.9. 13.9. 14.1. 15.0, 16.6, 17.2, 17.5, 18.1, I 18. 7, 19.2, 19.8, 20.6, 21.1, 21.3, 21.7, 22.1, 22.8, 23.9, 24.3, 25.1 and 28.6 degrees: 

c. in the case of the H polymorph. 10.5, 13.8, 15.7, 18.1, 21.0, 22.8, 24.3, 25.1, 26.3, 

29.7 and 32.9 degrees; 

I 
I 
I 

d. in the case of the I polymorph. 9.6, 12.9. 14.1. 15.2. 15.6, 17.1, 18.0, 18.7, 19.1, 19.8, I 
20.9. 23.4, 23.9, 24.3, 25.2 and 28.4 degrees; and 

c. in the case of the K polymorph, 12.1, 12.9, 13.6, 14.1, 15.2, 17.2, 18.2, 18.4, 19.8, I 
21.0, 22.4, 23.4, 24.3, 25.2. 28.4. 29.2 and 37.9 degrees. 

Examples in WO 2007/059963 explain how to generate forms F, G. H, I and K. Examples I to / 
4 describe methods of generating form F. Each method involves dissolving imatinib mcsylate/ 
in water and dispensing the solution into a well block. The solution in each well is dried b)� 
flushing it with nitrogen, leaving a dry precipitate. The precipitate is resuspended in diffcrcn� 
reagents in each of examples l to 4. These arc benzyl alcohol (example I);  a mixture of benzyl 

alcohol and ethyl acetate (example 2): a mixture of benzyl alcohol and either 1,4-dioxanc, 31 
pcntanone or di-isopropyl ether (example 3): or a mixture of benzyl alcohol and eithJ 

' 

acetonitrile or dimethyl fonnamide (example 4). ln each case. the suspension is agitated anf 
allowed to evaporate at around sonc under nitrogen to generate crystal fonn F. The metho�s 

for producing crvstal fonns G. H. I and K arc similar except that different reagents arc used in . . . I the suspension step, as follows: 

a. To generate form G, the precipitate is resuspended in a mi:-..iure of 3-pentanone arid 
I 

eyclohexane. 

b. To generate fonn H, the precipitate is resuspended in a mixture of 3-pcntanone ahd 
I 

N,N-dimethylfonnamidc. 
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c. To generate form 1, the precipitate is resuspended in a mixture of ethyl acetate and 

dicthyl ether. 

d. To generate form K, the precipitate is resuspended in a mixture of 3·ethyl acetate and I 
N,N-dimcthylformamidc. 

Forms Yond Z 

I 
36. Crystal forms Y and Z were disclosed in a patent application filed by Dr Reddy's Laboratories 

37. 

i Ltd published as WO 20111100282. The application explains that these polymorphs have 
I 

XRPD spectra with peaks at the following 20 values: 

a. 6.1 , 8. 7, 11.5, 14.5, 18.0, 18.7, 20.1 , 21.9 and 22.5 degrees in the case of fonn Y; 

and I 
b. 6.6, 8.0, 13.9, 16.6, 17.0, 17.3, 18.4, 19.0, 20.2, 22.2 and 24.2 degrees in the case J 

form Z. 

WO 20111100282 explains that theY form may be prepared by suspending imatinib free baic 

in methanol, cooling and adding mcthanesulfonic acid with stirring. Methyl tertiary-butyl ether 

is added with stirring and the suspension is filtered under nitrogen, washed with mcthL 
' 

tertiarv-butvl ether and dried according to one of two methods. The application describes tli.c . . I preparation of form Z by mixing imatinib mesylatc and dimethyl sulfoxide and heating for 

dissolution and filtering. The solution is added to pre-cooled dichloromethane and stirred lat 
I 

around one. The solid is collected by filtration, washed with dichloromethanc and dried. 

2S068�3\ 
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38. 

Form.\· M Y5 B and P 

Crystal forms M, Y, B and P were disclosed in a patent application filed by Deva Holdings AS 
I 

published as EP 2 604 596 Al. The application explains that these polymorphs have XiRPD 

spectra with peaks at the following 29 values 

a. in the case of form M, about 6.0, 9.6, 10.4, 10.9, 11.6, 12.9, 13.9, 14.6, 15.6, 17.4, 

18.1, 18.8, 19.9, 20.5, 210, 21.8, 22.0, 22.6, 23 7, 24.2, 26.2, 26.8, 28.3, 29.1, 29.6, 

30.1, 30.8, 31.8, 32.8, 34.0, 35.5, 36.8, 40.5, 42.2 and 43.5 degcees; 

b. in the case of form Y, about 6.0, 9 7, 10.4, 10.9, 11.6, 12.9, 13.9, 14.6, 17.1, 17.4, 

18.1, 20.0, 20.5, 210, 220, 23.7, 24.2, 26.2, 29.1, 29.6, 30,8, 31.7, 32.7, 34.0, ·35.5, 

36.8, 38.4, 39.0, 40.5, 43.5, 45.3 and 48.9 degrees; 

c. in the case of form B, about 4.7, 9. 7, 10.4, 10.9, 13.0, 13.9, 14.6, 17.4, 18.1, !20.0, 

20.5, 21.0, 22.0, 22.6, 23.7, 25 1, 26.3, 26.8, 28.3, 29.6, 30.7, 31.7, 32.8, 34 0, 35.6 

and 36.8 degrees; and 

d. in the case of form P, about 4.9, 9.7, 10.4, 12.0, 12.9, 13.9, 14.7, 17.4, 18.1, 18.5, 

19.1, 19.9, 20.5, 21.0, 21.7, 22.0, 24.8, 26.2, 28.4, 28.6, 30.8, 32.1, 32.8, 34.1, B5.5, 

36.7, 38.5, 39.6, 43.4 and 45.3 degrees. 

39. EP 2 604 596 AI describes processes for the preparation of forms M, Y, B and P, as follow·s: 

a. To generate form M, imatinib free base is suspended in a ketone and the mixture 

heated under reflux. Methanesulfonic acid is added_ the mixture is cooledl and . I 
crystals are isolated (e.g. by filtration, drying and suspension in a solvent) and dried. 

'i This appears to be a different polymorph than form Y referred to above. 
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b. To generate form Y, imatinib free base is suspended in an alcohol, the mixture stirred 

and methanesulfonie acid added. The mi:\1ure is stirred and crvstals arc isolatJ and 

dried. 

. ' 

c. To generate form B, imatinib free base is suspended in an ether, the mixture stirred 

and mcthanesulfonic acid added. The mixture is stirred and heated to induce c�·stal 

formation. The mi:\1urc is stirred and crystals are isolated and dried. 

d. To generate form P, imatinib free base is suspended in an ether, the mixture stirred 
I and heated under reflux. Cn·stals of the a form of imatinib mcsvlatc arc added. . . I . 

followed by methancsulfonic acid. The mixture is cooled and crvstals arc isolated . 
I 

and dried. 

F'. Possibility of methods for the production of the a polymorph also producing the p 

polymorph or other polymorphs 

Produclion o(aclive subs lance 

40. I explain in paragraph 25 above a process for producing the a polymorph of imatinib mcsylatc. 

This is the process generally used by Novartis to produce the a polymorph, when that 

polymorph is required as a reference (comparison) material. 

' 

41. I am aware that a sample of the active substance in the pharmaceutical formulation markctdd bv 
I • ' 

Recalcine in Chile as 'Zeite'6 has been analysed by the Universidad de Chile and foudd to 

contain only the a polymorph of imatinib mcsylate. I exhibit as MM-1 to this affidavit a report 

on the results of the XRPD analysis performed by the Universidad de Chile. including XRPD 

spectra which identify the sample as containing pure a crystal form (down to the LOD). I have 

no reason to doubt the accuracy of these spectra. Therefore. the process used b) the 

61 understand that the Zcite product marketed by Rceulcinc in Chile is u different fonnulation to the Zeite marketed in 
Colombia. 
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42. 

manufacturer that supplies Recalcine produces o. crystal form with no trace of the p crystal form 

as an impurity (down to the LOD). 

I exhibit as MM-2 to this affidavit an article written by two individuals employed by Deva in 

Turkey dated 12 June 2015. Dcva is a well-known generic phannaccutical company. This 

article relates to the a and p polymorphs and considers (amongst other things) the accuracy of 

XRPD and DSC as methods of identifying polymorphs and analysing the stability of Jhc a 

polymorph in phannaceutical formulations. Section 2.1.2 describes a method for synthes lising 

the a form which involves the usc of di-isopropyl ether and isopropyl alcohol solvents. �s the 

abstract of the article explains: 

''{XRPD] was used lo monilor the polymorphic puril)• of«form dmg substance and 

corresponding dmg products during the qualil)' control analyses and stability stJdies. 

and the results indicated thai «form was stable and not converled top form dLing 

the manufacturing process and stability periad. ·· I 
Therefore, Ocva has a process for manufacturing imatinib mcsylatc which results in an a:ctivc 

substance that is in pure a fonn (down to the LOD). 

43. I describe in paragraphs 44 to 47 below a number of examples of generic tablet and capsule 

formulations containing the o. polymorph of imatinib mcsylatc and without trace of the p 

polymorph (insofar as we can detect given the LOD). Clearly the manufacturers of the a1ctivc 
I 

substance in these fonnulations have processes to produce imatinib mcsylatc in pure a fom\. 

Production o[pharmaceutical fOrmulations 

44. The analysis in the department in which I work of samples of pharmaceutical formulations 

marketed by generic phannaccutical companies around the world has id
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45. 

46. 

formulators arc able to manufacture formulations containing pure a crystal form. I provide 

some examples in the following paragraphs. 

I understand that several generic tablet formulations were launched in Japan in or around June 

2014. These comprised products marketed by Mciji Scika Pharma Co Ltd, Nipro Phlmna 

Cornoration and Daiichi Sankvo Espha Co Ltd. XRPD analvsis performed in the departmlnt in ., . . I 
which I work showed that samples of each of these tablets contained only the a polymo�h (to 

the LOD). 

In New Zealand. AFT Phannaccuticals Ltd has marketed a generic capsule fonnu1on. 

Samples of this capsule formulation were analysed by XRPD in the department in which I �vork 

and were found to contain only the a polymorph (to the LOD). 

' 

47. Rider Laboratories Ltd has marketed a generic tablet formulation in Chile as 'Kadir'. S�plcs 

of this formulation were again analysed by XRPD in the department in which I work and found 

to contain only the a polymorph (to the LOD). 

48. Further, it is apparent from the article exhibited at MM-2 that Deva·s method of formuhtting 

tablets containing only the a polymo'J)h of imatinib mcsylatc docs not generate the � fonn rs an 

impurity (to the LOD). The conclusion of the article comments as follows (with emphasis 

added): 

2R06R331 

"11u: quantitative PXRD method reported herein represents a useful tool for 

monitoring the polymorphic content and crystal form stability of a form of imjtinib 
I 
' 

me.\ylate in tablet formulations. Here. it was shown that tablet�· produced bv r1 dvsta/ 

form o(APJ were highlF stabilized bv the excipients used in the formulation arld no 

detectable polvmomhic transformation to 8 form was occurred during manufQct1irtng 

process or stahilitv periods." 



G. Possibility of the a polymorph converting into the �polymorph 

49. ln paragraphs 40 to 48 above, I gave a number of examples of the manufacture of im tinib 

mesylate in pure a form (to the LOD) and the preparation of a tablet or capsule formution 

containing the active substance in pure a form (to the LOD). The following paragraphs exblain I that the a polymorph does not thereafter convert into the B polymorph unless exposed to 

particular conditions favouring that conversion or if left for a long period of time. 

Conditions relevant to conversion 

50. The second paragraph on page 8 of WO 99/03854 states that the a crystal form of imatinib 

mesylate is metastable at room temperature. This means that the stability of the a form at �oom 

Conditions that rna" influ[ence temperature depends on the cond1t10ns to wh1ch 1t ts exposed .} 

the stability of the a polymorph include: 

l a. polymeric purity of the a form, e.g. whether seed crystals of the B polymorp are 

present; 

b. chemical purity of imatinib mesylate, e.g. \vhether degradation products, Heavy 

metals, etc. are present; 

c. temperature: 

d. use of particular solvents; 

e. relative humidity; and 

f pressure. 

