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MEMORIAL DANDO RESPUESTA PARCIAL AL AUTO DE 18 DE JUNIO DE 2015

DECRETO DE PRUEBAS

CARLOS R. OLARTE, mayor de edad, domiciliado en Bogota D.C., identificado como 2
al pie de mi firma, como apoderado de NOVARTIS A.G. en Colombia, de acuerdo con el

parcce

poder

que obra en el expediente, me dirijo respetuosamente a su Despacho en atencidn al requerimiento

hecho en el Auto de 18 de junio de 2015, que abrid a pruebas el proceso administrativa

de la

referencia, y al requerimiento hecho el 19 de junio de 2015 a NOVARTIS DE COLOMBIA S.A,

con el fin de aportar uno de los dos informes solicitados por su Despacho a mi represent

los documentos mencionados anteriormente.

1. Segun el auto de 18 de junio de 2015, el Despacho le solicito6 a NOVARTIS remi

informes que debian contener lo siguiente:

l. “Explique sus planes para abastecer la totalidad del mercado del medica

IMATINIB en el evento en el que no se declare el interés publico con fines de [

ada en

tir dos

menio

Cencia

obligatoria y los demds competidores terminen de salir del mercado. Este documento

debe especificar los esquemas de distribucion y cobertura del territorio nacional, los

OlarteMoure & Asociados L1DA. — Bogota — Medellin - Barranquilla
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precios que proyectan para esta cobertura en el corto y mediano plazo para el Glivec®

en sus distintas presentaciones, y todos los demas aspectos que el titular de la patente
considere pertinentes para garantizar el acceso y la satisfaccion de la demanda del
IMATINIB.

2. Presente toda la informacion que conozca o a la que tenga acceso sobre la
posibilidad de que existan trazas del polimorfo 3 en otros estados polimorficos del
IMATINIB por ejemplo el polimorfo a-, derivados de sus procesos productivos y la
posibilidad de que este fenomeno infrinja la patente 29270 que tiene Novartis sobre la
Jorma beta. Igualmente, especificar si es posible la existencia pura de cada polimorfo de

manera independiente en una formulacion farmacéutica ",

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

colombiano de IMATINIB, este sera aportado por Novartis de Colombia S.A directamente.

3. Con relacidn al punto 2, por favor encuentre adjunta la declaracién jurada en inglés de
Michael Mutz y la traduccidn oficial al espafiol de la misma. Michael Mutz es Senior Felllow en
quimica del estado solido de Novartis AG en Basilea, Suiza. Ha dedicado el ejercicio de su
carrera al estudio del polimorfismo y la caracterizacion de los estados sélidos de los compuestos

quimicos en ¢l desarrollo de farmacos.

4, La declaracion jurada de Michael Mutz presenta un recuento sobre (i) €l fendmeno de las
estructuras cristalinas y el polimorfismo de manera general; (ii) los métodos de identificacion de
polimorfos; (iii) los polimorfos conocidos de mesilato de Imatinib y los procesos para su
preparacion; (iv) los posibles métodos para la produccion del polimorfo @ . o una formulacién
farmacéutica que contenga el polimorfo a, que ademas produzca el polimorfo 8 u otro polimorfo;
y (v) la posibilidad de que el polimorfo a se convierta en el polimorfo B. En virtud de lo
anterior, el contenido de la declaracion responde a la solicitud de presentar toda la inforri'nacién
que tiene mi representada sobre la posibilidad de que existan trazas del polimorfo B en otros
estados polimdrficos del Imatinib, incluyendo a la forma ﬁ; asi como también la posibilidad de
que exista cada polimorfo de manera independiente, tanto en la produccidn de la sustancia activa

como en la produccion de formulaciones farmacéuticas.

! Comité Téenico para la Declaratoria de Interés Publico del Ministerio de Salud y Proteccién Social, Auto de 18 de
;unio de 2018, Articulo 3, Pag. 2.

Comité Técnico para la Declaratoria de Interés Pablico del Ministerio de Salud y Proteccién Social, Comunicacion
dirigida a Novartis de Colombia S.A, 19 de junio de 2016. Pag. 1.
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S. La declaracion jurada de Michael Mutz no responde al requerimiento de su Despacho

sobre si constituye 0 no una infracciéon a la patente 29270 el hecho que existan trazas del

" polimorfo P en otros estados polimérficos del Imatinib por ejemplo en el polimorfo a.. Lo

anterior se debe a que las calificaciones del doctor Mutz no le permiten hacer esta afirmacion

juridica en uno u otro sentido con relacion a ese particular aspecto.

6. No obstante, con el animo de cumplir a satisfaccion con lo requerido, y tratdndose d¢ una
respuesta de contenido juridico relacionada al derecho de patentes, como apoderado de Novartis
AG para asuntos relacionados con patentes, me permito manifestar que Novartis considera que
existira una infraccion a su Patente 29270 cuando se identifique la presencia de trazas del
polimorfo B del mesilato de Imatinib en otras formas polimérficas del mesilato de Imatinib

dentro del limite de deteccion (LOD) del método de identificacion usado para el analisis.

7. El doctor Mutz indica en su declaracién que los métodos de identificacion de polimorfos,
en general permiten determinar también la cantidad de éstos en una muestra, siempre que la
cantidad presente sea mayor que el limite de deteccién (LOD) de la técnica utilizada. |Cada

técnica analitica tiene un LOD, que es la cantidad mas baja de una substancia distinguible|en la

muestra. Por ejemplo, si una técnica particular tiene un LOD 5%, esta técnica podria
inequivocamente identificar el polimorfo en una muestra que contiene 50%, 20% o 5% de ese

polimorfo.

Atentamente,

ARLOS R. OLARTE
C.CNo. 79.782.747 de Bogota
T.P. 74.295 del C.S.J

Adjunto: lo mencionado
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I. Michacl Mutz, aged 37 vcars, of thc address. Freiburg i.B., Federal Republic of Germany, do

hereby solemnly affirm and statc as follows:

A,

Experience

I am presently a Principal Fellow (scnior cxpert in solid-statc chcemistry) at Nowvartis

Pharnma AG in Bascl, Switzcrland.

I was awarded a Master's Degree (Diploma) from the University of Freiburg 1.B., Fedcral
Rcpublic of Germany (FRG) in 1984 and a PhD (Drscr.nat.) in physical and biophysical

chemistry from the Free University of Berlin, FRG, in 1989,

From 1990 to 1991, I carricd out postdoctoral rescarch work at the Ecolc Nortnalc Supcricurc.,

Paris, Francc in biophysical chcmistry.

|
I have been continuously cmployed since 1991, first at Ciba-Geigy AG, and subscquently N

Novartis, following its formation in 1996 from thc merger of Ciba-Geigy and Sandoz AG. |1
began at Ciba-Geigy as a laboratory head in the Scicntific Scrvices department, spccialising in
physical chemistry.  The main focus of my work at Ciba-Geigy and Novartis has been
polvmorphism and solid-statc characterisation of pharmaceutical solids in drug dcvclopmciit.
including analytical charactcrisation using crystallisation, X-ray powdcr diffraction (XRPD),
microscopy. moisturc sorption analysis, thermal analysis (differential scanning calorimct‘r}r

(DSC). TGA and TMA'), microcalorimetry and spectroscopy (FTIR?, Raman and Solid State

NMR?). \
1 am thc author or co-author of over twenty publications in the ficld of my work.

By virtue of thc above, I consider mysclf to bc an cxpert in the ficld of polvmorphism ;ujrd

solid-statc characterisation of pharmaccutical solids in drug dcvclopment.

! Thamogravimetric analysis and thermomechanical analysis.

? Fourier transfonn infrared.

* Nuclear magnetic resonance.

2806853t




B. Instructions

7. I havc been asked to preparc an affidavit on behalf of Novartis for this action in Colombia
rclating to a public intcrest declaration rcgarding Novartis® Colombian patent number 2927
(CO 29270) claiming the B polymorphic forin of imatinib mcthancsulfonatc.* In this affidavit,

have been asked to address the following points:

» Crystal structurcs and polvmorphism m general — sec scction C of this affidavit

(paragraphs 8 to 11 bclow).

*  Mcthods of identifying polymorphs in a sample - scc section D (paragraphs 12 to 17

below).

* Known polvmorphs of imatinib mcsylatc and proccsscs for their preparation - scc

scction E (paragraphs 18 to 39 bclow).

»  Thc possibility of mcthods for the production of the a polymorph, or a phannaccuticz‘ll
formulation containing thc a polymorph, also producing thc B polymorph or other
polymorphs ~ scc scction F (paragraphs 40 to 48 below).

s Thc possibility of the a polymorph converting into the B polvmorph -~ scc section G

(paragraphs 49 to 55 below).

C. Crystal structures and polymorphism in general

8. Most organic compounds form crystal structurcs. Imatinib mcsylatc is one such compound.
Crystal structurcs arc formed by a process known as crystallisation, whercby the molccules of a
\

substancc comc togcther and align themsclves into a rcgular repeating pattern of a cxys(’al

latticc.