As the B polymorph is thermodynamically more stable at temperatures of around 140"0 and 

below, some solid-state conversion of the a form into the B form is inevitable over an extelded 

period of time. But by controlling the above conditions when manufacturing and storinl the 

pharmaceutical formulation, the rate of conversion can be kept so slow as to be irrelevant �rom 

a pharmaceutical perspective. This is important if it is desired to maintain the active subsLce 

in the a form. 

llW68531 
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51. 1 explained in paragraph 26 above that the a polymorph may be used to generate the p 

polymorph under specific reaction conditions. Such conditions include those described ;l the 

first paragraph of Example I on pages 18 to 19 of WO 99/03854, namely digestion of lhc a 

Polvmorph in methanol followed bv filtration and drying. Thcv also include the usc of c)stals 

52. 

- - . . 1 of the B polymorph to seed a solution of the a polymorph heated in methanoL as described in 

Example 3 on page 20. 

Table 2 below IS taken from an internal Novartis document which specifics certain 

Phvsicochcmical data relating to the a and p polvmorphs of imatinib mcsvlatc. The Lblc . - . I summarises the effect of adding crystals of the a form. the P form or a mi:-.1urc of the a and p 

forms to a number of different solvents at specified temperatures in equilibratiol or 

It is a good illustration of the stability of the a ld B recrystallisation cxperiments.7 

polymorphs. The following trends arc apparent: 

a. The a fonn converts into the �form under certain conditions, specificallv when added -
I 

to acetone or methanoL but not under other conditions, such as if add�d to 

dichloromethanc, ethyl acetate, MTBE or toluene. a 

b. The p fonn remains in the same fonn in the two solvents to which it was added at the 

specified temperatures. It docs not convert into the a form. 

c. If both the a. form and the p form arc present, the a form always converts into the J3 
' 

form regardless of the solvent to which they arc added. This is the effect of seeding, 

which is particularly conducive to conversion for the reasons noted in paragraJh 26 

above. 

7 Equilibrntion involves suspending crystals of an active substance in a soh·ent to form 11 slurry and allO\\ing the crystal'> to 
adopt their most stable form under those conditions. RCCJ)'Stallisation involves dissol\ing crystals of an active substnncb in a 
solvent before changing the conditions so that one or more pol�morphs CI)'Stallisc out of solution. I �E.g. see tTh: row for dichloromcthanc in Table 2, which indiC<Ltcs that the a pol}morph remained in that form follo\\ing an 
cquilibrntion c�:pt:rimcnt performed at 25"C, as detcnnined by DSC. 

21!068531 
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53. 

' 
' . 

Table 2: 

11.1.3 Equilibration or recrystallisation in sotYefrts{l) I 
Observ.tiorn; 

I 
........ E:xperi- Temp . I ment 111n� rcl 

I..,.,., I 
I 1 .. ""· 1;�:� .. ' ===> : ���� I 0. ... f. ===> I• I•·' •••::> • lose 

loo"il. 1;: I• ' ;::: : IDSC I 
� � I 

' •••> I 
I """" � � I 

I 
I 

Ett:Y,acetll.te l .. ,il. 1�: 1:.' ===:> • lg�� ........ ,. • 

leo"il. 125 • OS< 
' � •••> �( •••> 

:: lec"il. � I ' 

I''"""' 1 .. ""· 1· •• 
"'"'"> 

. ' 125 •••> DSC 
' ' 1 .. , .. ��� I•.: 

===> • lg�� •••> : 25 ... , DSC 
. .  

Remarit&: 

Summary: 
i� es\cvtstad lvr.'O enantiot10pic c�tel �5 ne'Tlecl el:l"'a e"ltt bets hs.ve been �etacted. 

betvoaer. me IVI.'O hnnli is sbout l40'C. The eloh& modifcstior; Yot:it::h '4"85 fir&tlso'stetl i:s -, 1 
:r.etatsble et roorr. t8r:"::>e:V-"ure tlut its liO�it:! :fitate tra:-:�ar:b:'. ir..:C the br.& po'ymo!'Oh i:& lilow &"'OI.IQt". ;� 1 
be a�etad. 
No so'vstes or t:ydrutmi hove beer. det8cteti60 �r. 

I note in paragraph 30 above that WO 2006/054314 describes the preparation of I 
I 

to 

forms l and II from the a polymorph, involving, in the case of form I, slurrying in 

�in,· heating and distillation. and in the case of form II, freeze-drying an aqueous solution. " I can be seen that conversion of the a polymorph into forms I or 11 only takes place i,ndcr 

specific reaction conditions: it docs not occur spontaneously. 

31 



Pharmaceutical formulations 

54. I refer in paragraphs 45 to 47 above to the analysis of generic product samples done in the 
I 

department in which I work. In each case, XRPD spectra were prepared after the samples had 

been subjected to stabilitv testing conditions. The 'intermediate' conditions used to tc�t the 

samples from Japan, New

-

Zealand and Chile were 25"C at 60% relative humidity for 6 mlnths. 

The results- that no conversion occurred (do\\11 to the LOD)- demonstrate the stabilitv !f thc . ' ' 
CI polymorph used in these generic products. A sample of the AFT capsule formulation from ' 
New Zealand was also tested under 'accelerated' conditions. which were 40"C and 75% relative 

humidity for 6 months. The XRPD spectrum showed that the active substance in the eabsulc 
I 

remained in the a crystal form even under those accelerated conditions. 
' 

55. At this point, it is worth referring again to the article exhibited at MM-2 as the stability of 

Dcva ·s tablet formulation containing the a polymorph is a focus of the article. The follo\,·ing 

quote. taken from section 3.5 of the article, summarises the results of Deva's analvL in 

relation to the stabilitv of its active substance and tablet formulation (with emphasis adde�): • 
I 

2806!1531 

"Samples of a form containing tablets from di.fferent manufacturing batches were 

.<mhjected to various stability testing conditions and analyzed according tj the 

validated PXJW method to configure the stability of a form in the tablet formujtion. ' 

The results indicated that f1 form was not converted to B form during the thbtet 

manufactllring procen·. and also under rollline (25 ± 2�C. 60 ± 5% humidity). 

intermediate (30 ± 2�C. 65 ± 5% humidity) and accelerated stabilitv testing )40 ± 

2�C. 75 ± 5% humidif)) conditions in the original tablet form (film coated) I and 

package (l.DPE blister) (Supplementary Figs. Sl and SB). 

Additional studie,\· were carried out under accelerated stability testing conditions by 

subjecting the tablets directly without any package and also by peeling their l.film 
' 

coating. No polvmorphic conversion to 8 form was ob!i·erved on X-ral' diffracrowams 

of the samples taken from different parts of the tablets (surface and middle parts 
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measured separately) which confirmed that o. polvmoroh is stable in our 

formulation. 

' ' 
tablet 

Similar �·fudy was carried out by subjecting pure «form API in its original package 

(double LDI'E bag) and in open flasks to the same conditions. In both case. r1lOrm 

API was !Ound swble and not a((ected {rom the outside temperalltre and hum�ditv. 

and no conversion wm· detected to B pol)!momh (Supplementary Fig. S9) ... 

H. VERIFICATION 

56. I, Michael Mutz, do hereby verify and declare that the statements made hereinabove arc true 

and correct to my knowledge and belief. 

o.n� 
_________ ____ _l__�-�� 
Signed 

;1]- ��-Jo_,r') 
---------------------\}-------

Dated 

Attachments: Exhibit MM-1 
Exhibit MM-2 
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Unterschriftsbeglaubigung 

Vorstehende, vor mir als eigenhändig vollzogen anerkannte Unterschrift von 

Herr Dr. Michael Mutz, geb. am 04.05.1958, geschäftsansässig bei der Novartis Pharma AG mit 

Sitz in CH-4002 Basel (Schweiz), Virchow-6.3.231 

ausgewiesen durch amtlichen Lichtbildausweis -

beglaubige ich. Der Notar ist der vorstehenden fremden Sprache nicht mächtig und konnte des

halb die rechtliche Zulässigkeil des vorstehenden fremden Textes nicht prüfen. 

79098 Freiburg, den 13. August 2015 
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Infonne de Análisis 

Srs. Corporación Farmacéutica Reca1cine 
Atención Sr. Cristóbal Vallejos R. 
PRESENTE. 

Av. Blanco Encalada 2008 
Casilla487-3 
Santiago - Chile 
Tel:(56-2) 678 43 44 
Fax:(S6-2) 696 73 59 

nibanez@dfi. uchile. el 

Difracción de Rayos X. 

Santiago, 12 de abril de 2005 

Confonne a lo solicitado, se ha reluizadc el análisis de la muestra rotulada 
Imatinib GL-289 mediante Difracción Rayos-X y posterior comparación 
documentación adjunta: "Canadian Property Office, CA 2.296,604, '-"!"" 
Modification of a · Derivate"', proces for its manufacture 
use", que contiene los difractognunas Fig. (alpha fonn) y Fig. 213 (beta fonn). 

Especificaciones de la medida y tratanli<lt� de datos. 

• Instnunento: Difractometro Siemeo) 05000, para muestras policristalinas. 
• Longitud de onda utili7.ada: A.= A, correspondiente a un ánodo de Cu. 
• Potencia utilizada: 40 KV /J()lll!\. 
• Rango de medida: 2°- 80° en 29. 
• Paso: 0.02° por segundo. 
• Software para análisis de datos: Dil�ct plus 

Se adjunta oopia del di"D rnctognm>� obtenido, 29 vs Counts, (Fig. 1) lmatinib 
289 gráfica trntada, (Fig. 2) gráfica sin y (Fig. 3) acercamiento ala zona de intc:réj; 
a 50" en 29, (Tabla 1) con los máximos de dentro del difractograma. 

La comparación realizada para la !nutestra en cuestión con la infonnación adjulna, 
Canad.ian lntellectual Property CA 2,296,604, pennite concluir que 
difractogramas Fig 213 (beta form) e GL-289 no coinciden, por ende, se 
dos fo1111as cristalinas diferentes. No Imatinib GL-289 a la fonna 

(Fig. 2/3). 

Andrés 
Ingeniero Químico, 

LaboraJorio de 

Jbáñez Muñoz 
de la Difractometrla de Polvo. 
, Departamento de Física. 
DE CHILE 



1 
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UNIVERSIDAD DE ICHILE 
Faeultad de Cfenclos Pisims y �atCJm\titas 

Departamento dt FJ len 
LABORATORIO DE CRISTfi.OCRAFfA 

1 

Av. Blanco Encalada 2008 
Casilla 487·3 
Snntingo · Chile 
Tc1:(56-2)678 43 44 
Fax:(S6-2) 696 73 59 

aibanez@d.fi. uchile. el 

1 . 
. Tabla 1.- Angulo 29, Distancia interplanar 

e intensidad relativa para los brincipales máximos de difracción 
de la muestra lmatinib Gí.-2891 Laboratorio Reallcine. 