9. Crystallisation is an important way of scparating a product in a substantially purc form from an
impurc solution. This proccss is often utilised in the pharmaccutical industry because purityis

very important when producing a pharmaccutical for human usc.

* Which is also known by an abbreviated name, imatinib mesylaie. 1 usc the two interchangeably in this aftidavit.
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10. Somc organic compounds, including imatinib mcsylate, cxhibit ‘polymorphism’, which mcans
that thc compound can cxist in morc than onc crystal structurc or form. Diffcrent polymorphs
havc different physicochemical propertics, such as solubility, chemical stability, bioavailability,
morphology. mclting point. hygroscopicity and density, Thc sciection of an appropriatc
polvmorph of a compound is thercforc an important aspect in the development of a
pharmaccutical bccausc of its potcntial influcnce on the propertics of thc pharmaccutical. A
number of mcthods cxist for identifving and characterising polymorphs of an organic
compound. Many of thesc techniques arc mentionced in paragraph 4 above and I cxplain how

scvcral of them work in paragraphs 12 to 17 bclow.

11.  Imatinib mesylatc may be crystallised into a numbcer of polymorphic forms. Phannaccutical
companics around thc world have discovered and documented many diffcrent forms of imatinib
mcsvlatc over the past two dccades. 1 describc @ number of thesc polymorphs in paragraphs 18

to 39 bclow.

D. Methods of identifying polymorphs in a sample

12. Itis possiblc to analysc a samplc to dctcninine which of scvcral known polvmorphs arc present.
Tcsts commonly cmployed for this purposc includc XRPD, microscopy. moisturc sorption
analysis and DSC. Thesc techniqucs arc ablc to dctect differences in the propcertics of distinct
polvmorphs which arisc duc to diffcrences in their crystal structurcs.  Such propertics arc
charactcristic of each polvmorph in that thcy can bc uscd to identify the presence of the

polymorph in a samplc.

13.  In thc dcpartment in which | work at Novartis in Bascl, we routincly usc XRPD and DSC to
dctcrrnine whether samples contain particular polymorphic forms of an active substancc. These
techniqucs can rchably identify the presence of a particular polymorph in a samplc, provided
that thc amount present in the samplc is greater than the limit of dctection (L.OD) of the
tcchnique used.  Every analytical technique has a LOD, which is thc lowest quantity of a

substancc that can bc distinguished from the absence of that substancc. By way of cxamplc. if
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a particular tcchniquc had a LOD of 5%, that tcchniquc could uncquivocally identify the

presence of a polymorph in a samplc containing 50%, 20% or 5% of that polymorph. Howecver,|
the tcchnique would be unsuitable for identifving the presence of the polymorph in a samplc|
containing only 2% of thc polymorph. In such cases. a more scnsitive method of dctection

would bc requircd.
ARPD

14, XPRD is often uscd to identifv polymorphs in a samplc, as will bccomc apparent from th{:
cxamplc XRPD data rcferred to in subscquent paragraphs of this affidavit. It is gcncralh]f
considcred to bc a scnsitive. rcliable mcthod of detecting polvmorphs.  XRPD involvcs
projccting a bcam of X-rays towards a powdcred substance undcr analysis. When the bcam
rcachcs thc samplc. intcractions between the X-rays and the atoms of the crystal structurc(s) iL
thc samplc causc thc bcam to be scattered. Scattering of X-ravs by atoms in diffcrent plancs of
the crystal causcs interference between the scattered beams at some angles.  The angles at
which intcrferenee occurs arc detected relative to the angle 20. The intensitics of the signals arc
also dctected.  As the atoms in cach distinct polymorph arc arranged differently. interference
occurs at a particular sct of anglcs. and with particular intensitics, which arc characteristic of
cach polymorph. This data may bc plottcd on an XRPD spcctrum as a pattern of pcaks. l|n

simplc terms, this pattcm can be rcgarded as a “fingerprint™ or ‘signaturc™ of the polymorph.

Examplc XRPD spcctra arc shown in figurc A below.

28068531




Figure A:
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Microscopy .

I
15.  The crystal structurc of a polymorph may bc vicwed using a scanning clcctron microscopc
(SEM). a powcrful microscope which focuses a beam of elcctrons on to a solid sample and

: . : : : o
dctects signals at its surfacc. Thesc signals reveal information about the sample, including 1ts

cxtcmal morphology. Figurc B below shows SEM images of two crystal structurcs, ‘
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Figure B:

Muoisture sorption analysis

16. Almost all substanccs intcract to somc degrce with water vapour in their surroundings.
Moisture sorption analysis mcasurcs the cxtent to which a matcrial attracts and rctains water
molccuics. The moisturc sorption, or ‘hvgroscopicity’, of matcrials gencrally varics depending
on cnvironmental conditions, so it is common when characterising a substance to detcrminc its
moisturc content at a spccificd tempcraturc and relative humtdity. As distinct pojvmorphs ha\re

diffcrent crystal structurcs, they can intcract with water molecules to varying cxtents, which

makcs them morc or lcss hygroscopic under particular conditions. Figurc C bclow depicts the

rcsults of moisturc sorption analysis of two substances.
Figure C:
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DSC

DSC is a technique uscd to analvsc what happens to a substance. such as a crystal structure,
when it is hcated. As the substancc is hcated. it undergoes thcrmal transitions affecting its
structurc. Onc such transition is thc mclting of the substance, which occurs when the molcculcs
making up the substancc begin to come apart. In the casc of a crystal structurc, the rcgular,
rcpeated structurc brecaks down leaving the constituent molecules. Mclting is an cndothcrmic
rcaction. meaning it takes cncrgy to make it happen. Whercas hcating a substancc gencrally
causcs an incrcase in its tcmpcraturc, this stops when it begins to melt and docs not rcsumc

until the structurc of the substance has complctcly broken down. DSC mecasurcs how much

4

morc hcat must be applicd to the substance for this to happen, allowing detcrmination of the
tcmpceraturc at which this occurs, thc mclting point of the substance. As the crystal structures

of polymorphs differ, so do their mclting points. Examplc DSC thcrmograms arc shown in

figurc D below.
Figure D:
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Polymorphs of imatinib mesylate and processes for their preparation

I notc in paragraph 11 abovc that pharmaccutical companics have documented many diffcrent
polymorphs of imatinib mcsylate. Not all of these polymorphs have crystal structurcs: in some
arrangements (referrcd to as amorphous forms), there is no disccrmible crystal structurc prescnt.

Furthcr, diffcrent arrangements of an active substance nced not be identical in terms [of
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chemical composition to bc rcgarded as distinct polymorphs from a drug rcgulatory
perspective.  Molecules of water or another solvent may bc incorporated into a crystal
arrangement to give altemative polymorphs, referred to as hydrates and solvatcs respectively.
In the intcrests of brevity, | discuss below only the a and B polymorphs and other polymorphs
having a crystal structurc and similar chemical composition. Table 1 below contains a full list

of the different forms of which | am aware, cach of which has been reported to be a distinct

polymorph.
Tablc 1:
Form. s i t%d.37 | Disclosire” ivtiecgs, | Source 4y »is
Lo ow L »lwiForms discussed below s Lk amsin, FFRgmer!

aand f WO 99/03854 Novartis
H1 WO 2004/106326 Hctcro |
land Il WO 2006/054314 Natco |
Sande WO 2007/023182 Novartis I
F,G,H,land K WO 2007/059963 Novartis I
YandZ WO 2011/100282 DrReddy's |
M.Y, Band P EP 2604 596 Al Deva I
. . Amrphous forms L 3T s i |
Amorphous [ IN 2003/MU01208 Sun |
Amorphous | WO 2008/112722 DrReddy’s |
Amorphous | US 2008/0234286 Chcmagis |
Amorphous | WO 2008/154262 Novartis |
Amorphous, anhydrous | US 2009/0181977 Actavis |
Amorphous, anhydrous | RU 2365587 Pharm-Sintcz |

..} Hydratesand solvates..; v soril o o |
v, V. VL. VI, VI, IX. X, XI, X, | WO 2007/136510 Tevallvax
XIV, XV and XVI (all solvatcs) ;
21 and Z2 (both hydratcs) WO 2011/023146 Zcntiva I

a and 8 forms

The first polymorphs of imatinib mesylatc were discloscd by Novartis AG in 2000 in a patent
application numbcred WO 99/03854. This application idcntifics and charactcriscs two
polymorphs, known as thc a crystal fonn and thc B crystal form. 1 undcrstand that
WO 99/03854 is thc publishcd version of thc patent application which was granted as CO

29270. CO 29270 only claims the B form of imatinib mcsylatc; Novartis docs not claim the a




20.

21.

22.

forin in Colombia. As the description and drawings in thesc two patent documcents arc the same
cxcept for the difference in language, 1 generally refer to WO 99/03854 in preference to CO

29270 in the remaining paragraphs of this affidavit.

Figurcs | and 2 of WO 99/03854 show thc XRPD spectra of the a form and the 3 form of
imatinib mcsylatc. Thesc spectra arc copicd in figurc A above. in which the spcctrum above is
thc a form and thc spectrum below is the 3 form. The pattern of peaks in each spectrum is
charactcristic of that particular form of imatinib mcsylatc. The 3 form (lower part of Figure A)
has pcaks of significant intcnsity at 20 valucs of 9.7, 13.9. 14.7, 175, 18.2, 20.0, 20.6, 21.1,
22,1, 22.7, 23.7. 29.8 and 30.8 dcgrees. Each of thesc pcaks has a rclative intensity of 20% or
morc in comparison to thc most significant pcak shown in thc XRPD spcctrum (which is the
pcak at 21.1°). Thc a form (uppcr part of Figure A) has pcaks of significant intcnsity in
particular at 20 valucs of 49, 10.4, 149, 17.7, 18.0, 18.6. 19.0, 21.2, 21.6, 24.9 and 28.7

degrecs.

The last paragraph on pagc 2 of WO 99/03854 notes that thc a form is charactcrised by ncedlc-
shapcd crystals. The third paragraph on page 3 explains that the invention relatces to the f form,
which has non-ncedle shapced crystals. The penultimate paragraph on page 5 adds that the 3
form is charactcriscd by the prescnce of crystals displaying thc form shown in the lowcer part of
figurc 3. Thc ncedle-shaped crystals of form a arc shown in thc upper part of figure 3. The
SEM imagcs shown in figurc 3 of WO 99/03854 have been poorly copicd. Higher resolution
versions arc shown in figurc B above, in which thc morphology of a form crystals is shown on

the Icft and thc morphology of § form crystals on the right.

Thc last paragraph on pagc 2 also notcs that the a form of imatinib mcsylate i1s hygroscopic,
whercas the sccond paragraph on page 3 cxplains that thc B form is less hygroscopic.
Additional dctail is given from the third paragraph on page 8 to thc sccond paragraph on

pagc 9. Thc first paragraph on page 9 concludes that, at 25°C and a rclativc humidity of 93%,
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23.

24,

25.

26.

thc B forn rcmains dny' whercas the o form rapidly takes up watcr to the cxtent that there is

partial convcersion to an amorphous (i.c. non-crystal) form.

Finally, the penultimate paragraph of pagc 2 explains that thc mclting points of thc a and B
crystal forms may bc detcrmined from a DSC thcrmogram. and the first paragraph on page 5
statcs that thc onset of melting point of thc i form is around 217 °C and that of thc a form is

around 226°C.

As thc XRPD spectra, crystal morphology. hygroscopicity and mclting points of the a and
[3 polymorphs diffcr in a way that is characteristic of cach polymorph, onc can tell thc a and f

polymorphs apart using standard laboratory tcchniqucs.

The second paragraph of Examplc | on pagc 19 of WO 99/03854 describes a proccess for
preparing the o polymorph from imatinib frec basc. The process involves adding imatinib free
basc to cthanol beforc adding methanesulfonic acid to the suspension. The resulting solution is
hcated under reflux before filtering and evaporation.  The residue is suspended in cthanol and

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

The a polymorph may bce uscd to gencrate the 3 polymorph under specific reaction conditions,
for cxamplc thosc dcescribed in the first paragraph of Examplc 1 on pages 18 to 19. A
suspension of thc a form is digested in methanol and crystals of the 3 fonm arc isolated by
filtration and dried. Altcenativcly, crystals of thc 3 forn may be uscd to ‘secd” the gencration
of furthcr 3 crystals in a solution containing imatinib mcthancsulfonatc. Sccding provides a
templatc crystal structure on which furthcr molcculecs may assecmble. It works bccausc less
cnergy is requircd to add crystals to an cxisting structure than to cstablish a ncw crystal
structurc. WO 99/03854 describes two mcthods of gencrating the 3 forin with the assistance of
sccding. Examplc 2 on page 19 cxplains that imatinib frcc basc is suspended in mcthanol
before methancsulfonic acid, mcthanol and activated carbon arc added. The mixturc is boiled

under reflux, filtered and the water cvaporated. The residuc is dissolved in mcthanol and
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27.

28.

29.

30.

28068531

inoculated with a small amount of [} crystals. Drying at high tcmpcraturc and pressurc results
in morc significant quantitics of thc [} crystal form. Examplc 3 on page 20 dcscribes how
hcating thc a polymorph in mcthanol and inoculating thc solution with 3 crystals Icads to
further crystallisation. Drying thc residuc at high pressurc and tcmperaturce viclds morc

significant quantitics of the [ polymorph. |

Hl form |
|

A polymorph known as thc Hl form was discloscd by Hctcro Drugs Ltd in 2004 in a patent
application publishcd as WO 2004/106326. Thc application cxplains that this novel cr}'stallinel
form is characterised by an XRPD spcctrum having pcaks at 20 valucs of about 9.9, 11.1. 16.Bi
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, 29.4l

30.4 and 30.5 dcgrecs.

WO 2004/106326 providcs cxamples of thc preparation of the H1 form, which is said to
involve dissolving imatinib frce basc in a chlorinatcd solvent beforc adding mcthancsulfoni?

acid. then stirring, filtcring and drying.

Forms I and 1!

WO 2006/054314, a patent application filed by Natco Phanma Ltd. discloscd two mo€c
polymorphs named forms I and Il. The application lists thc XRPD spcctrum pcaks of form 1I
thc most significant of which arc at 20 valucs of about 9.7, 10.0, 16.0, 17.1, 17.9. 18.8. 19.3,
20.0, 21.7. 23.0, 23.9, 24.7, 25.1, 25.8 and 29.2 dcgrees. It also lists the pcaks of form 11, the
most significant of which arc at 20 valucs of about 2.8, 4.4, 8.9, 96, 12.1, 14.1, 147, 16.!1,
17.0, 17.6, 18.6, 19.4, 19.6,20.3,20.9,. 214, 220, 23.5, 24.0, 24,6, 25.2. 25.7, 26.9, 27.1, 28.‘],
28.6.29.1, 29.5 and 30.1 dcgrecs. :
|

WO 2006/054314 statcs that form 1 may be preparcd by slurrying the a2 or B polymorphsiin

chloroform and watcr with hcating and distilling followed by filtration. It also statcs that form




31

32.

33.

34.

Il may bc prepared by Ivophilizing (frccze-drying) an aqucous solution of thc a2 or f
polymorphs. Thc a2 form rcferred to was the subjcct of an carlicr patent application filed by

Natco Pharma, WO 2005/077933.

Forms & and ¢

The 6 and ¢ crystal forns werc first discloscd in a patent application filed by Novartis AG first |
published in 2007 as WO 2007/023182. | was thc inventor of the & and & forms. Thel
application cxplains that thc 6 form produccs an XRPD spectrum with pcaks at 20 valucs of 2.2.l
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,
25.3,25.6. 26.3 and 28.1 dcgrees. It also identifics the XRPD spcctrum peaks of the & form at!
20 valucs 0of 9.4, 11.9,12.7,13.3, 139, 15.0, 15.3, 17.0, 17.9, 18.5, 19.0, 19.6, 20.7, 21.4, 23.6,

24.1 and 28.2 dcgrccs. '

WO 2007/023182 cxplains that the § form may bc prepared by suspending a dry precipitate oi
imatinib mcsylatc in acctonc and mcthanol before cvaporating the solution under nitrogen. The
¢ form is prcparcd by a similar proccss cxcept that the dry precipitate of imatinib mesylate is

suspendced in cthyl acctate and cthanol.

Forms . G H, ] and K I
I

Polvmorphs F. G, H, I and K wecrc discloscd in a patcnt application filed by Novartis first
publishcd as WO 2007/059963. | was again thc inventor of the F, G, H, 1 and K polvmorphs of

imatinib mcsyvlate. |

Thc application cxplains that the five polymorphs have XRPD spcctra with pcaks at 20 valucs
of: |
|

a. inthc casc of thc F polymorph, 8.4, 8.6, 10.4.13.3. 14.7, 16.2. 16.8, 17.1. 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 dcgrecs; |

i\<
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b. in the casc of the G polymorph. 10.5. 12.9. 13.9. 14.1. 15.0, 16.6, 17.2, 17.5, 18.1,

18.7,19.2, 198,206, 21.1, 21.3,21.7, 221, 22.8, 23.9, 24 .3, 25.1 and 28.6 dcgrccs:

c. in the casc of thc 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 degrecs;

d. in the casc of the I polymorph, 9.6, 12.9. 14.1.15.2. 15.6, 17.1. 18.0, 18.7, 19.1, 19.8,

20.9.23.4, 23.9, 24.3, 25.2 and 28.4 dcgrecs: and

c. in thc casc of thc K polvmorph, 12.1, 12.9, 13.6, 14.1, 15.2, 17.2, 18.2, 18.4, 19.8,

21.0,22.4,23.4,243,252.28.4.29.2 and 37.9 dcgrccs.