1 
Angulo de n¡s;tancia 
difracción Inteh.hmar Intensidad 

2-Theta (26) Ángs/rom (Á) % 

18,59 �768 100 
19,10 643 78 
10.46 �451 76 
18,09 900 71 
21,62 i106 69 
24,91 572 64 
21,27 174 62 
17,68 �011 61 
14,90 939 59 
28,55 �24 47 
12,13 93 42 
16,47 

. 
77 37 

23,75 744 32 
4,901 1r8.02 31 
23,19 

�
,832 30 

22,58 ,934 24 
27,38 ,254 22 
27,99 r5 20 
11,92 ,416 19 
11,27 ,847 17 
13,84 ,391 16 
26,27 �,389 15 
15,36 1,764 11 
32,03 ,792 11 
12 88 ,865 10 
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t. Introduction 

ABSTRACT 

lmatinib h�� been identified l� a tyrosine kinase inhibitor that selectively inhibits the Abl tyrnsinf kin�ses. 
including Bcr-Abl. The active substance u�rd in drug product is the mesylille salt form of \matinib. 
a phenylaminupyrimidiJJe derivative and chemically n�med <IS N-{3-{4-(pyridin-3-yl) pyrlmidin-2-
ylilmino )-4-ITH'Ihylph�nyl}-4-{( 4-methylplper<lzin-1-yl) methyl }-benu.mid� methan�sulfonic I acid salt, 
It �xhibits many polymorphic forms and most stable <1nd comm�rdaliz�d polymorphs .ue knhwn as u 
<1nd � fonm. Mol�cul�s in u �nd �polymorphic form� exhibit significant conformationill diffen!nc�s due 
to their diffell'nt intra- and mtermolecul.u int�ractions, which Sl<1biliz� their molecular conf0rm.ltion� 
and a !Teet th�ir phy.�icochemic<�l properties such <1� bulk d�nsily, melting point, solubility. stability, and 
process<�bility. The manufacturing process of 01 drug tablet includ�d granuloltion. comprt"ssion'. coatinJ.. 
dnd drying may rau51: polymorphic conversions. Tht'rdor�. polymorphic content of tht' drug �ubstance 
�hould be controlled during quality control and stability testing. Attt'nuat�d total renectanct' Fourier 
transform infrarrd (ATR-FTIR) �pectroscopy, diffnrntial scanning calorimetry (DSq 01nd powder X-rily 
diffr<�ction (PXRD) m�thods were evaluiltl'd for determination of the polymorphic cont�nl o{the drug 
subst<�nce .1nd drug product: and PXRD was the most ilCCur atr techniqu� <1nd selectt'd <IS preferred mrthod 
and validatrd. Prior to devrlopment of"' qu.lntlfication method, pure u <1nd � polymorphs we� chuilc
lerized and used throughout the ITH'thod development and validation studi�s. Mi.xturrs with:differrnt 
r<�.tios of u and � form� Wl're scannl'd using X -ray diffractometer with a scan rille of 0.250•/min ov�r 
"" 01ngulu r•ngt' of 19.5-21.0• 20 and the peak h�ights for chrilcteristic peak of� form ill lb.5 :L0.2' 
20 diffraction angle were used to genl'r,ue a calibriltion curve. The d�t�Ciion limit of� polymbrph in n 
form im.atlnlb m�sylate tabl�ts was found as 4'land thr line.u rl'lrl'ssion .lll<llysis dat.l for the dlibration 
plot� show�d good line.lr relationship with corrrlation co�fficient of 0.992 with rt'spect to rel.l\ive peak 
heigh! in the conct'ntration r<�nge of 12-75 wt'l �form containing tablet mixturl's. Tht' obtain�d results 
<1\ �ach st.1ge of the v.tlid.ltion study proved lh.lt the method is specific. repe.lt.tbl�. precise and 1ilccuratt', 
and could be ust>d for determination of� polymorph content in tablets produced by using a pJiymorph 
of im.atinib ITH'Syliltl'. The developed PXRD quantification m�thod w.ts used to monitor the polYmorphic 
purity of a form drug substance ilnd corresponding drug product� during the quality control! analy!;f'� 
and �lability studies . .lnd thr re5ult� indicJtl'd that tl form was �table and not converted to� form during 
thr m.lnufacturing proct'ss a�d slilbility period. j 

Cl2015 Elst"Vier B.V. All rights re5<:rvl'd. I 
I 

Polymorphism is defined in a different way depending on the 
scientific field of use. such as computer science. biology, and chem-

isuy or material science. For the latter. polymorphism is ltie ability 
of a solid m<tterial to exist in more than one form or crystal struc
ture. A recent study estimated that 80-90% of organic compounds 
can exist in multiple crystalline forms {polymorphs, hydrates. sol
vates). and more than half of the pharmaceutical drug compounds 
exhibit solid-state polymorphism [ 1[. Crystalline forms have dif
ferent arrangements and/or conformations of t he molecules in the 
crystal lattice. Amorphous forms consist of disordered arrange
ments of molecules that do not possess a distinguishablE- crystal 

• Corresponding�Ufhor. F��: •SO 282 7581770. 
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lattice. Solvates an> crystal forms containing either stoichiometric 
or nonstoichiometric amounts of a solvent 12-4]. 

Duf' to th(' differences in their intra- and intermolecular 
solid-state structures. polymorphic forms of a drug substance can 
have different chemical and physical properties. including melt
ing point. solubility, mechanic.ll properties. and bulk density. These 
properties can have a direct effect on the <Jbility to process .md{or 
manufacture the drug substance and the drug product. as well as on 
drug product stability. dissolution, and bioavailability. Thus, poly
morphism can affect the quality, safety, and efficacy of the drug 
product IS]. Therefore, the investiption of polymorphism in raw 
materials .1nd .1lso in solid dosage forms is becoming a common 
practice in industrial quality conuol routines. A r.1nge of an.llytical 
techniques. such as PXRD, DSC. ATR-FnR, near-infrared spec
troscopy (NlR). diffuse reOectJnce infrared spectroscopy (DRIFTS). 
R.Jman spectroscopy, solid state 13C NMR spectroscopy, and tera
hertz (11-lz) spectroscopy, hJve proven suitable for the an.1lysis .1nd 
quantiflc.ltion of polymorphic mixtures [6-14]. 

lmatinib is a drug used to ueat certain types of cancer .1nd 
marketed as its mesylate salt (Schenw 1). It is a tyrosine kinase 
inhibitor and one of the first molecularly targeted therapies used 
in the clinic. Its efficacy was proven in the treatment of chronic 
myeloid leukemia (CML), gasuointi"'Stin.ll stromal tumors. and also 
in other malignancies that involve expression of a tyrosine kinase 
[15[. lmatinib mesylate is prepared using a fully synthetic process 
and shows polymorphism. Due to its novel structure and potent 
biological activity. several synthetic methods were developed by 
organic and pharmJceutical chemists for imatinib. its salts, adsor
bates, and polymorphs including .1morphous form [16-21 ]. Among 
theSl' crystalline forms o and � polymorphs werl"' commercialized 
and used as .1 drug substance in pharmaceutical industry. Com
plete solid-state characterization of these two common forms was 
studied together with their thermal behavior .1nd grinding effeclS 
on their crystalline form by PXRD and DSC techniques [22]. Also, 
a detailed vibrational spectroscopic investigation of� form was 
done by using FTIR and FT -Ram.1n spectr.l supported by qu.lntum 
mechanical calrulations j23].ln particular. o form was described as 
metastable at room temperature and was then initially indicated as 
not useful for the preparation of pharmaceutical preparations [24]. 
Depending on the applied process and modification of thermody
namic variables like pressure or temperature, either a polymorphic 
conversion or form<ttion of Jn amorphous substance may occur dur
ing production of solid dosage drug products (25 J. The aim of the 
present work is to provide a quantiflc.ltion method for� form con
tent in o form of imatinib mesylate in a tablet formulation. This 
method allows us to test the polymorphic purity of the drug sub
stance in tablet .1nd used for qu.llity comrol.lnd stability testing 
of the drug product. In spite of many studies reported. there is 
no report about polymorphic quantification of imatinib mesylate 
polymorphs. At first, we focused our work on the study of quantifi
cation of� form in a form of.lctive pharmaceutical ingredient (API) 
by using PXRD. DSC. and ATR-FnR. Subsequently. we have applied 
the corresponding methods to tablet formulations, and finally the 
selected quantification method (PXRD) was validated for determi
nation of� form content in tablets produced by using o form of 
imatinib mesyl.lte. The validated PXRD method was used for sta
bility testing of tablets and results showed that a form of imatinib 
mesylate is stable in tablet formulation used during these studies 
and no conversion was observed to � cryst.llline form. 

2. Materials and methods 

2.1. Materials and preparation of polymorphs 

lmatinib mesylatl' samples were taken from commercial 
batches produced by Deva Holding A�. (Tekirdag, Turkey). lma-

tinib mesylate standards were supplied by a specialized team on 
standardization of reference standards for analytical use in Deva. 
lmatinib base used for synthesis of imatinib mesylate was supplied 
from Cdymax Pharma (India). Synthetic and analytical reagents 
and solvents were supplit>d from different commercial chemical 
sources such as: Merck KGaA (Darmstadt. Germany}, j.T. Baker 

(Phillipsburg. USA), Sigma-Aldrich (St. louis, MD. USA). L.lb-Scan 
(Giiwice, Poland), and Acros Organics (Geel, Belgium). Deionized 
water was prepared using MilliQ plus purification system (Milli
pore. USA). Deuterated solvents (dimethylsulfoxide-d6 and D20) 
were purchased from Merck (Darmstadt. Germany). Evidence of 
the chemical structures has been provided by an examination of 
1H NMR. 13C NMR. and mass spectral data. and of polymorphic 
forms by PXRD, DSC and ATR-FilR spectroscopy. Purity of each 
polymorph was tested by validated HPLC and GC methods and 
determined to contain <0.5% of other process related impurities. 
Both polymorphs were anhydrous and their water cOntent was 
found below 0.5%. The analysis was carried out by Karl-Fischer 
(KF) titration of I.Og sample using pyridine-free iodoSulphurous 
reagent (CombiTitrant 5 one-component reagent for volumetric 
KF titr.ltion 1 ml equal to ca. S mg H20, Merck, Germany) on 
Metrohm 795 KfT Titrino instrument (Switzerland). 'rablet for
mulations were containing the following excipients besides the 
active drug substance: microcrystalline cellulose (Type 302) URS 
Pharma. Germany). hydroxypropylmethyl cellulose (HPMC E3) 
(Dow, USA), crospovidone (BASF, Germany), colloidal silicon diox
ide (Evonik Industries, Germany), and magnesium stearate (Peter 
Greven GmbH. Germany). 

2. 1.1. Synthesis ofimotinib mesylote {3 fonn 
A solution of methanesulfonic acid in methanol was added 

slowly (in ca. 1 0 min) into a suspension ofimatinib base in methanol 
.lt room temperature. After complete dissolution active carbon was 
added and the mixture was heated and stirred at renux tempera
ture (65-70eC) for 30 min. Then. it was filtered through celite and 
the filtrate was concentrated to dryness. The foamy residue was 
dissolved in methanol and allowed to crystallize at ambient tem
perature. After crystallization. the mixture is stirred for 2 h at room 
temperature and the crystals were collected by filtration, and dried 
for 3-5 h at 60"C in v.1cuo to afford off-white crystalline produCt(� 
form). 

2.12. Synthesis of imatlnib mesylote a fonn 

Half amount of methanesulfonic acid solution in diisopropyl 
ether w.ls added slowly (in ca. 30min) into a suspension of ima
tinib base in isopropyl alcohol at renux temperature (80-BS"C). 
After addition of hot isopropyl alcohol. second half of the methane
sulfonic acid solution in diisopropyl ether was added slowly (in 
ca. 30 min) and the mixture was stirred at renux temperature for 
30min. Then, it was cooled to 30-3Sec. filtered. and the crystals 
were dried for 6-B h at 90-9S <C in vacuo to afford off-white crys
talline product (o form). 

2.2. Preparation of samples 

Samples were prepared in fine powder form and sieved for uni
formity of the particles. Sample preparation and measurements 
were carried out under controlled relative humidity (60 ± 5%) and 
temperature (2S ± 2 "C) conditions. Samples/standards were pre
pared by mixing them in a mortar and sit'ving to get homogeneous 
mixtures. Tablet samples were prepared by peeling the coating 
material and then the seed tablet was grinded in a mortar with 
a pestle and sieved to obtain a homogeneous powder. Standard 
o-� polymorphic API mixtures were prepared <tl different ratios 
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and tabiN S<lmples were prepared by mixing 922 mg placebo and 
478 mg corresponding standard API mixture. 

2.3. Microscopes 

High performance scanning electron microscope (SEM) images 
were taken on JEOL JSM-7001 F (Thermal Field Emission Scanning 
Electron Microscope ,japan) with 1 0.00 kV accelerating voltage. The 
microscope images of crysLals were taken on Swift Phase-Master II 
(USA) phase contrast microscope. 

2.4. Powder X-ray dijJraclomrtry (PXRD) 

PXRD patterns were obtained using a Shimadzu �bX XRD-6100 
X-ray diffractometer (Shimadzu Corporation, japan) by using the 
following instrument parameters: X-ray source: Cu ( 1.5406 AJ, cur
rent: 40 mA. voltage: 45 kV, filter for KP: nickel. and measurement 
parameters: scan axis: 20}0, start angle (28): 3.0' (19.5' for qu.mti
tative p form analysis), end angle (20): 40.0' (21.0-- for quantitative 
p form analysis), step size: 0.028', and scan speed: 0.250 ("{min). 
A peak corresponding to imatinib mesylate p form of occurring at 
.1bout 20v.1lue of20.5 ± 0.2' is considered .lS ch.lr.lcteristic pe.lk for 
thedeterminationoftheamountofp form ina form ima.tinib mesy
late. Samples were placed into the sample holder and the sample 
surface was smoothed with a glass slide. Measurements were done 
by scanning the linearity samples and plotting a calibration curve. 
Then two samples were scanned and intensity of the peak occur
ring at 28 values of20.5 ± 0.2' (relatc:-d to p form) was determinc:-d. 
Amount of imatinib mesylate p form was calculated according to 
the calibration curve using the following formula X (%) • (a J._y)Jm, 
where ·a- is peak intensity of p form in the diffractogram of sam
ple. ·y· is y-intercept derived from linearity plot. and •m- is slope 
derived from linearity plot. 