Examplcs in WO 2007/059963 cxplain how to gencratc forms F, G. H. 1 and K. Examplcs | to
4 describc methods of gencrating form F. Each mcthod involves dissolving imatinib mesylate

in watcr and dispcnsing the solution into a well block. The solution in cach well is dricd by!

flushing it with nitrogen, Icaving a drv precipitatc. The precipitate is resuspendced in diffcrent
rcagents in cach of cxamples 1 to 4. Thesc arc benzyl alcohol (example 1): a mixture of benzyl
alcohol and cthyl acctatc (cxamplc 2). a mixturc of benzyl alcohol and cither 1.4-dioxanc, 3°
pcntanonc or di-isopropyl cther (cxample 3): or a mixturc of benzyl alcohol and cither
acctonitrilc or dimcthyl formamidec (cxamplc 4). In cach casc. thc suspension is agitated anfi
allowcd to cvaporatc at around 50°C undcr nitrogen to gencratc crystal form F. The mcthods

for producing crystal forms G. H. I and K arc similar cxcept that diffcrent rcagents arc uscd in

|

a. To gencrate form G, the precipitate is resuspended in a mixturc of 3-pentanonc ard

b. To gencratc forin H, the precipitatc is resuspended in a mixture of 3-pentanonc apd

the suspcnsion step. as follows:

cvclohcxanc.

N.N-dimcthylforinamidc.




c. To gencratc form |, the precipitate is resuspended in a mixture of cthyl acctatc and

dicthyl cther.

d. To gencrate form K. the precipitate is resuspended in a mixturc of 3-cthyl acctatc and

N.N-dimcthylformamidc.
lorms Y and Z

36. Crystal forms Y and Z werc discloscd in a patcent application filcd by Dr Reddy's Laboratorics
Ltd publishcd as WO 2011/100282. Thc application cxplains that thcsc polymorphs havc:

XRPD spcctra with peaks at the following 20 valucs:

a. 61,87, 115,145, 18.0,187,20.1,21.9 and 22.5 dcgrccs in thc casc of form Y

and

b. 66, 8.0,139,166, 17.0.17.3, 184, 19.0, 20.2, 22.2 and 24.2 dcgrccs in the casc of

form Z.

37. WO 2011/100282 cxplains that thc Y form may bc prepared by suspending imatinib frce basc
in mcthanol, cooling and adding mcthancsulfonic acid with stirring. Mcthy] tertiary-butyl cther
is addcd with stirring and thc suspcnsion is filtered under mitrogen, washed with mcth)I'I
tertiary-butyl ether and dricd according to onc of two mcthods. Thc application describes the
prcparation of form Z by mixing imatinib mcsylatc and dimcthyl sulfoxidc and hcating for
dissolution and filtering. Thc solution is addcd to pre-cooled dichloromcethanc and stirred Iat

around 0°C. Thc solid is coliccted by filtration, washcd with dichloromcthanc and dricd.
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Forms M. Y’ Band P

38. Crystal forms M, Y, B and P wcrc discloscd in a patent application filed by Deva Holdings AS
published as EP 2 604 596 Al. Thc application explains that thesc polymorphs have XRPD

spcctra with peaks at the following 28 values

a. in the casc of form M, about 6.0, 9.6, 104, 109, 11.6, 129, 139, 146, 15.6, (17 4,

18.1, 18.8, 199, 205,21.0,21.8,22.0,226,23 7,24.2, 26.2. 268, 28.3, 291, 29.6,

301,308, 31.8,32.8,34.0,35.5, 36.8, 40.5, 42.2 and 43.5 degrees:

b. in the case of form Y, about 6.0. 97, 104, 109, 11.6, 129, 139, 146, 171,174
18.1, 200, 20.5, 21.0, 22.0, 237, 242, 26.2, 291, 29.6, 30.8, 31.7, 32.7, 34.0.35.5

36.8,38.4,390,405,43.5, 453 and 48.9 dcgrccs;

c. in the case of form B, about 4.7, 9. 7, 10.4, 109, 13.0, 139, 146, 174, 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, 340,/|356

and 36.8 degrees; and

d. in the case of form P. about 49, 97, 104, 12.0, 129, 139, 14.7, 174, 181, [18.5,
19.1, 199, 20.5, 21.0, 21.7, 22.0, 248, 262, 28.4, 28 6, 30.8, 321, 32.8, 34.1, 35.5,

36.7, 38.5, 39.6, 43.4 and 45.3 degrees.

39. EP 2604 596 Al describes processes for the preparation of forms M, Y, B and P, as follows:

a. To generate form M, imatinib frcc basc is suspended in a kctone and thc mixture

heated under reflux. Methanesulfonic acid i1s added. the mixture is cooled‘ and

crystals are 1solated (e.g. by filtration, drving and suspension in a solvent) and dried.

* This appears to be a different polymorph than form Y referted to above,
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b. To gencrate form Y, imatinib free basc is suspended in an alcohol. the mixture stirred
and mcthancsulfonic acid added. Thc mixturc is stirred and crystals arc isolated and

dricd.

c. To gencrate form B, imatinib frce basc is suspendced in an cther, the mixturc stirred
and mcthancsulfonic acid added. Thc mixturc is stirred and heated to inducc crvstal

formation. Thc mixturc is stirred and ceystals arc isolated and dricd.

d. To gencrate form P, imatinib frce basc is suspended in an cther, the mixture stirred
and hcatcd undcr rcflux. Crystals of thc a form of imatinib mcsvlatc arc added,
followed by mcthancsulfonic acid. Thc mixturc is cooled and cryvstals arc isollatcd

and dricd. |

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

polymorph or other polymorphs

Production of active substance

40. I cxplain in paragraph 25 abovc a proccss for producing the a polymorph of imatinib mcsylatc.

This is thc process gencrally used by Novartis to producc thc a polymorph, when| that

polymorph is requircd as a rcference (comparison) matcrial. ;

4}, 1am awarc that a samplc of thc active substancc in thc pharmaccutical formulation markcu%d by
Recalcine in Chile as “Zcitc'® has been analysed by the Universidad de Chile and fourild to
contain only thc a polymorph of imatinib mcsvlatc. 1 cxhibit as MM-1 to this affidavit a rcport
on thc results of thc XRPD analysis performed by the Universidad de Chile. including XRPD

spcctra which identify the samplc as containing purc a crystal form (down to thc LOD). 1 have

no rcason to doubt thc accuracy of thesc spectra.  Thercfore. the process used byj the

¢ undcrstand that the Zcite product marketed by Recaleine in Chile is a different fortnulation to the Zeite marketed in
Colombia.
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42.

43.

44,

manufacturer that supplics Recalcine produces a crystal form with no t acc of the 3 crystal form

as an impurity (down to thc LOD).

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

Turkey dated 12 Junc 2015. Dcva is a well-known gencric pharmnaccutical company. |This

article rclates to the a and 3 polvmorphs and considers (amongst othcr things) the accuragy of
XRPD and DSC as mcthods of idcntifving polymorphs and analysing thc stability of t‘hc a
polymorph in pharmaccutical formulations. Scction 2.1.2 descnbes a mcthod for synthesising
thc o form which involves the usc of di-isopropyl cther and isopropyl alcohol solvents. As the

abstract of thc articlc cxplains;

“[XRPD] was used to monitor the polymorphic purity of « form drug substance and
corresponding drug products during the quality control analyses and stability studies.
and the results indicated that « form was stable and not converied to B form during

the manufacturing process and stability period. ™

Thercforc, Deva has a process for manufacturing imatinib mesylatc which results in an active

substancc that is in purc a form (down to thc LOD).

I describe in paragraphs 44 to 47 below a number of cxamples of gencric tablet and capsule
formulations containing thc a polymo ph of imatinib mcsylatc and without tracc of thc 3
polymorph (insofar as wec can detcct given the LOD). Clcearly the manufacturers of the a]ctivc

|
substancc in thesc formulations have proccsscs to produce imatinib mesylatc in purc a form.

Production of pharmaceutical formudations

The analysis in thc department in which | work of samples of pharmaccutical formulations

|
markcted by generic pharmaccutical companics around the world has identified a numbcr of

formulations containing only thc a polymorph of imatinib mcsylatc. [ therefore know: that
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45.

46.

47.

48.

formulators arc ablc to manufacturc formulations containing purc a crystal form. | provide

somc cxamplcs in the following paragraphs.

I undcrstand that scvceral genceric tablet formulations were launched in Japan in or around{Junc

2014, These comprised products marketed by Mciji Scika Pharma Co Ltd, Nipro Ph‘arma
Cormoration and Daiichi Sankvo Espha Co Ltd. XRPD analysis pcrformed in the department in
which | work showed that samplcs of cach of thesc tablcts contained only the a pol_vmorp‘h (to

thc LOD).