2.5. mR spectroscopy 

Samples were measured as neat by using ATR on Shimadw FnR 
Spectrometer IR Prestige-21 {Shimadzu Corporation. japan) in the 
range of 600-4000cm-1 with 20 scans and 2 cm-1 resolution. 

2.6. Differential scanning calorimetry (DSC) 

DSC measurements were carried out using a Shimadzu DSC-
60 instrument (Shimadzu Corporation. japan). The instrument was 
calibrated for temperature and heat now using indium and zinc 
standards. The samples {2-3mg) were placed in sealed aluminum 
pans under nitrogen purge at now rate of 30 ml/min. The samples 
were heated from 100"( to 250·--C at a heating r.tte of 10'Cjmin. 
Data acquisition and analysis were performed by using Shimadzu 
TA-60WS software. Start and end points for the integration of the 
thermal peak were identified by visual inspection. The amounts of 
the samples were weighed in a Sartorius ME23SS analytical balance 
(Sartorius AG. Gottingen. Germany) with a resolution of O.Dl mg. 

2.7. Validation of analytical method 

The analytical method developed for quantification of imatinib 
mesylate p form in o: form tablets was checked for validation 
parameters like specificity, limit of detection {LOD), limit of quan
titation (LOQ),linearity. range. accuracy and precision. 

Specificity (selectivity) of the method was determined by scan
ning placebo, p form.o: form, p form with placebo and a form with 
placebo samples. Diffraction peak ofp form {20.5 ± 0.2' 20) on the 
diffractogram of p form with placebo should be clearly observed 
and no diffr.tction peak ofjl form should be observed on diffr.tc· 
tograms of placebo and o: form with placebo. 

The LOD of the quantitative method w.ts determined by .tn.t
lyzingn form tablet samples spiked with 1% .  2%, 3%, 4%. 5%, 6t. 8%. 
and 10% p form. Detection limit was set as the concentration at first 
selected diffraction pe.tk appeared and quantit.ltion limit was set 
as three times of LOD value. 

Une.trity of the method was determined by scanning five stan
dards in the r.tnge from LOQ to 150% of specification limit of P 
form (LOQ 50%. 100%, 125t, and 150%). Slope of regression line, 
correl.ttion coefficient (R), and residual sum of squares (RSS) were 
reported. A linear relation between .tmount of� form and relative 
peak intensities was achieved . 

Samples at Ieveil (LOQ) and level 5 (75% p) were scanned six 
times for range study. Rel.ttive st.lndard deviations (RSD) of intl'n· 
sities at minimum (LOQ) and maximum levels were calculated. 

For the determin.ttionor accur.tcyofthe method, recovery study 
was carried out by analyzing four different concentration {12. 25. 
50, .tnd 75% f3) samples in triplicate. The percentage of the aver.tge 
recoveries was calculated. 

Precision {repe.ttability) of the method was ascerta.ined by ana
lyzing six different s.tmples containing 50% f3 Form under the same 
working conditions. For inter-day precision, six different samples 
{50% Pl were prepared and an.tlyzed on a different day by a dif
ferent analyst. RSD of intensities and difference between mean of 
recoveries of two studies were calculated. 

2.8. Stability sludies 

Stability studies were conducted under acceler.tted {40 ± 2 °(. 
75 J..St humidity). intermediate (30.± 2 °(. 65 ±51 humidity) and 
long-term (25.i2"C. 60±5% humidity) stability conditions [26]. 
The samples were an.tlyzed to determine the polymorphic purity 
by the developed PXRD method reported herein. Different drug 
substance and drug product samples were subjected to various sta
bilityconditions and samples were analyzed by using OSC and PXRD 
methods. 

3. Results and discussion 

3.1. Characterizatian ofimatinib mesylate polymorphs (Ct and /3) 

Microscopic and SEM images ofimatinib mesylateo: and p form 
crystals .tre shown in Fig. 1. 'Nhere. crystals oro Form are needle 
shaped while p form cryst.tls are plate-like shaped. This differ
ence could be explained by their conformational differences in 
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tht> crystal l.micc and packing arrangement. co1used by tht> differ
ences in their intra- and intermolecular intt>ractions. Single X-r<ly 
cryst<tl diffraction studies ]22] showed that each crystal form was 
subjected to different intrrtmolerular interactions to stabilize their 
molecular conformdtion (Supplementary Figs. 51 and 52). In both 
Fonns weak intri'lmolecular hydrogen bonds were determined. but 
at different positions. Both crystal structures presented a dimer
chain arrangement and neighboring chains were linked by very 
weak interactions and again differently from each other. Crystal 
shapes observed on microscopic images {Fig. 1 )  and dimer-chain 
arrangements shown on the packing diagrams (Supplementary 
Figs. 51 and 52) of polymorphs are complementary. Crystal shape 
of a drug substance is important especially for tablet products since 

it may innuence the compaction behavior. flow-ability and the ten
dency to stick to the punches ]27 ]. Of course, this effect could be 
minimized by addition of proper excipients as in the case of ima
tinib mesylate fl form, which has worse now properties due to its 
morphology {needle-like shaped) with respect to now propenies 
compared to [3 form (plate-like shaped). 

Polymorphic purity of synthesized o and [3 polymorphs were 
confirmed by PXRD. FJ1R, and DSC analyses {Supplementary Figs. 
53 and 54), and they agreed well with the literature results ]22.23 ]. 
Both polymorphs are thermodynamically stable and show similar 
aqueous solubility characteristics, therefore both could be used for 
the manufacturing of the drug product. In-vitro dissolution profile 
of the tablets manufactured by using o. polymorph was similar to 
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the inventor's drug product manufactured by using 13 polymorph 
(Supplementary Fig. SS). n form is more hygroscopic comp.ued to 
f3 form, but this does nm affect its polymorphic stability when it is 
in pure a form. If the drug substance contains even small amount 
of f3 form and subjected to humidity, there is a polymorphic con
version t('ndency toward f3 form. This tendency was not observed 
in our tablet formulation and it was monitored by keeping the drug 
product samples at various stability conditions for several months. 

32. Evaluation of PXRD. FTIR. and DSC melhodsfor 
detennination af {3 polymorphic impurity 

PXRD. FTlR. and OSC methods were evaluated for determination 
of f3 form impurity in o form of imJtinib mesylate both for drug 
subst;mce Jnd tJblet product. First evJiuation was done by com
pJrison of pure drug substance polymorphs .ilnd then drug product 
was evaluated. 

PXRD p.llterns (Supplementary Fig. S3A) were evalu.ilted for 
determination of characteristic 13 fonn peaks compa.red too form 
and a very distinct <1nd strong diiTr.ilction peJk Jt 20.5 :1.: 0.2· 20 was 
selected to build the calibr<ltion model. X-r<ly diiTractograms were 
acquired for the o form drug substance samples spiked with 0.5%, 
1%. 2%. 3%. 4%. 5%. 6%. 8%. and 10%13 polymorph for LOD study 
(Fig. 2A)and 3% (LOQ). 12%,25%, Sot, 62.5%, <�nd 75% for line<�rity 
studies (Fig. 28) in the range of 19.5- 21.0' 20; from which J linear 
calibration plot was obtai ned with oil correlation coefficient of 0.992. 
y-intercept 411,and slope 570. Results for the mentioned n-13 mix
tures showed that PXRD is a suitable method for determination of 

13 fonn content in o form of the drug subst<lnce and the detec
tion limit was about 1% using the 20.5..l0.2' 20 diiTraction angle 
relative peak height. On the basis of these results, PXRD method 
was evaluated for determination of f3 polymorph in tablets where 
fl polymorph of imatinib mesylate used. For this purpose. X-ray 
diiTractograms for samples of pure o and 13 form containing tablets 
and placebo were compared and no diiTraction peak was observed 
foro form drug product and placebo Jt the selected diiTrJction peak 
(20.5±0.2' 20) of 13 form (Fig. 3A). All preliminJry studies sup
ported that PXRD method is also suitable for determin<ltion of 13 
form content in tablets. 

To investigate the potential of the ATR-FllR technique for quan
titative polymorph analysis. FllR spectra of o-13 form pure drug 
substances (Supplementary Fig. 538) and drug products (Fig. 38) 
were evaluated. The o form spectrum exhibits an additional vibra
tional band at 1446cm-1 that clearly distinguishes it from 13 form, 
indicJting thatATR-FllR can provide definitive identification of the 
two polymorphs. Several standards containing 0, 0.5, 1 ,  2, 3, 4, 5, 
6, B. 10. 12. 15. 25. so. 62.5, 75, 85, 90, 95, and 100 wt% of 13 form 
in mixtures of o-[3 form drug substances Jnd drug products were 
analyzed. The ATR-FllR spectra showed that intensity of the band 
at 1446cm-1 increased by the increase of the weight percent of 
n form from 0 to 100% in the polymorphic mixture (Supplemen
tary Fig. 56). By plotting the absorbance at 1446cm-1 against the 
weight percent of f3 form in the polymorph mixture, a lineJr cal
ibration plot was obtained with a correlation coefficient of 0.977 
(y - 0.2052x + 65.313) .ilnd 0.959 (y - 0.2762x + 67.605) for drug sub
stance and drug product, respectively. Belter correlation was 
achieved by peak ratio appr0<1ch and the band at 1630cm-1 w<ls 
selected as reference to eliminate baseline eiTects, any variation 
cJused by sample p.1rticle size, or intensity of the FllR source. This 
approach yielded better calibration curves with correlation coeffi
cient of 0.994 (y- 0.0022x +0.651 ) and 0.977 (y- 0.0027x +0.7231) 
for drug substance and drug product respectively. rTIR method 
by using peak ratio appr0<1ch seemed to be useful especially for 
determination of polymorph content of imatinib mesylate drug 
substances rather than tablets. since it showed better correlation 
coefficient. 

The potential ofDSC technique was investigated for quantit.iltive 
polymorph analysis of n-[3 form pure drug substances and drug 
products. The melting event for f3 form drug substance �tarts at 
216"C (onset temp.) and ends at 222 °( (endset temp.) and foro: 
form starts at 225 "((onset temp.) and ends at 230"C(endset temp.) 
(Supplementary Fig. 54). There was no ove-rlap between melting 
endotherms of u and f3 polymorphs. and they seemed useful to 
be used for evaluation of quantitative analysis. For this purpose. 
several standards containing 0.5, 1 .  2. 3. 4, 5, 6, 8. 10. 12, 15, 25, 
50. 62.5, 75, 85, and 90wt% of 13 form in mixtures of o-13 form 
drug substJnces and drug products were analyzed. Pure o: form 
showed lower melting enthalpy (98.29 j{g) compared to f3 form 
(11 0.85 J/g) as an API (Supplementary Fig. 54) and similar behavior 
was observed in drug formulation by meltingemhalpies of22.28J/g 
and 31.38J/g. respectively {Fig. 4A Jnd B). Interestingly. melting 
enthalpy of 13 form decreased on DSC thermograms of n•l3 poly
morph mixtures and for a form J distinct increase was observed. 
Fig. 48 and C shows DSC thermograms of 50% o:-13 mixtures of API 
and drug product where this enthalpy changes could be seen clearly 
as following: 72.23J/g foro: and 38.62J/g for 13 in API mixtures: 
9.65 J/g for a and 6.37 J/g for 13 in tablet formulation. This substan
tial change indicates an enantiotropic relationship between both 
forms and could be explained by conversion of the f3 form to a form 
at the melting temperature by seeding eiTect of the o form, since 
there is no additionJI endotherm in case of pure 13 polymorph. The 
converted f3 form then melts at the melting temperature oro: poly
morph which increases the melting enthalpy ofn form. Luckily, this 
enantiotropic relationship did not aiTcct the linearity of calibration 
curves drawn by plotting the heat U/g) absorbed by 13 polymorph 
agJinst the weight percent ofl3 form in the selected levels of u-13 
polymorph mixtures of drug substances and drug products. Un
ear calibration plots were obtained with correlation coefficients of 
0.998(y •0.8504x- 3.3478) and 0.997 (y • 0.1 72Sx- 1.947) for drug 
substJnce and drug product, respectively.LOD and LOQ of the DSC 
method developed for quantitative analysis ofl3 form in drug sub
stances were found 1% and 3l: and in drug products 4% and 12%, 
respectively. 

3.3. Comparison of PXRD. DSC. and ATR-FnR techniques 

Based on the comparison of their LOO values, PXRD and DSC 
methods were found equivalent and both could detect 1 %  of f3 
polymorph in drug substance and 4% in tablet formulation. But, sen
sitivity of ATR-FllR method was not so good and LOO for 13 form 
was found as 12% in drug substance and product. 

The poor performance by ATR-rTIR. which is the easiest and 
fastest method among the polymorph quantification methods 
studied in this report. was mainly due to the selection of trans
mittance band. Unfortunately, there was no strong and distinct 
transmittJnce band for 13 polymorph on FllR spectrum compared 
to u polymorph. Thus, a strong and distinct transmittance band 
{ 1446 cm-1) of o: form was selected to build a calibration curve but 
this did not give enough sensitivity for determination of 13 polymer
phic content. For better results. diiTerent approaches may have to 
be applied, such as taking derivatives oft  he spectra. finding the dif
ferent absorbance band (s)and developing a quJntilication method 
accordingly [28[. 

PXRD and DSC methods gave very good calibration with simi
lar sensitivities and capable of providing proper determination of 
the polymorphic content in drug substJnce and tablet formula
tions of imatinib mesylate a and 13 forms. However. PXRD requires 
careful sample preparation compa.red to DSC. where no special 
sample prep.uation is required, PXRD was found more convenient 
and advantageous due to being non-destructive so the sample can 
still be used for further analysis after the measurement. Also. PXRD 
technique is more time saving by using automated sample holder 
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which is not <tpplicable on DSC systems. whert• samples should be 
placed and run by the an.alyst one by one after each other. Despite 
the simplicity of the OSC method, there is a possibility of drug
excipients interactions. which m.1y produce unpredictable change 
to the therm<tl events that interfere or overlap with the melting 
endotherms, thus resulting in unreliable quantification oft he poly
morphic content. According to our studies with imatinib mesylate 
tablet fonnulations, none of such effects and overlaps was detected. 
So. DSC could bt> an alternative convenient way for ensuring the 
polymorphic content of API and tablet samples. The pe.lk interfer
ence of the API and the other contents (such as excipients) on the 
X-ray diffraction pall ern should be minimal. Since each compound 
has its own set or characteri5tic peaks, PXRD is suitable for the 
an<�lysis of formulated samples such as tabiE'Ls (or other solid sam-

I 
pies) bt>sides the API s. In both methods. other ingredients cOntained 
in the tablet formulation lowered the sensitivity, and detectable 
amount of the imatinib mesylate 13 polymorph was found ks 4� for 
drug product. which was 1% for the drug substance. I 

To compare the accuracy of PXRD and DSC techniques for 
both o-13 form binary mixtures in API and tablet formulation, 
six stand.ud API samples containing different amounts of 13 form 
were prepared and four of these binary API mixtureS where 

13 form content was above 4%, were used for tablet rormula
tion. All binary API and tablet mixtures were analyzed by the 
dewloped PXRD and DSC methods and results are summarized 
in Table I. Among both techniques, PXRD provided more accu
rate results for determination of the 13 form amount for API and 
tablets. 

if( 



I 
• 

f. �1/ur Arid. B. Karh,l!n/jaumatofl'l!arm«turia!l and Blom•dlrnlil.nalyris 11.( (2015) ]](1-J.f(l 

'" 
•• 

" a f<>rm 
>00 

. 000 
000 =.:::rm-l� 

T...,lb>IH«::T""' 
-2,0) 

1,. .. �= 
_, ' "  "" -· •. 00 

- ··= 
·-· m= �.0) 

om - �-
·•"" 

-UIO •. 00 

-2.00 
000 !I form B 

>.00 
' 

ls_.,..w� l.o:J«na� 2.00 Slo�T..-.. 00.0 
i T.....,R ... -T..,.., 
,_, ' "  
' 101'1 -· 

'I 
o.oo 

•• 21 1.� 
- 211HC 

"" 

.,j 
0.00 000 1(1.00 

·- == 
�· �-

�""' 

"00 
Time lminl 

�w..-oH:q.,.l ...,,,.,..,,�., 
·-�--·-
l.;hon I � '-' I ,. •• 

D 

... ,.. ... ., 1�1 SO...T'""' I)JO 
...... " ......... ...., 
1:-.1 I c I IOOC �0 

000 ••• 

-· ' ·
�· 

-
-
·-
,.,., 

·� I'TW>l 

p· 

1!1,1)!1Cj 
"'IJTC I 
111 S5C 
.,.ss.r.�· 
.., )1-111! ' 

p " 

" 

..... -
-
·-

j::. 
,--

10.00 

nlcTc"l :n•Oec : 0'01) n�l.c 
·17115N 
·TI*IJI; , 

"" 

m8oc ' 
="' 
== 
-:n� 
.,,. 'g 

tlg. 4. DSC !htnnog�ms of(A) a md (B)� form in uhl� fomoul.uion,(C) 5CIX 11 Jnd � fomo API mixfOJrt. md (0)50\ a •nd �form API miluurt in r;blr! fonnul.uion. 

3.4. PXRD mt'fhod validation 3.4.12. Umil of dereclion and limir of quontijirmion. I'ILebo s.lm
pl!'s spiked with J%. 2%. 3%. 4f, 5:1', 6%. 8%. and 16% � Form 
ront.lining Al'l Stilndards were analyzed (Fig. SA). Firstldiffraction 
peak appeared at 4% 13 form containing sample and det�ction limit 
was d('t('rmined iiS 4%.lOQ value was three times of the'LOD value 
and set as 12%. 

All preliminary studies supported that PXRD method is suit
able for determination of 13 form content in drug product and 
the method was validated For the select('d diffraction peak, in the 
19.5-21.0" 20 range with SOt specification limit. 

3.4. I. Mrlhod validation 
3.4.1.1. Sprdjiciry. Placebo.l3 form. ll form.� form with placebo, 
and o form with placebo samples wer(' scann('d by using the spec
ified measurement parameters given in Section 2.4. Mrthod was 
found selffiive since diffraction peak of 13 form (occurring at about 
21:1 value of 20.5±0.2') in the diffractogram of j3 form{placebo 
mixture could be clearly observed ilnd no diffraction peilk was 
observed in the diffractograms of placebo and (l form{placebo mix
ture (Fig. 3A). 

T•bl•l 
ComNrison ofPXRD�nd DSC tKhniques for11'1equ�n11fic.J1ion of� fomo content in 
bin�ry API �nd !�ble! mixfuft'S. 

Ar1u�\ p fnm> cnntem (l;: p fnm• cont�nl (t.) d�erm1� fnr/hv 

AI' I ·r�hler 
PXRIJ "'' PXRIJ DSC 

l.!ll 2.69 ... 
,., 3.7R S.21 
8.41 R.lO 'm (i4fi 14.43 

IH.OJ \fi.f,(i 11i.30 1G25 \ 7.33 
2 6.98 2l .SO 23.40 25.79 23.11 
44.00 44.)1 )5.69 42.75 56.79 

3.4.1.3. Unrarity and rallgi'. Five standards in the range from LOQ 
to 150% of specification limit (LOQ. 25%. SO%, 62.5%, and 75%) 
wer(' scanned (Fig. 58, Supplementary Table 51). Calibr3.tion curve 
showed a linear relation between amount of 13 form a1nd diffrac
tion peak (20.5 ± 0.2') intensity measured on X-ray difffactograms 
and correlation coeFficient was found as 0.992. where Y-intercept 
and slope was found as 261 and 194. respectively. ReSidual sum 
of squilres (RSS) was found as 1586294. S<imples at L6Q (12% 131 
and maximum concentration level (75% �) were used for range 
study. RSD of intensities of six replicate injections w<ls found as 
3.5'-t at LOQ level and 5.2'-t at maximum concentratiori level. and 
this working rilnge was found appropriate. I 

3.4.1.4. Accuracy and precisian. The accuracy of the method was 
evaluated on samples spiked with 13 polymorph in triplicate at four 
levels of 12% {LOQ). 251:, SOX, and 75% (LOQ. 50. 100, and 150% of 
the specification limit. respectively). S<itisFactory recoveries were 
achieved at each level in the rangr of 87-112% for high concen
trations and 83-92% for LOQ level (T.1ble 2). The precision of the 
method was investigated by scanning six individual sartiples spiked 
with l3 polymorph at the specification limit (SO%). The si'!me proce
dure was applied for the inter-dJy precision by a dirretent analyst 
on a different day. Recoveries for the intra-day and intef-day pred-
,;, ""';" wm ob";""' ;, <h• ""'' orl 08-1 1 "'"1 1 0� 'i/ 
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lttsuiU oft he PXRD method V3\!d.>uon ;accuruv •nd p�><ion uu<ht!.. 
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'l.blt1 
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lnremiry 

11111 
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10259 
10026 

f.xp.IJ fonn ' Recovery 

,., : (1; 
" "' 

"' ; I 12 
, '" 

, "' 
" "" 

"' "' 

,., '"' 

"' "' 

" "' 

,., "" 

" "" 

"' '"' 

Cnndltllln ActuJI B form cnmenr B form ronrenr (1)de!ennin� by l'Xl!D 

'" lmt1.1\ 

25 j 2•(.(.0! St, RH 10-\S 14 -� 
4012"C,7515t,RH 
2512•C,f>O!S'.I.Rll 35-40 39.3 
30ot.2"(,fiSt5t.Rll 
40oc2"C.7515tR!l 

Hll: �l.m�t hum1d>rv: Nil: ru>r �pplic�hle. 

respectively (T.1ble 2). RSD of recoveries were found as 1.68% and 
4.23%. respectively. Dilferencl"' ofthl"' ml"'an recovl"'tii"'S betwl"'en two 
studies for intra-d.ly .1.nd inter-day precision was found .lS 3% and 
the method was found to be sufficil"'ntly precise since no significant 
variation in the found results was observed on any day. 

Requirl"'ments for each stage of the validation study were ful
filled. Thus, our developed PXRD method was specific, lin!'ar. 
selective, precise and accurate. and could be used for determination 
of� polymorph content in tablets produced by using o: polymorph 
of imatinib mesylate. This method is us!'d to control� form con
tent in manufactured imatinib mesylate tablets (JOOmg, 200mg, 
and 400mg n form} and to monitor the polymorphic stability of a 
form API in drug product during stability studies. Ten commercial 
size batchl"'s and their stability samples were analyzed by using this 
method and in nonl"' of them� polymorph was detected. 

3.S. Polymorphic stability 

Samples of a form containing tablets from different m.lnuf.lctur
ing batches were subjected to various stability testing conditions 
and analyzed according to the validat!'d PXRD method to configure 
the stability of a form in the tablet formulation. The results indi
C.lted that o form was not converted to� form during the tablet 
manufacturing prort'ss. and also under routinl"' (25 ± 2 "C. 60 ± 5% 
humidity}. intermedi.lte (30±2"C. 6S±5% humidity} and accel
erated stability testing (40± 2 •c. 75 ± 5% humidity} conditions in 
the original tablet form (film coated} and package (lOPE blister} 
(Supplementary Figs. 57 and 58). Additional studies were carried 
out undl"'r .1ccelerated stability testing conditions by subjecting the 
tablets directly without any package and also by peeling their film 
coating. No polymorphic conversion to � form was observed on 
X-ray diffractograms of the sampll"'s takl"'n from diffl"'rent parts of 
the tablets {surface and middle pans measured separately) which 
confirmed that o polymorph is st.1ble in our ublet formulation. 
Similar study was carried out by subjl"'cting purl"' o: form API in 
its origin.1l p.1ckag1"' {doubll"' LDPE bag) and in open n.1sks to the 
same conditions. In both case, o: form API was found stable and 

J month< filllDillh� 12 mnn!11� Ill month� 

11.7 14.1 13.5 13.9 
13.9 14.6 " " 
37.1 36.9 37.) " 
39.1 38.7 39.5 " 
Jll.2 37.1 " " 

I 
not affected from the outside temperature and humidity, and no 
conversion was detected to � polymorph (Supplemen�ry Fig. 59}. 
Another study was carried out by subjecting o form API contain
ing small amount off3 polymorph {ca. 1%} in package �nd in open 
nasks to 40 ± 2 •c. 75 ± S% humidity conditions. a-13 pblymorphic 
content of thl"' packed sample did not change in time! But. in the 
case of open drug substance samples, complete conv'ersion to f3 
form was observed in time (approximately in two mohths) (Sup
plementary Fig. 510). The polymorphic conversion of ithe 13 form 
containing n form API samples subjected to high humidity directly 
could be explained by seeding effect of the more favOrable crys· 
talline f3 form. Fortunately, our tablet formulation Was able tO 
prevent such a polymorphic conversion .1nd this wa� proved by 
subjecting two different tabll"'t samples {400mg API)' containing 
10-15:1:: and 35-40:1:: 13 polymorph to normal, interrtlediate and 
accelerated stability conditions and followed for 18 and

.
12 months, 

respectively. X-ray diffractograms of the samples (SupPlementary 
Figs. 511 and S 12) were analyzed and no significant difference was 
observl"'d on polymorphic contl"'nt of the tablets durirlg this timl"' 
period{Tablr 3). Both polymorphs were also subjected tb high tem
perature {2QOoC) in open nasks for one Wl"'ek and mOnitored by 
PXRD and DSC studies. where no chang�"> was obsl"'rved on their 
crystal structure (Suppll"'mentary Figs. S 13 and 514). 