In New Zcaland, AFT Phannaccuticals Ltd has markcted a gencric capsule formulation.
Samplcs of this capsulc formulation werc analysed by XRPD in the department in which | work

and wcrc found to contain only thc a polymorph (to thc LOD). i

Ridcr Laboratorics Ltd has markctcd a gencric tablet formulation in Chilc as ‘Kadir’. Samplcs
|
of this formulation werc again analyscd by XRPD in thc dcpartment in which | work and found

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

Further, it is apparcnt from thc article cxhibitcd at MM-2 that Deva’s method of formulating
- o |

tablcts containing only thc a polvmorph of imatinib mcsylatc docs not gencrate the B fonn as an

impurity (to thc LOD). Thc conclusion of thc articlc comments as follows (with cmphasis

addcd):

“The quantitative PXRD method reported herein represents a useful tool for

monitoring the polymorphic content and crystal form stability of u form of imatinib
|

mesylate in tablet formulations. Here, it was shown that tablets produced by a crvstal

form of API were highly stabilized by the excipients used in the formulation and no

detectable polymorphic transformation 1o § form was occurred during manufacturing

process ar stability periods.”
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Possibility of the a polymorph converting into the B polymorph

In paragraphs 40 to 48 above, | gavc a number of examples of the manufacturc of imatinib
mesylate in pure a form (to the LOD) and the preparation of a tablct or capsule formulation
containing the active substancc in purc a form (to the LOD). The following paragraphs explain
that thc o polymorph does not thcrcafter convert into the [} polymorph unless exposed to

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

Conditions relevant to conversion

The second paragraph on page 8 of WO 99/03854 states that the a crystal form of ima‘tinib
mesylatc 1s mctastable at room tcmperaturc. This means that the stability of thc a form at room

temperaturc decpends on the conditions to which it 1s exposed Conditions that may influence

the stabilitv of the a polymorph include:

a. polymcric purity of thc a form, e.g. whether seed crystals of the 3 polymorph are
prescnt;

b. chemical punity of imatimb mesylate. e.g. whether degradation products, heavy
metals, ctc. are present;

Cc. tcmperature:

d. use of particular solvents;

e. rclattve humidity; and

f.  pressurc.

As the B polymorph is thermodynamically more stablc at temperatures of around 140°C and

below, some solid-statc convcrsion of the a form into the B form is inevitable over an cxtended

period of time. But by controlling thc abovc conditions when manufacturing and storing the
pharmaccutical formulation, the rate of conversion can be kept so slow as to be irrclcvant ‘from

a pharmaceutical perspective. This is important if it is desired to maintain the activc substance

in the a form.
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S1. 1 cxplaincd in paragraph 26 abovc that thc a polymorph may bc uscd to gencratc the f3

polymorph undcr spccific rcaction conditions. Such conditions includc thosc described in the

first paragraph of Examplc | on pagcs 18 to 19 of WO 99/03854, namcly digcstion of the a

polymorph in mcthanol followed by filtration and drying. Thcy also includc the usc of crystals

of the 3 polvmorph to sccd a solution of thc @ polymorph heated in mcthanol. as described in

Examplc 3 on pagc 20.

52. Tablec 2 bclow is taken from an intcrmal Novartis documcnt which spccifics cc‘rtain

phvsicochcmical data rclating to thc @ and 3 polvmorphs of imatinib mesvlatc. The table

summariscs thc cffcct of adding crystals of thc a form. thc [} form or a mixturc of the a and 3

forms to a numbcr of diffcrent solvents at spccificd tempcratures in cquilibration or

rccrystallisation cxperiments.” It is a good illustration of thc stability of thc a and P

polymorphs. Thc following trends arc apparent:

Thc a form converts into the § form undcr certain conditions, specificallv when added

|
to acctonc or mcthanol. but not under other conditions, such as if addcd to
|
dichloromcthanc, cthyl acctatc, MTBE or tolucnc.®

The f fonm rcmains in the same form in the two solvents to which it was addcd at the

spccified tempcraturcs. It docs not convert into the a form.,

If both the a form and the B form arc prescnt, the a form always converts into the 8
|
form rcgardlcss of the solvent to which they arc added. This is the cffect of seching,

which is particularly conducivc to conversion for thc reasons notcd in paragraph 26

abovc.

’ Equilibration involves suspending crystals of an active substance in a solvent to form & slurry and allowing the cr)'slnqu to
adopt their most stable form under those conditions. Reerystallisation involves dissolving crystals of an active subsinnee in a
solvent before changing the conditions so that one or more polymorphs crystallisc out of solution. ‘

* ££.g. sce the cow for dichloromethane in Table 2, which indicates that the a polymorph remained in that form following an
equilibration cxperiment performed at 25°C, as detennined by DSC. |
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Table 2:

1.1.3 Equilibration or recrystatlisation in sotverns?)
Conditians
Solvent Experi- Teme. QObsesvations Chaructenisation method
ment | range (*C)
VWetar aquil. - - - i
reerys. |- - -
Acators aguil. 10-20 a- B ===> I} 0sc
45 - 20 s B ===3 8 Dsc
4 o= B (2133 B DsC
aauil. 25 [} === ") psc ‘
25 a ==z3 8
recrys. |45 - 20 a =z=» & Osc |
Dichoromethane aaui. |25 a ===> osC |
recrys. |- - - |
Ethenol 95% aquil. 25 a+ b s===3 -] Dsc
rocrys. |- - -
Ethy. scetnte equil. |25 .1 ===3 psC
25 c- B =38 [ DSC
racrye. |- -
Isooropsnol eguil. |28 as B ===% & DSC |
rotrys. |- - - |
Atathang! aqguil. 25 a ===> & BSC, Reman, XRPD
recrye. |- & =223 & DSC
Katranol + watar (9+1) [eoudl. |25 @+ i === B DSC |
hiathang! + water (B8+2) [ecuil. |25 a+ B === £ 0SC |
hiathy! 1-baty! stne- eguil. {25 a zzz> bSC
25 a- 6 ===> B 0sC
reerys. |- - -
Taluana aoui. |25 a =223 DsC
25 £ z=3> 6 0sC
25 a+ g ===> [ 0scC
recrvs. |- - - |
Sesama of | saur. |25 Jas & ===» DSC |
Remarks:
Summary:
Two enantotropik cryste! ‘Tome némed 61978 end bets Neve been detactad. The ce'culstad trensiton tampestum
beaer the wo foms is 6a0ut 140°C. The elohs mOGZCsbON which was first Is0'stad is thermadynsmicslty|
matezieble ot 0O tamoeTELe Dyt &t $O'C £1818 trANSTO T AT, into the Deta po'ymoroh i slow enaugh ot to
be cetactad.
No sa'vstss o7 kydrates have beer. detacted s0 Br.

I notc in paragraph 30 abovc that WO 2006/054314 describes the preparation of polymorphic

forms | and Il from the a polymorph, involving, in the casc of form I, slurryving in chloroform,

hcating and distillation. and in the casc of form Il, frccze-dryving an aqucous solution. Again, it

can bc scen that conversion of the a polymorph into forms | or 11 only takes placc under

specific reaction conditions: it does not occur spontancously.
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54.

55.

Pharmaceutical formulations

| rcfer in paragraphs 45 to 47 abovc to the analvsis of gencric product samples donc tln the
dcpartment in which | work. In cach casc, XRPD spcctra were prepared after the samples had
been subjected to stability testing conditions. The ‘intcrmcediate”™ conditions uscd to tth the
samplcs from Japan, New Zcaland and Chile were 25°C at 60% rclative humidity for 6 months.
The results - that no conversion occurred (down to the LOD) - demonstrate the stability ?f the
a polymorph uscd in these generic products. A sample of the AFT capsulc formulation from

- - . . . I .
Ncw Zcaland was also tested undcer ‘accelcrated” conditions. which were 40°C and 75% rclative

humidity for 6 months. Thc XRPD spcctrum showed that the active substance in the capsulc
I

recmaincd in the a crystal form cven undcr thosc accclerated conditions.

At this point, it is worth rcferring again to the article cxhibitced at MM-2 as the stability of
Dcva’s tablct formulation containing thc a polvmorph is a focus of the articic. The f’ollolwing

quotc. takcn from scction 3.5 of the article, summariscs thc results of Dcva’s analysis in

rclation to the stability of its activc substancc and tablct formulation (with cmphasis addcd)lz

“Samples of a form containing tablets from different manufacturing batches were
subjected to various stability testing conditions and analyzed according roJ the
validated PXRD method to configure the stability of « form in the tablet formu!altion.

The results indicated that_a_form was _not converted 1o B form during the tablet

manufacturing_process, and also under rowtine (25 + 2°C. 60 + 5% humidity).

intermediate (30 + 2:C. 65 + 5% humidity) and_accelerated stability jesting )40 &

2°C. 75 + 5% humidity) conditions in the original tablet form (film coated)| and

package (1.DPE blister) (Supplementary Figs. S7 and §6).

Additional studies were carried out under accelerated stability testing conditions by

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

coating. No polymorphic conversion to f form was observed on X-ray diffractograms

of the samples taken from different parts of the tablets (surface and middle parts
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measured separately) which confirmed thal a polymorph is stable_in_gur _tablet

Jormulation.

Similar study was carried out by subjecting pure a form APl in its original package
(double LDPE bag) and in open flasks to the same conditions. In both case. & form

APl was found siable and not_affected from the ouiside temperature and humidity,

and no conversion was detecied to B pelymorph (Supplementary Fig. 89). ,

H. VERIFICATION

56. 1, Michacl Mutz, do hereby verify and dcclare that the statements made hercinabove are truc

and corrcct to my knowledge and belicf.