4. Conclusion 

Mixwres of polymorphs may occur and the extent of their 
prl"'sence in pharmaceutical ingredients and tabll"'tS carl be of con
sider.lble importance and lead to difficulties associated with the 
product development and registration phases. Quantification of 
imatinib mesylate o: and 13 polymorphs in solid binafy mixtures 
was studied using PXRD, DSC. and Affi-FnR spectrosCopic meth
ods for drtermination of polymorphic purity of the API and tabiNs. 
Among these three techniques, PXRD provided the mdst .1ccurate 
determination for the amount of 13 form follow('d by DSC. while 
Affi-FnR spectroscopy was the least accurate. Thus. a quantitative 
method employing PXRD to determine the polymorphiC content of 
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tabiN samples was developed and validated. Careful .1nd consistent 
sample prepariltion with particle size control was vital in develop
ing a robust calibration curve for quantitation, and the method was 
i!ble to quantify the 13 polymorph impurity down to 4% in tablets. 
The QU<Intitativc PXRD method reported herein represents a useful 
tool for monitoring the polymorphic content .md crystal form st.a
bility of n form of im.uinib mesylate in tablet formulations. Here, 
it was shown that tablets produced by o crystal form of API were 

• highly stabilized by the excipients used in the formulation <md no 
detectable polymorphic tr<tnsformation to 13 form w.1s occurred 
during manufacturing process or stability periods. 
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rig. S l .  C�·stal structure and packing diagram or imatinib mcsylatc u form displacement ellipsoids drnwn at 50'% probability ]C\'Cl. intra- and 

intcnnolccular interactions shown as dashed lines [22[ .  
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J<"ig. S2. Crystal stmcturc and packing diagram of imatinib mcsylatc f\ form - displacement ell ipsoids drawn at 50% probability level. intra- and 

intermolecular interactions shown as dashed lines [22). 
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and 40 ± 2 oc. 75 ± 5% RH). 
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Fig. S!t Stability studies: X-ray difTractograms of 400 mg imatinib mcsylatc (CL fonn) tablet (25 

± 2 °C. 60 ± 5% RH. 30± 2 oc. 65 ± 5% RH and 40 ± 2  °C. 75 ± 5% RH). 
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Fig. S9. Stability studies: X-ray dilTractograms of imntinib mcsylmc (a fonn) API (25 ± 2 °C. 

60± 5% RH and 40 ± 2 oc. 75 ± 5% RHl. 
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Fiu. S i ll. Stability studies: DSC thcnnogrnms of irnntinib mcsylntc API tt form (containing � fonn) con\·crsion to � fonn in open nasks at 40 ± 2 °C. 75 ± 5% RH: (A) 

initial. (B) after two weeks. (C) after one month. and (D) after two months. 
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I Fig. S l l .  Stability studies: X-ray diffractograms of 400 mg imatinib mcsylatc (a fonn containing l 0-15% � fomt) 

tablet (25 ± 2 °C. 60 ± 5% RH and 40 ± 2 °C. 75 ± 5% RH). 
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El prr-scmc documcmo es una tmducción uflci:1l :1 csp:,nol de un dr.cume11to en inglés. 
ROBERTO M. Ol.ARTE GARCÍA 
Trnductor e lntérprttc Oficial 
Ministerio de Justicia, Rcpillllica de Colombia 
Rc�olución No. ()().11f1996 

Dirección: Cm 5 3•1 03, Bogotá- Clllomllia 
TCicfono: + S71 601 7700 

Yo, Michael Mutz. edad 57niios. con domicilio en Fl"ciburg i.B .. Rcpltblica Federnl de Alemania, afirmo 

y declaro lo siguiente: 

A. Expericncin 

l. Soy nctualmentc Fcllow Principal (Experto senior en quimicn del estado sólido) en Novartis 

Pharma AG en Bnsilc-a. Suiza. 

2. Obtuve el Titulo de ivlagíster (diploma) de la Universidad de Friburgo i.B .. 

Alcmana(RFA) en 1984 y un Doctorado (Drser.nat, ) en química fisica 

Universidad Libn: de Berlín. RFA, en 1989. 

Rcpltblica Fednal 

y biofisica dh la 

3. Entre 1990 y 1991. rc.alicé trabajos de investigación postdoctoral en In Escuela Normal Superior, 

4. 

Pnrís, Fnmcia en química biofísica. 

He sido empleado de fonna continua desde 199 l. primero en Ciba-Geigy AG. y postcriormcntt en 

Novartis, tras su formación en 1996 de la fusión de Ciba-Gcigy y Sandoz AG. Empecé en 9iba

Geigv como jefe de lnboratorio en el dcpal1amcnto de Servicios Científicos. con espccialidntl en ' 
1 

quimiea física. El foco prineipnl de mi trabajo en Ciba-Geigy y Novartis ha sido el polimorfis1í1o y 

la caractcri;r..ación de los estados sólidos de sólidos farmacéuticos en el desarrollo de f¡ínna�os . 
incluvcndo la caracterización analítica usnndo cristalización. la difracción de pol\'0 de rav,Js X 

(XRI:D). microscopía. :m:'tlisis de sorción de humcdnd. anúlisis térmico (calorimetría difercn�J (le . 
1 

barrido (DSC). TGA y TMJ\1. microealorimctrín y espectroscopia (FT1R2, Raman y RMN1 de 

Estado Sólido). 

l Amílisis tcrmogravirnCtrico y análisis terrnomccánico. 

2 Espectrornctria infrarroja con tnmsformada de Fourier 

3 Resonancia magnética nuclear. 



1 • 

5. Soy autor o co-autor de más de veinte publicaciones en mi campo de trabajo. 

6. En vittud de lo anterior, me considero un experto en el campo del polimorfismo 

caracterización del estado sólido de sólidos farmacéuticos en el desarrollo de fármacos. 

l:t 

r 

ROBERlO M. OlARlE GARC!A 
Traductor e lntéfpraie Oficial 

Resolución No. 0041 
Mlnljustlcla 1996 



B. Instrucciones 

• 

ROBERTO M. OLARTE 1GARCIA 
Treductorelntérpme Oficial 

Resolución No. o04t 
l!lnlju$tlda 1996 

7. Se me solicitó preparar una declaración juramentada en nombre de Novurtis para esta acción en 

Colombia en relación con una dcclaració11 de interés público rclaciorwda con la patcntd 
colombiana ¡¡ nombre de Novartis número 29270 (CO 29270) que reivindica la fonmJ 

l. · 0 " 1 1 ¡e 1 · · "b' 1" d 1 · · · d 1 1 po 1mor11Ca 1' e e mctanosu 1011ato e e mmtllll . �n esta ce arnc10n JUrament<J <�. se me m 

solicitado tratar los siguientes puntos: 

Estructuras cristalinas y polimorfismo en general- véase la sección C de cs\:1 

dcclamciónjur:uncntada (párrafos 8 a 11 a continuación). 

ivlétodos de identificación de polimorfos en una muestra- véase la sección]) (p:irrafos 

12 a 17 a continunción). 

Polimorfos conocidos de mesilnto de imatinib y los procesos parn su preparación

véase la sección E (párrafos 1 S a 39 a cominu<Jeión). 

Posibles métodos p<�ra la producción del polimorfo u. o una formulación farmacéutica 

que contenga el polimorfo u. que adem:ís produzca el polimorfo n u otro polimorro- véase la 

sección F {pármfos 40 a liS a continuación). 

La posibilidad de que el polimorfo o se convierta en el polimorfo n-véase la sección G 

(párrafos 49 a 55 a continuación). 

C. Estructuras crisl:tlinas y polimnrlismo en general 

8. La mayoría de los compuestos orgúnicos forman estructuras cristalinas. El mesilato de imatinih 

es uno de estos compuestos. 

Las estructuras cristAlinas se fOrman por un proceso conocido como cristalización. por el cual las 

moléculas de una sustancia se agrupan y se u linean en un pmrón de repetición regular de una 

retícula cristalina. 

9. La cristalización es una manera importante de separar un producto en una fOrma 

sustancialmente pum a partir de una solución impura. Este proceso se utili;r_.a a menudo en la 

industria farmacéutica. pues la pureza es muy importante en la producción de un fúrmaco para 

uso humano. 

4 Lo que también se conoce por su nombre <�brcviado mesilato de imatinib. Uso ambos ténninos de l(mml 

intercambiable en esta declaración juramentad<�. 2'"'�'�5.ll 
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10. 

11. 

1 
ROBERtO M. OLARTE GARCUI 

TniCiuctor e tnt61'P� Oficial 
Resolucl6n Ho. 0041 

MJnl¡ust!da ,996 

1 . . . 1 d '1 d 
. . 'b 1 'b ' 1' ,- ' 1 1 /1. gunos compuestos organlcos. me uycn o mcs1 a lO e lllHIIIIll . ex 11 en po nnor ISillO . o que 

significa que el compuesto puede existir en m�s de una estructura cristalina o forma. DiiCrcntcJ 
polimorfo� tienen diiCrcntcs propiedades lisico-quimicns. tales corno solubilidad. cswbilictad 
química. biodisponibilidad. morfología, puma de fusión. higroscopicidad y densidad. L:j 
selección de un polimorfo apropiado cs. por tanto. un aspecto importantt: en el desarrollo de lllj 
fármaco. dada su potencial influencia en las propiedades del fúrmaco. Existen varios métodoJ 
para identificar y caracterizar los polimorfOs de un compuesto orgilnico. Muchas de cswJ . . . . 1 . 1' 1 1' . . d 11 1 tccmcas se menciOnaron antcnormente en e parrn o ' , v vo cxp LCO como v;mos e e os 

funcionan en los p:írrafos 12 a 17. a coutinuación. 

. . 
1 

El mcsil:no de imatinib se puede cristalizar en varias formas polimórficas. CompañiJ 
1 

farmacéuticas de todo el mundo han descubierto v documentado muchns formas diferentes del 

mcsilato de imatinib en las (Jilimas dos décadas. 'l;o describo algunos de estos polimorfos en loJ 
p:irrafos 1 8  a 39. a continuación. 

D. Mi-todos de id{'ntil"ir:u:ión de polirnorrns {'11 una m uestra 

12. Es posible anal iz:tr una muestra par:t dctcnninar cuáles de los mlL !tiples poi imor!'os conocidos 

est:in presentes. 

Algunas pruebas com(Jnmente empleadas para este propósito incluyen XRPD. rnicr0scopia. 

anúlisis de sorción de humedad y DSC. Estas técnicas son capaces de detectar dill:reneias en I¡¡J 
propicdHcks de distintos polimorfos. que surgen debido a las diferencias en sus cstructuraJ 
crislalinas. Tales propicd:Jdes son características de cada polimorfo. de manera CJLLC se puede) 
utilizar para identificar la presencia del polimorfo en una muestm. 1 1 

13. En el departamento donde trabajo en Novartis en Basilea. utilizamos nLlinariamcutc XRPD y' 

DSC para determinar si l:1s muestras contienen formas polimór!ieas pa11iculares de unw 

substancio activa. Estas tCcnicns pueden identi!icar de forma !iahle la presencia de un polimorfo 

particular en una muestra. siempre que la cantida(l presente en 1:1 muestra sea nwyor que el 

límite de detección (UJJJ) de la tCcnka utilizada. Cada tCcnica ana!itica tiene un LOD. que es la 

cantidod más baj:l de una sub�tam.:ia distinguible de la ausencia de dicha substancia. Por 

t•jcmplo. si 
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un técnicn panicular tiene un LOD de 5%, esta témica podria incquívocmncntc idcntiticar d 

polimorfo en ttna muestra que contiene 50%. 20% o 5% de ese polimorfO. Sin embargo. la 

técnica seria inadccumla para idcntilicar la presencia del polimorfo en una muestra qu) 
t'Onticnc solamente 2% del polimorfo. En t:Jlcs casos. m1 método más sensible de detección 

sería nccl�Sario. 