1

Signcd

A3- ﬂmf}-?ovf 5

Datcd

Attachments:  Exhibit MM-1
Exhibit MM-2
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UR 2157/ 2015
Unterschriftsbegiaubigung
Vorstehende, vor mir als eigenhandig vollzogen anerkannte Unterschrift von

Herr Dr. Michael Mutz, geb. am 04.05.1958, geschéaftsansassig 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 machtig und konnte des-
halb die rechtliche Zulassigkeit des vorstehenden fremden Textes nicht prifen.

79098 Freiburg, den 13. August 2015
Kimmerle, Nb': r )
79098 Freiburg, B . 65

{Tel.. 0761/217814 0, Fax: 0761/217814 29
e-mail: kanzlei@notar-kuemmerie.de
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UNIVERSIDAD DE!CHILE Av. Blanco Cncalada 2008
Faculiad de Ciencias Fisicas y Matemdticas 555218,48731 )
Departamento de Fisica T:?(;g?zi 67;3 : 348
LABORATORIO DE CRISTALOGRAFIA Fax(56.2) 696 73 59
atbanez(@dfi.uchife.cl

Infonne de Analisis por Difraccion de Rayos X.

Sts. Corporacién Farmacéutica Recalcine
Atencidn Sr. Cristébal Vallejos R.
PRESENTE.

Santiago, 12 de abrit de 2005

6

S

Confonne a lo solicitado, se ha replizado el anélisis de la muestra rotulada como

Imatinib GL-289 mediante Difraccién
documentacién adjunta: “Canadisn Intell

Modification of a N-Phenil-2-Pyrimidineamine Derivate™, proces for its manufacture am:

use”, que contiene los difractogramas Fig.

/3 (alpha fonn) y Fig. 2/3 (beta fonn).

Especificaciones de la medida y tratamientp de datos.

Instnunento: Difractometro Sieme
Longitud de onda utilizada: A = 1.5¢
Potencia utilizada: 40 KV /30mA.
Rango de mcdida: 2°— 80° cn 26.
Paso: 0.02° por segundo.
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Tabla 1.- Angulo 26, Distancia intcrplanar
e mtenmdad relativa para los principales méximos dec diftra  i6n
de la mue tra Imatinib GL-289, Laboratorio Recalcine.

Angulo de Distancia
difraccién Intel'pianar Intensidad

2-Theta (26) Angstrom (A) %
18,59 4,768 100
19,10 4r 643 78
10.46 8r45| 76
18,09 4r 900 71
21,62 4!’ 106 69
2491 fS?Z 64
21,27 174 62
17,68 ; 011 61
14,90 C %:939 59
28,55 3,124 47
12,13 93 42
16,47 )77 37
23,75 744 32
4,901 I[S,O2 K)|
23,19 ,832 30
22,58 934 24
27,38 ,254 22
27,99 ,185 20
11,92 416 19
11,27 ,847 17
13,84 391 16
26,27 %,389 1S
15,36 %,764 11
32,03 5,792 11
12,88 1,865 10
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Quantitative determination of two polymorphic forms of imatinib
mesylate in a drug substance and tablet formulation by X-ray powder
diffraction, differential scanning calorimetry and attenuated total
reflectance Fourier transform infrared spectroscopy
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ARTICLE 1NFO ABSTRACT

Article history; Imatinib hasbeenidentified asa tyrosine kinase inhibitor that selectively inhibitsthe Abl tyrasin€ Kinases,
Rece!ved ?OOcloberZDH including Bcr-Abl. The active substance used in drug product is the mesylate salt form of |mal|n|b
Received in revised form 20 May 2015 a phenylaminupyrimidine derivative and chemically named as N-(3.44-(pyridin-3-yl) pyrimidin-2-

Accepted 7 June 2015

€ ! ylamino}-4- methylphenyl.- 4{(4-methylplperazin-1-yl) methyl}-benzamide melhanesulfonlclaud salt.
Aviilable online 12 June 2015

1t exhibits many polymorphic forms and most stable and commercialized polymorphs are known as u
and B forms. Molecules in « and B polymorphic forms exhibit significant conformational differénces due
to their different intra- and :ntermolecular interactions, which slabilize their molecular confo}malioni
and afTect their physicochemical properties such as bulk density, melting point, solubility. slabllny.and

Keywords:
Imatinib mesylate
Polymorphism

Quantification processability. The manufacturing process of a drug tablet included granulation, comprecsnon coating.
PXRD and diying may rause polymorphic conversions. Therefore, polymorphic content of the drug substance
DSC should be controlled during quality contiol and stability testing. Attenuated total reflectance Fourier
Stabiiry transform infrared (ATR-FT(R) spectroscopy, differential scanning calorimetty (DSC) and powder X-ray

diffraction (PXRD} methods were evaluated for determination of the polymarphic content of the drug
substance and drug product: and PXRD wasthe most accurate technique and selected as preferred method
and validated. Prior to development of a quantification method, pure u and B polymorphs were charac-
terized and used throughout the methud development and validation studies. Mixtures with'different
ratios of a and B forms were scanned using X-ray diffractometer with a scan rate of 0.250°/min over
an angular range of 19.5-21.0° 26 and the peak heights for characteristic peak of B form at 205402
29 diffraction angle were used to generate acalibration curve. The detection limit of 8 po]ym{')rph ina
form imatinlb mesylate tabtets was found as 4% and the linear regression analysis data for the calibration
plots showed 8ood linear relationship with correlation coefficient of 0.992 with respect to tel-\'llve peak
height in the concentration range of 12-75 wiX B form containing tablet mixtures. The oblamed results
at each stage of the validation study proved that the method is specific, repeatable, precise and' accurate,
and could be used fordetermination of B polymorph content in tablets produced by using a poiymorph
of imatinib mesylate. The developed PXRD qQuantification method was used to monitor the polYmottlhlc
purity of o form drug substance and corresponding drug products during the quality conlrol|analyses
and stability studies. and the results indicated that « form was stable and not converted to  fotm during
the manufacturing process and stability period.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction istry or material science. For the latter, polymorphism is tlie ability
of a solid material to exist in more than one form or crystal struc-

Polymorphism is defined in a di{ferent way depending on the ture. A recent study estimated that 80-90% of organic compounds
scientific f.eld ofuse, such as computer science, biology, and chem- 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 the molecules in the

+ Corresponding author. Fax: +80 282 7581770. crystal lattice. Amorphous forms consist of disordered arrange-
£-mail addresses: ebellur@deva.com tr, esenbellur@vahoo.com(E, Beltur Atici} ments of molecules that do not possess a distinguishablé crystal

herp:f{dx.d01org 101016/ pha.2015.06011
0731-7085/© 2015 Elsevier B.V. All rights reserved.
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lattice. Solvates are crystal farms containing either stoichiometric
or nonstoichiometric amounts of a solvent [2-4|,

Due to the differences in their intra- and intermalecular
solid-state structures, palymorphic forms of a drug substance can
have different chemical and physical propeties. including melt-
ing point, salubility, mechanical properties.and bulkdensity. These
properties can have a direct effect on the ability to pracess andfor
manufacture the drug substance and the drug product.as well ason
drug product stability. dissolution, and bioavailability. Thus, paly-
morphism can affect the quality, safety, and eflicacy of the drug
product |S]. Therefore, the investigation of polymarphism in raw
materials and also in solid dosage forms is becoming a common
practice in industrial quality cantral routines. A range of analytical
techniques. such as PXRD, DSC. ATR-FTIR. near-infrared spec-
troscopy (NIR). diffuse reflectance infrared spectroscopy (DRIFTS),
Raman spectrascapy, solid state '3C NMR spectrascopy. and tera-
hertz ('T14z) spectrascapy, have proven suitable for the analysis and
quantification of palymorphic mixtures [6-14],

Imatinib is a drug used to treat certain types of cancer and
marketed as its mesylate salt (Scheme 1). It is a tyrosine kinase
inhibitor and ane of the first malecularly targeted therapies used
in the clinic. Its efficacy was proven in the treatment of chronic
myeloid leukemia (CML), gastrointestinal stromal tumors, and also
in other malignancies that invalve expression of a tyrasine kinase
{15]. Imatinib mesylate is prepared using a fully synthetic pracess
and shows palymarphism, Due ta its navel structure and potent
biological activity. several synthetic methods were developed by
arganic and pharmaceutical chemists for imatinib, its salts, adsor-
bates, and polymorphs including amorphousform | 16-21|. Among
these crystalline forms o and 3 polymorphs were commercialized
and used as a drug substance in pharmaceutical industry. Com-
plete solid-state characterization of these two common forms was
studied together with their thermal behaviar and grinding effects
on their crystalline form by PXRD and DSC techniques [22]. Also,
a detailed vibrational spectroscopic investigation of 8 form was
done by using FTIR and FT-Raman spectra supported by quantum
mechanical calculations | 23], In particular. « form was described as
metastable at room temperature and was then initially indicated as
not useful for the preparation of pharmaceutical preparations [24].
Depending onthe applied process and madif cation of thermady-
namic variables like pressure ortemperature, either a potymorphic
conversion or farmation of an amorphous substance may occur dur-
ing production of solid dosage drug products (25]. The aim of the
present work is ta pravide a quantification methad for 3 form con-
tent in « form of imatinib mesylate in a tablet formulation. This
method allows us to test the polymarphic purity of the drug sub-
stance in tablet and used for quality comroland stability testing
of the drug product. in spite of many studies reported. there is
no report about palymarphic quantification of imatinib mesylate
polymarphs. At (irst, we focused our wark on the study of quantifi-
cation of B form in a form ofactive pharmaceutical ingredient (AP1)
by using PXRD. DSC. and ATR-FTIR. Subsequently. we have applied
the corresponding methods to tablet formulations, and finally the
selected quantification method (PXRD) was validated for determi-
nation of B form content in tablets produced by using o form of
imatinib mesylate. The validated PXRD method was used for sta-
bility testing of tablets and results showed that o« form of imatinib
mesylate is stable in tablet formulation used during these studies
and no conversion was abserved to 3 crystalline form.