111. La XPRD se utiliza a menudo pam idcntilicar polimorfos en una muestra. como resulta� 

evidente¡¡ partir del ejemplo de datns de XRI'D al que se refieren los p:irmlüs posteriores de' 

esta declaración juramcmada. Generalmente se considera <¡uc es un método scnsibk y liablc
i 

para dctcctnr polimorfos. La XRPD consiste en proyectar un lwz de rayos X hacia un.J1 
substancia en polvo que cst:i siendo anali:t.:rda. Ctmndo el haz alcanza In mul'Stm, !:1� 

interacciones entre los rayos X y los útomos de la(�) cstructura(s) cristalirm(s) en la muestra 

causan que el haz dt· luz se dispersr. La dispersión de rayos X por útomos en diiCrcntcs planos 

del cristal provoca inter!Crencia entre los haces dispersos a algunos :ingul0s. Los :ingulos a los 

que se produce la interferencia se detectan con relación al úngulo 20. Las in!Cnsid:�dcs de las 

seriales también se detecwn. Conw los :itomos en cadn polimorfo diferente cstún dispuestos de 

manera distinta, la imerferencia se produce en un conjunto pnnicular de úngulos. y cort 

intensidades particul<trl'S. que son car.rcteristicos de cada polimorfo. Estos datos pueden Sl"l" 

traz:rdos en un espectro XRPD corno un patrón de picos. En tt�rminos scrK"illos. csh.� patrón 

puede considerarse una 'huella digital' o 'firma' del polimorfO. 1\lgunos ejemplos de espectros 

XRJ>D se muestran en la Figura A a continuación. 

' 
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17. La DSC es una técnica utiliz.udu para <matizar qué sucede co11 una substancia. tal como umt 

estructura cristalina. cuando es cl imatil' .. ada. Al calentar la substnncia. esta sufre lltmsicioneJ 
!érmicas que afeclan su cs\ruc\ura. Una de estas es la fusión de la subswncia. que se producJ 

' 
cuando las moléculas que componen la subs\ancia comienzan a sepamrse. En el caso de una 

estructum cristalina. la es\ructura regular y repetida se descompone dejando lns molécula� 

consti tuyentes . La li1sión es una reacción endo!érmica. lo que significa que loma cnc1·gía par;( 

que suceda. Mientras que el cnlentamicnlo de una suslancia generalmcn\e Catl�a un atllllCII\O c,J 
su \cmperatura. este se detiene cuando comienza la fusión y no se reanuda hasta que l;j 
estructurn de la sus\ancia se ha desgloséldo completamente. La DSC mide cuúnto mús l'<Jior del, 
ser aplicado a lu sustancia para que cs\o suceda. lo que permile )¡¡ determinación de l:1 

temperatura a la que ocurre esto. el punto de fusión de la sus\ancia. Como las l'StnlcluraJ 
crislalinas de los polimorfos son diferentes. así también lo son sus puntos de fusión. AlgunoJ 
ejemplos de tcnnugranms DSC se mucs1n111 en la figura Da continuación. 

Figura D: 
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1�. Polimorfos del mcsilato de imatinib y procesos para su prl'pat·ación 

1 S. En el púrrafo 1! anoto que las com¡xuiías farmacéuticas han documentado muchos pnlimorfos 
diferentes del mcsilato de imatinib. No todos estos polimorfos tienen estructuras cristalinas: t'll 
algunas disposiciones (denominadas formas amorfas). no hay ninguna estructura cristalina 
discernible presente. Adicionalmente. diferentes disposiciones de una substancia activa llll 
tienen que St'r Í{kntieas en términos ele su composic.ión química para sn cnnsidi.'ntd:ts 
polimorfos distiutos desde una perspectiva de rcglmnentación limnacéutic:L \.as moléculas de 
agua u otro disolveme pueden iucnrporarse en una disposiciótt cristalina p;�ra dar pnlimoriOs 
alternativos. llamados hidraws y snlvatos. respectivamente. Cou miras a l:1 brevccbd. m:is 
¡¡delante discutiré únicmm:ntc los polimorfos u y�. y otros polimorfos que tienen una estructtu�l 
cristalina y una composición química similar. La Tabla 1 a cominuacióu cotllieiH' una list:1 
completa de las diferentes formJs de bs que yo tengo conocimiento. cada una de los cuales ha 
sido reportad:! como un polimorfO distinto. 

Tabla 1: '¡ Forma 1 Descripción 
Formas discutid:�s a 

1 a v [3 i WO 99/03S51\ 

ll:t.i
_ ----- --1·���<?. 2�011� 06326 

1 1 y 11 ' wo 2006105,13111 
1 ¿) y¡; wo 2007/0231 82 
[ F. G. l·l. 1 y K WO 2007/059%3 
1 y y z _ _ j \�C}��I_I!�(�l2S2 

[Fu�nt� -j 
Novartis 1 
Hetcm 
i\'atCll --- � . Novarlis 1 �--- -
Novartis --- -
DrRcddy's 

M. Y. 13 y P ·¡ 1:1' 2 604 596 !\1 De\'a r--�--- -----,-__j_c::_::_::;:c:..:::=:___..c=-- -; Formas amo1 fas 

�A-;-n_w_c
�
f o'------�-------t

�
I�N�2�0� 0� 3�/, \�1�U�O�I00 2�0�S--- If

-
S
-

,
-
,,

-
·- -· j 

A_nu��f�----
·

-� ___ --�-
,
'' ;,
V0�

2
C,;D.

D_8i_l_12_72?__ _ _ ���:_Red(�''s 1 
Amorfo U S 200SI023112S6 �hemagis 

� Amorfo ·----- WO 200S/15r12ú2 l_�o�·:�rti� __ ; 
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22. El último p;írr;J/0 de la púgina 2 wmbiCn sciiala que la forma u del mesila10 de imatinib es 

higroscópic..1. mientms qtiC el segundo pürrafo <k 1:� p;\gina 3 explica que la timna [les menos 

higroscópica. Detalles adicionales se proporcionan a partir del tercer párrafo de la página H y 

hasta el segundo p;\rratO de la p:ígina 9. El primer púrr;.!IO de In p:igina 9 concluye que. a lS'C y 

con una humednd relativa de 93%.1a !Onna p penmmcct' seca mientras que h1 forma u toma 

nipidamente agua. al punto de haber una conversión parcial a una !Orma amorfa (t•s dt•cir. no 

cristalina). 

Finalmente. l'1 penúltimo púrr;¡fo de la página 2 explica que los puntns de fusión de l:�s í'ormas 

criswlinas u y [3 pueden determinarse a partir de un terlllo!;nuna DSC. y el primer pln-ral'o de la 1 

púgina 5 afirma que la aparición del punto de fusión de la forma fl csui <�!rededor de 217"C y del, 

de la forma a est:\ alrededor de 22ú"C. 

2'1. Dado que los cspl'Ctros X RPD. In morfología de los cristales. la higroscopicidad y los puutos de 

fusión de los polimorfos a y� diliercn de maneras camcterísticas de cae\¡¡ polimorfo. es posihle 

distinguir los polimorfos a y P usaudo técnicas de labor:llorio c�túndar. 

25. El segundo p<irrafo dcl l:jemplo 1 en la p;igin<l !9 de WO 9¡J/03S511 describe un proceso para la 

prcpar:�t•ión ch.:l polimorf(l na p:1rtir de un<� base libre de imatinib. El pmccso iu1plica aiiadir la 

base libre de im:ninib a etanol autes de aiim!ir :\cido met:mosulti.'mico a la suspensión. La 

solución resultante se calienta b<ljo reOujo antes de la liltración y la evaporación. El residuo se 

suspende en etanol y se disuelve bajo rellujo. El enfriamiento. l<1 flhración y el secado tienen 

como re.�uhmlo In IOnm a del cristal. 

26. El polimorf{1 n puede utilizarse par:.1 generar el polimorfo [3 bajo condiciones t·spcótic:l� de 

reacción. por ejemplo. aquellas descritas en el primer p:\rr:1t'o del Ejemplo 1 cn lus púgiuas !S :1 

19. Una suspensión de la IOrma u Sl' digiere cn metanol y los cristales de la forma fl se aislan por 

liltración y se secan. Allernativamcntc. los cristales de l<1 forma p pueden ser usadns p<H�I. 

'sembrnr' la generación de fuwros cristales [l en una solución que t:{ln\iene mctasulfonmo dc· 

imatinib. El sembrado provee una estructurn ele cristal como plantilla. sobre la cu;�l futum�, 

mo!Cculas �c pueden momar. Ello funciona porque se requiere menos cnergia par:1 :u1adiri 
cristales a uua cstruewra existente que para establecer una nueva estructura Cl'is1alina. WOI 99/0385<1 describe dos métodos p:�ra generar la forma JI con la ayuda del sembrado. 1�1 l�jrmplo 

2 en l<1 p:\gina 19 explica que una b:1sc libre de imatinib se su:;pcnde en metano! ante-s de que S(J 
añadan el licido metanosulfónico. el metano[ y el carbón activado. La mezcla se hierve bajJ y 
ccflujo. se oltm y el "g"" se ""pone. El ccs;ch"' se d;><ccl" "' """cnol y es ;uoccc�"do cou ,,,) ' \ j 
pequcii¡¡ cautidad de cristales [l. 1:1 sec¡¡do a alt:1 temperatura y ulta presión lleva 'a cantidades " 

m:\s signir1c:nivt�s de la forma Jl del cristal. El Ejemplo 3 en In página 20 describe có111n culcm:u 
21."'6��11 
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el polimorfo r1 en mclanol e inocular la solución con cristales �conduce a mús cristali:mción. 

Sccnr el residuo a alta presión y <�h<� tcmpcraturn produce cantidades mós significativas del 

polimorfo�-

Fol'ma 111 

27. Un polimorfO conocido como la forma 1-11 fue descrito por 1-lctcm Drugs Lld en el :u1o 200,1 Cll 

una solicitud de pall'nlc publicada como \VO 200t!/106326. La solicitud explica que csi<J frornw 

crislalina novedosa se c;�r.Jctcrii';t por un espectro XRPD que tiene picos en 20 con valores de 

llproximadarncntc 9.9. 1!.1. 16.3. 17.3. 18.1. 19.1. 19.6. 20.3. 21.1.  21.9. 23.2. 23.6. 2'!.2. 7A.9. 

25.6. 26.0. 27.3. 27.9. 28.9. 29.'1. 30.'1 y 30.5 grados. 

2S. WO 20041 106326 pmporciona ejemplos de la prcparaciúu de la forma 1-11. sobre la que S(' 

alirnw que implica disolver la h<�se libre de imatinib en un <lisolvcnte cloriuado antes de agrc�ar 

licido mctanosul fónico , p<lm dcspuCs agitar. li ltrar y secar. 

Formas 1 yjj __ 

29. WO 200G/05tl31t1. una solicitud de patente presentada por Natco l'harroa Ltd. divulga dos 

polimorfos m:is. lbmados formas 1 y 11. L<1 solicitud hace una lisia de los picos del espectro 

XRI'D de la forma l. de los que los 1mis signilic<�tivos cst¡ín en 20 con valores de 

aproxim<1damentc 9.7. 10.0. 16.0. 17.1. 17.9. 18.8. 19.3. :!0.0, 2 1.7, 23.0, 23.9. 24.7. 15.1. 25.R 

y 29.2 gr;¡dos. También h<�cc una lista de los picos de la li.mm 11. de los que los 1mis 

signific<�tivos cstún e11 20 con valores de aproximadamente 2.S. tiA. };.9. 9.6. 12.1.  111.1. 1.-1.7. 

16.1, 17.0, 17.6. IS.Ií. l'JA. 19.6. 20.3. 20.9. 21.'1. 22.0. 23.5. 2�1.0. 211.6. 25.2. 25.7. 26.9. 27.7. 

28.1, 28.6. 29.1. 29.5 y 30.1 grndos . 

JO). \VO 2006/051\3111 alinna que la forma 1 se puede preparar mediante suspensión de lps 

polimorfOs u2 o fl en cloroiOnno y agua con calentamiento y destilación seguida de lillraciún.l 
También es\ablccc que la lhnna 11 se puede preparar por liofllización (scc:�clo por congelación) 

de una solución acuosa tk los polimorfos a o fl. La IOmm u2 a la que se hizo rcf�r�ncia fue e[; 

objew de una solicitud ele patente anterior. presentada por Natcn Pharma. \VO 200)/077933. 

Fnrmos 8 1' t:: 
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31. Las formas cristalinas O y t se di(·¡·on a conocer por primera vez en una solicitud de patcmc 

presentada por Novanis AG. publicada iuicialmcntc en 2007 co111o WO 2007/0231 S2. Yo fui el 

inventor de las IOrm:1s ó y 1:. L<t solicitud explica que l a  forma ll produce un espectro XRI'D con 

picos en 20 con valores de 2.2. 13.0. 111.'1. 16.0. 16.5. [(¡JL 19.2. 19.11. 19.8. 20.3. 20.7. 7.0.9. 

21.1, 21.5. 22.7, 23.7. 24.'1. 2'1.7. 25.3, 25.6. 26.3 y 28.1 grados. T:unbién idcntilica los picos 

del espectro XRPD de la forma t: en 20 con valores de 9.11, 1 !.9. 12.7. 13.3, 13.9. 15.0. 15.3. 

17.0. 17 .9. 1 S.S. 19.0. !9.6. 20.7, 21.'1, 23.6. 2'1.1 y 28.2 grndos. 

WO 2007/023 Hi2 c.>;plica que la forma O se puede preparar suspendiendo un prccipit<1do seco ck 
mcsiluto de imatinib en acetona y metano! antes de evaporar la solución bajo ninógcnn. La 

fonml 1: se prcpant mediante un proceso similar. excepto por que el precipitado seco de mc:;'d;¡to 

de imatinib se suspende eu acetato de etilo y etanol. 

Formas V.il,_/j,j_J:.l:{_ 

33. Los polimorfos F. G. ! l. ! y K sr dieron <1 conocer por printera vez en una solici!Ucl ck p<1tcn\L' 

presentada por Novartis. publicada inici<1lmcntc como WO 2007/059%3. Yo fui. nucvamcnlt'. 

t•l inventor de !os po!imoriOs F. G. 1 L 1 y K c�cl mcsilato de imatinih. 

3•1. La solicitud explica que los ciuco polimorfos tienen espectros XRPD con picos Cll 20 con valord 
de: 

a. t:n el caso del polimorfo F. 8.4. S.6. lOA, 13.3. 14.7. 16.2. 16.S. 17.1. 19.5. 20.9. 22.2. 

23.1. 23.6. 2•1.5. 25.1 . 26.0. 26.9. 28.5. 29.1 y 30.:; gmdos: 

b. Encl caso dclpolimor!OG. !0.5.12.9, 13.9. 1'1.1, 15.0. !(dí.17.2.17.5. !S. l. 18.7. 19.2. 19.1\. 

20.6. 21.1. 21 .3. 21.7. 22.1. 22.8. 23.9. 2•1.3. 25.1 y 28.(1 grados: 

c. En el ca.�odcl po1ifontto 1-1. 10.5, 13.8, 15.7. 18.1. 21.0.22.8. 2•1.3. 25.1.26.3. 29.7 y 32.9 

grados; 

el. !:.11 d castJ ckl pnlimorfn l. 9.6. 12.9. 1•1.1. 1 5.2. 1 S.G. 17.1. 1 X.O. 1 8.7. 19.1. 19.8. ?.O.(J. 

2:.i.tl. 23.9. 211.3. 25.2 y 28.'1 grados: y 

c. En el m�o de! JXllimOJI'o K. 12 l. 12.9. 13.6. 1•1 l. 15 2. 17.2. 18.2, 1 S 4. 1 9.8. 21 O. 22.'1. 23.'1.t<lj 
21\.J. 25.2. 28 4. 29.2 y 37.9 grados. 

35. Los Ejc111plo� en WO 2007/059963 cxpl1can cómo generar fmmas F. G, 11. l y K !.os Ejc111p!1., 

��N;5)1 
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Tabla 2: 

F.quilihrio o rccristaliz:rción en sohcnh:s (*) 
--

Condiciones 
1 

__ ¡ Obs.:_1yacio�1::s 1 t\ktml1• lk car:rdcri:facitin 
Solvente 1 E:..;pcrimcll\11 " ' 

Acetona 

Mctyl t
butil Ctcr 

cquil. 

DS C 

.:quil. 

1 
. 

�·-�;---¡' ::�����
>p 1 :;�¿ -� rccns. - - -r,.,c . .,,hcoc:. ,:mc-- cquil. 25 u� "">u 0i�ls"·cC·c-----2:5 fl-==""> j1 IJSC 

e--,----1 ó2-�'========i�'�'='�f�[=e=e=,�>� p�========== ==::l= l=l=-�� C===================-rccris. :: 1 t\cCitc d.: cql1il. 2:l -.,e,-.,-. cfl--·_-,>-,-----
1 lSC 

sCs:mw ___ L . __ . 
Ob�crv.lclum:s: 

----

Rcsurm:n; 
l.as dos formas ,;rbtalinas •• llam:u..las al!�r y hct:r han sido dctccwdas. La lcmpcratur.r de tr;tnsid(lll r:rlr.:ubdu es d 
alrededor de l 'lO" C. La m o di tic:n:illn al ra, que fue aislada por prirncm vez es tcrmodin:imic:urK·ntc mclacstahk :r 
tcrnpcratur:� :unbicntc, pero �u transfornwciún de estado sólido��� poli mor fu OCia es sulicicntcmcntc knta par:1 1111 
dctccl:.lrsc. 
1-l:tsta d momento 1l1l se han Uctcctado hidratos o �oh•atos. 

1 
i 

J5. Sciialé en d p:'trra f'o JO quc \V O 2006/05,131 •1 'k scriOC la prepa racióu de las l'onnas 

polimórtic:ts 1 y 11 :1 partir del poli1norf'o u, involucrando, en el caso de la rorma L la suspc1tS1ónl 
G 1.:11 cl��ol'otmo. calentamiento y dcstil.tción, y en el c•:�o de la l�rnta .11. congcla�iún ck u1t:Q 

soluCIOII .tcuosa De nuevo. puede verse que la convcrs1on del polmmrto u c11 las lo1m:1� In 11 1 ' /'\ 
l111icameme se llcv:t ac:llm bajo condiciones de rcucciún �:spccitic:ls; no ocurn.:: de maucral 
�:spont;iltC:t. 

2)(i"�:'.il 
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54. En los p(liTafos '15 a '17 hice rciCrcnda al an:ilisis de muestras de productos gcnéricns hecho en 

t•l rlcp:mamcnto donde trabajo. En cada caso. los cs¡wrtros XRI'D se prcparm·on dcspuó de que 

las llliiCStr<Js fucmn sometidas a condic-iones pnra probar la estabilidad. Las condicione� 

'intermedias' usada� p:m1 probar las mucstr<Js procedentes de .lapón. Nueva Zelanda y Chik 

fueron 25°C a un:1 hu111Cdad relativa del 60% dumntc 6 meses. l.os resultados -que ningu11:1 

conversión ocurrió (l1asta el LOD)- demuestran la estabilidad del polimorfo u usado en estos 

productos gcnCritos. Una muestra de la formulacióu en cúpsula 1\FT de Nueva Zelanda ru .. · 

también sometida a prueba bajo condiciones 'ucclcrad<�s'. que fueron :10cC y 75% de humedad 

relativa dur:mte (j meses. El espectro XRPD mostró que la substancia activa l'll la dpsula 

pcnnancl·ió en 1<1 forma tl del cristal incluso bajo esas condiciones ;�cclcradas. 

55. En este puuto. vale la pC'na referirse 111K'\'Hn1cntc al artículo expuesto eu el ane:-:o i\·1.\'1-/.. dacio 

que la estabilidad de la fOrmulación en comprimidos de Dcva que contil'llC l'l polimorl'o (1 es un 

enroque del artículo. 1.:1 siguiente cita. tomada de la sección 3.5 del at1ículo. resume lt1s 

resultados del an:\lisis llevado a cabo por Dcva en rclocióu con la estabilidad de su substancia 

nctivn y la timnnln�·iún en comprimido (con énfasis aiiadido): 

"!1-fue.,·frc¡s de comprimidos que cm1fienen la Jhrmo (J. de difi•rentes lotes d) 
fidJricacir'm file ron sometidas o diFer.ws condicin11es para prohar la estohil idwj 
yfiwrrm mwli::adas de acuerdo al mélodo I'XND paro cm?figurar fa estabi/idll(� 
de la fiJniW a ('11 la .fórmulacidn en comprimido. [.os n·.w!UN}JJ.:.� J!!'!i(III'CJ/1 1//Ji'. {¡� 

_fimnrLJ�_fJ!!.....l!S cmn•irlhí en lo (rJI'II/tl /} dunmte el proG"e.W.LS.f.!!_/tlhril�OcijiJ,_II� 
duronle h_¡�/icione�· para probar la e.l·fahilidad_Lzt/illrf!j_t}_j25:! ?."C. 6(¡ 
:1.:5%humedad), i111ermedh1 (30±2°C, 65±5%humedad)_;'....Qc_(lt:ttl(/o (4f}J:.?"C. 75 

:L)% humedad) poro la jimna original en �.wuprimidn (recuNel'lo rh• p¡•/h:u(o) .1 

emp(l{:ado (ampolle/a LJ)/'1�·) (Fig11ras complementarias S7 y S8). 

l�slmlirh' mlicilmafe.\' se 1/el'm·on a coho bajo cmulir·im1e.,- c¡ce/emdos poro probar /¡¡ ' 

��.1'/alúlidml. snmeliendo los cm1rprimidos direclwnente. sin nillj:!IÍII li¡w de emptUJII!', �¡ 
ig uohm•/11 í' pd m ufo .1' 11 re e uhrim i e111o de pelic u la. ��'i'!guno f!!!.l):_<�rsión fJ_i!lj!JII Í1j�cp_ t 

diferentes par/!!.\' de /0.1' comprimidos (:mpe¡j/cic y parte cenlml 
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medidas por ,H!f!/1/"tldo), /Q_!J_I!J'._J;Q!J}jnllli__(¡¡�t;__,l:L/!..Ojjllmr/il fl. /�.� t:.l'tflhfe PL!IIIi'.l/1•1 

Jgrmll[qc;j_OJ.!..l''' comprimido�·� 

Un cs1uclio ximilar .H' llev•i o cabo al somc1er 111m .forma u p11ro Ai'J en .1'11 em¡;aqut· 

orip.inol (dnhle holsa UJI'I�'j y <'11 cmuenedorl!s ahierros rt la mismos ('ondiciones. /:'11 

ombos cosos. lo .fúrmtl fl Al'/ SP 1.'/ICQ!IIrñ i'.,.\'lahk y mJ aji:ctmla por lo /1!1/!fli'!:o!_ura 

extenw ni la lmmn/ml 1' n n .w· delcclrÍ com·ersión aL¡JOiimp.Jfn_fl jF].�uro 

1 1 .  VEIUFICAClÓN 

56. Yo. Michacl /'vlulz. por m.::din de la presente. wrifit•o y dcdaro que las declaraciones h..:chas pnr 

mi arrib:lcllCilcion:Jdas son vcr<iadcras y correctas a mi leal s;�bcr y cnH:uder. 

Finnado 

Firma ilcgibk 

Fechado 

l 3 de Agoslo 2015 

Archivos adjumos: 1\ncxo M t\·1· l 

,\nexo ivl.\1<! 
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Cl·rlilirat·ic'•n dt• Firma 

Lo anterior. ante mi fimcionario certificado y facuhado p:mt reconocer la firma de 

ROBERTO M. OLARTE GARCIA 
Traductor e ln�rplite Ofidal 

Resoludón Nol 0041 
Mlnijustlcla 1� 

¡2�) 1 

Dr. ivlichad /Vlutz. nacido el 0'1/05!1958. con domicilio Cll Nnv:n·tis Ph;mna 1\G. con scck en 

Cl·l-4007. lbsilca (Sui;-.a), Virrhnw 6.3.231 

-(luicn presentó un documcnlo OliGial con foto-

Ccnilico. el notario no c(ltJocc en detalle el idioma c11 el que cstú redactado d ;unerior 

documento. pnr lo t:mto 1111 pueck ce ni licar el contenido de 1 mismo. 