2 Materlals and methods
2.1. Materials and preparation of polymorphs

imatinib mesylate samples were taken from commercial
batches produced by Deva Holding AS. (Tekirdag, Turkey). Ima-

tinib mesylate standards were supplied by a specialized team on
standardization of reference standards for analytical use in Deva,
Imatinib base used for synthesis of imatinib mesylate was supplied
from Cdymax Pharma (india). Synthetic and analytical reagents
and solvents were supplied from different commercial chemical
sources such as; Merck KGaA (Darmstadt, Germany), J.T. Baker
(Phittipsburg, USA), Sigma-Aldrich (St. Louis, MO, USA). Lab-Scan
(Cliwice, Poland), and Acros Organics (Ceel, Belgium). Deionized
water was prepared using MilliQ plus purif.cation system (Milli-
pore. USA). Deuterated solvents (dimethylsulfoxide-d6 and D;0)
were purchased from Merck (Darmstadt, Germany). Evidence of
the chemical structures has been provided by an examination of
TH NMR. '3C NMR. and mass spectral data. and of polymarphic
forms by PXRD, DSC and ATR-FHIR spectroscopy. Purlty of each
polymorph was tested by validated HPLC and CC methods and
determined to contain <0.5% of other pracess related impurities,
Both polymarphs were anhydrous and their water content was
found below 05%. The analysis was carried out by Karl-Fischer
(KF) titration of 1.0g sample using pyridine-free iodosulphuraus
reagent (CombiTitrant 5 ane-component reagent for volumetric
KF titration 1mL equal to ca. Smg H,O0, Merck, Germany) on
Metrohm 795 KFT Titrino inscrument (Switzerland). Tablet for-
mulations were containing the following excipients besides the
active drug substance; micracrystalline cellulose (Type 302) (JRS
Pharma. Cermany). hydroxypropylmethyl cellulose (HPMC E3)
(Dow, USA), crospovidone (BASF. Germany), colloidal silicon diox-
ide (Evonik Industries, Germany), and magnesium stearate (Peter
Greven GmbH. Cermany).

2.1.1. Synthesis of imotinib mesylote B fonn

A solution of methanesulfonic acid in methanal was added
slowly(in ca. 10 min)into asuspension ofimatinib basein methanol
at room temperature. After complete dissalution active carbon was
added and the mixture was heated and stirred at reflux tempera-
ture (65-70°C) for 30 min. Then. it was [ Itered through celite and
the filtrate was concentrated to dryness. The foamy residue was
dissotved 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°Cin vacuo to afford olf-white crystalline product ( 3
form).

2.1.2. Synthesis of imatinib mesylote &« forn

Half amount of methanesulfonic acid solution in diisopropyl
ether was added slowly (in ca, 30min) into a suspension of ima-
tinib base in isopropyl alcohol at reflux temperature (80-BS °C).
After addition of hot isopropy! alcahol. second half of the methane-
sulfonic acid solution in diisoprapyl ether was added slowly (in
ca. 30 min) and the mixture was stirred at reflux temperature for
30min. Then, it was cooled to 30-35¢C, (iltered. and the crystals
were dried for 6-8 h at 90-9S <C in vacua to afford oft-white crys-
talline product ( form),

2.2. Preparation of samples

Samples were prepared in f.ne 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 (25 42 °C) conditions. Samples/standards were pre-
pared by mixing them in a mortar and sieving ta get hamageneaus
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
a-B polymorphic APl mixtures were prepared at different ratios
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and tablet samples were prepared by mixing 922 mg placebo and
478 mgcorrespondingstandard APl mixture.

2.3, Microscopes

High performance scanning electron microscope (SEM) images
were taken on JEOL JSM-7001F (Thermal Field Emission Scanning
ElectronMicroscope, Japan)with 10.00 kV accelerating voltage. The
microscope images of crystals were taken on Swilt Phase-Master Il
(USA) phase contrast microscope,

2.4. Powder X-ray diffractometry (PXRD)

PXRD patterns were obtained using a Shimadzu (abX XRD-6100
X-ray diffractometer (Shimadzu Corporation, Japan) by using the
following instrument parameters: X-ray source: Cu(1.5406 A), cur-
rent: 40 mA, voltage: 45KV, (ilter for KB: nickel. and measurement
parameters: scan axis: 20/, start angle (26): 3.0° (19.5- for quanti-
tative 3 form analysis), end angle (20): 40.0" (21.0" for quantitative
B form analysis), step size: 0.028°, and scan speed: 0.250 (°/min).
A peak corresponding to imatinib mesylate B form of occurring at
about 26 value 0 20.5 = 0.2~ is considered as characteristic peak for
thedeterminationoftheamountof form in« form imatinib 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 0 20.5 £ 0.2 (related to B form) was determined.
Amount of imatinib mesylate B form was calculated according to
the calibration curve using the following formula X (%)=(a £ y)/m,
where “a” is peak intensity of  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. FTIR spectroscopy

Samples were measured as neat by using ATR on Shimadzu FIR
Spectrometer IR Prestige-21 {(Shimadzu Corporation. Japan)in the
range of 600-4000 cm=" with 20 scans and 2cm-"' 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 (low using indium and zinc
standards. The samples {2-3mg) were placed in sealed aluminum
pans under nitrogen purge at flow rate of 30 mL/min. The samples
were heated from 100°C to 250°C at a heating rate of 10” C/min.
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 AC. Cottingen, Cermany) with a resolution of0.01 mg.

2.7. Validation of analytical method

The analytical method developed for quantification of imatinib
mesylate B form in a 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, B form, a form, B form with placebo and a formwith
placebo samples. Diffraction peak of 3 form (20,5 4:0.2" 26) on the
dilfractogram of B form with placebo should be clearly observed
and no diffraction peak of f# form should be observed on diffrac-
tograms of placebo and « form with placebo.

The LOD of the quantitative method was determined by ana-
lyzing x form tablet samples spiked with 1%, 2%, 3%, 4%, 5%, 6%, 8%,
and 10% (3 form, Detection limit was set as the concentration at first
selected dilfraction peak appeared and quantitation limit was set
as three times of LOD value,

Linearity of the method was determined by scanning five stan-
dards in the range from LOQ to 150% of specification limit of
form (LOQ, 50%. 100%, 125%, and 150%). Slope of regresston line,
correlation coefficient (R), and residual sum of squares (RSS) were
reported. A linear relation between amount of (3 form and retative
peakintensities was achieved.

Samples at level 1 (LOQ) and level 5(75% B) were scanned six
times for range study. Relative standard deviations (RSD) of inten-
sities at minimum (LOQ) and maximum tevels were calculated.

For the determinationofaccuracyofthe method, recovery study
was carried out by analyzing four different concentration (12. 25,
50, and 75% (3) samples in triplicate. The percentage of the average
recoveries was calculated,

Precision (repeatability) of the method was ascertained by ana-
lyzing six difterent samples containing 50% 3 form under the same
working conditions. For inter-day precision, six different samples
{50% 3) were prepared and analyzed on a difterent day by a dif-
ferent analyst. RSD of intensities and difterence between mean of
recoveries of two studies were calculated.

2.8. Stability studies

Stability studies were conducted under accelerated (40 +2°C.
75 4 5% humidity). intermediate (30 £ 2°C, 65 + 5% humidity) and
long-term (25 ¢ 2°C, 60 £ 5% humidity) stability conditions [26].
The samples were analyzed to determine the polymorphic purity
by the developed PXRD method reported herein. Dilferent drug
substance and drug product samples were subjected to various sta-
bilityconditions and sampleswere analyzed by using OSC and PXRD
methods.

3. Results and discussion

3.1. Characterization of imatinib mesylate polymorphs (¢ and 8)
Microscopic and SEM images ofimatinib mesylate « and B form

crystals are shown in Fig, 1. Where, ciystals of a form are needle

shaped while B form crystals are plate-like shaped. This differ-
ence could be explained by their conformational difterences in

SF
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Fig. 1. Imatinib mesylace microscopic images (A) a foan and (B) B form, and SEMamages (C) a fonn (200um). {D) B fonn (200 j1m}. (E} a form (SOpm). and {F) § form

(50 pum;.

the crystal lattice and packing arrangement, caused by the differ-
ences in their intra- and intermolecular interactions, Single X-ray
crystal diffraction studies |22| showed thac each crystal form was
subjected to different intramolecular interactions to stabilize their
malecular conformation {Supplementary Figs. S1 and S2). In both
forms weak tntramolecular 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. S1 and S2) of polymorphs are complementary. Crystal shape
ofadrug substance is important especially for tablet productssince

it may influence the compactionbehavior. flow-ability and the ten-
dency to stick ta the punches [27]. Of course, this effect could be
minimized by addition of proper excipients as in the case of ima-
tinib mesylate o form, which has worse flow properties due to its
morphalogy (needle-like shaped} with respect to flow properties
compared to B form {plate-like shaped).

Polymorphic purity of synthesized «« and 8 polymorphs were
conf.rmed by PXRD. FMR, and DSC analyses (Supplementary Figs.
S3and $4), and they agreed well with the literature results |22.23|.
Both polymoarphs are thermodynamically stable and show similar
aqueoussolubility characteristics, therefore both could be used for
the manufacturing of the diug product. In-vitro dissolution profile
of the (ablets manufactured by using o polymarph was similar to
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the inventor's drug product manufactured by using (3 polymorph
(Supplementary Fig. S5). a form is more hygroscopic compared to
8 form, but this does not affect its polymor phic stability when it is
in pure a form, Il the drug substance contains even small amount
of B form and subjected to humidity. there is a polymorphic con-
version tendency toward B form. This tendency was not observed
inour tablet formulation and it was monitored by keeping the drug
product samples at various stability conditions for several months.

3.2, Evaluation of PXRD. FTIR. and DSC methods for
deteninination af 8 polymarphic impurity

PXRD.FTIR.and DSCmethods were evaluated for determination
of B form impurity in @ form of imatinib mesylate both for drug
substance and tablet product. First evaluation was done by com-
parison of pure drug substance polymorphs and then drug product
was evaluated.

PXRD patterns (Supplementary Fig. S3A) were evaluated for
determination of characteristic B foan peaks compared to o form
and a very distinct and strong diffraction peak at 20.5 1:0.2" 20 was
selected to build the calibration model. X-ray dillractograms were
acquired for the a form drug substance samples spiked with 0.5%,
1%, 2%, 3%, 4%, 5%, 6%, 8%, and 10% 3 polymorph for LOD study
(Fig. 2A)and 3% (LOQ). 12%. 25%, 50%, 62.5%, and 75% for linearity
studies (Fig. 2B) in the range of 19.5-21.0° 2/: from which a linear
calibration plot was obtained with a correlation coefficient 0f0.992,
y-intercept 411, and slope 570. Results for the mentioned n - mix-
tures showed that PXRD is a suitable method for determination of
B forn content in a form of the diug substance and the detec-
tion limit was about 1% using the 20.5 +.0.2° 20 diffraction angle
relative peak height. On the basis of these results, PXRD method
was evaluated for determination of 8 polymorph in tablets where
n polymorph of imatinib mesylate used. For this purpose. X-ray
diffractograms for samples of pure o and (3 form containing tablets
and placebo were compared and no diffraction peak was observed
for e form drug product and placebo atthe selected diffraction peak
(20.5+0.27 20) of B form (Fig. 3A). All preliminary studies sup-
ported that PXRD methad is also suitable for determination of B
form content in tablets.

To investigate the potential of the ATR-FI1R technique for quan-
titative polymorph analysis. FTIR spectra of - form pure drug
substances (Supplementary Fig. 53B) and drug products (Fig. 3B)
were evaluated. The « form spectrum exhibits an additional vibra-
tional band at 1446cm-" that clearly distinguishes it from {3 form,
indicating thatATR-F11R can provide def nitive identification ofthe
two polymorphs, Several standards containing 0, 0.5, 1, 2, 3, 4,5,
6.8, 10. 12, 15, 25, 50. 62.5, 75, 85, 90. 95, and 100 wt% of B form
in mixtures of -P form drug substances and drug products were
analyzed. The ATR-FTIR spectra showed that intensity of the band
at 1446cm-! increased by the increase of the weight percent of
« form from 0 to 100% in the polymarphic mixture (Supplemen-
tary Fig. 56). By plotting the absorbance at 1446cm-! against the
weight percent of 8 form in the polymorph mixture, a linear cal-
ibration plot was obtained with a correlation coefficient of 0.977
(y=0.2052x +65.313) and 0.959 (y = 0.2762x + 67.605} for drug sub-
stance and drug product, respectively, Better correlation was
achieved by peak ratio approach and the band at 1630cm-! was
selected as reference to eliminate baseline effects, any variation
caused by sample particle size, or intensity of the F11R source, This
approach yielded better calibration curves with correlation coeffi-
cient 0f 0.994 (y=0.0022x +0.651) and 0.977 (y=0.0027x +0.7231)
for drug substance and drug product. respectively. FTIR method
by using peak ratio approach seemed 10 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 quantitative
polymorph analysis of «- form pure drug substances and drug
products. The melting event for B form drug substance stasts at
216°C (onset temp.) and ends at 222°C (endset temp.) and for o
form stasts at 225 <C{onset temp.)and endsat 230<C(endset temp.)
(Supplementary Fig. S4). There was no overfap between melting
endotherms of « and B 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 30 wtX of B form in mixtures of a~B form
drug substances and drug products were analyzed. Pure o form
showed lower melting enthalpy (98.29)/g) compared to B form
(110.85)/g) as an AP (Supplementary Fig. S4) and similar behavior
wasaobserved in drug formulation by meltingenthalpies 0f22.28 |/g
and 31.38]/g. respectively (Fig. 4A and B). Interestingly. melting
enthalpy of 3 form decreased on DSC thermograms of - poly-
morph mixtures and for a form a distinct increase was observed.
Fig. 4B and € shows DSC thermograms of S0% a3 mixtures of AP/
and drugproduct where this enthalpy changes could be seen clearty
as following: 72.23j/g for o and 38.62)/g for B in APl mixtures;
9.65)/g for a and 6.37 /g for (3 in tablet formulation. This substan-
tial change indicates an enantiotropic relationship between both
forms and could be explained by conversionafthe (3 form toa form
at the melting temperature by seeding elTect of the o form, since
there is no additional endothermin case of pure B polymorph. The
converted (3 form then melts at the melting temperature of o poly-
morph which increases the melting enthalpy of a form. Luckily. this
enantiotropic relationshipdid not affect the linearity of calibration
curves drawn by plotting the heat (J/g) absorbed by 3 polymorph
against the weight percent of 8 form in the selected levels of a-3
polymorph mixtures of drug substances and drug products. Lin-
ear calibration plots were obtained with correlation coefficients of
0.998(y =0,8504x - 3.3478)and 0.997(y = 0,1728x - 1.947)fordrug
substance and drug product. respectively, LOD and LOQ of the DSC
method developed for quantitative analysis of 3 form in drug sub-
stances were found 1% and 3X; and in drug products 4% and 12%,
respectively.

3.3. Comparison of PXRD, DSC, and ATR-FTIR techniques

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

The poor performance by ATR-FTIR, 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
transmittance band for B polymorph on FI1R spectrum compared
to @ polymorph. Thus, a strong and distinct transmittance band
{1446 cm-")ofl o form was selected tobuild a calibration curve but
thisdid not give enoughsensitivity for determination of 3 polymor-
phic content. For better results, different approaches may have to
be applied, such as taking derivatives o fthe spectra. finding the dif-
ferent absorbance band (s)and developing a quantilication 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 substance and tablet formula-
tions of imatinib mesylate o and B forms, However, PXRD requires
careful sample preparation compared to DSC. where no special
sample preparation 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 mare time saving by using automated sample holder
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which is not applicable on DSC systems. where samples should be
placed and run by the analyst one by one after each other. Despite
the simplicity of the DSC method, there is a possibility of drug-
excipients interactions, which may produce unpredictable change
to the thermal events that interfere or overlap with the melting
endotherms, thus resulting in unreliable quantification of the poly-
morphic content. According to our studies with imatinib mesylate
tablet formulations, none of such eifects and overlaps was detected.
So. DSC could be an alternative convenient way for ensuring the
polymorphic content of APl and tablet samples. The peak interfer-
ence of the APi and the other contents (such as excipients) on the
X-ray diffraction pattern should be minimal. Since each compound
has its own set of characteristic peaks. PXRD is suitable for the
analysis of formulated samples such as tablels {or other solid sam-

.

|
ples)besidesthe APIs, In both methods. otheringredients contained
in the tablet formulation lowered the sensitivity, and déllec(able
amount of the imatinib mesylate B polymorph was found as 4% for
drug product. which was 1% for the drug substance.

To compare the accuracy of PXRD and DSC techniques for
both a-f form binary mixtures in APl and tablet formulation,
six standard APl samples containing different amounts olf B form
were prepared and four of these binary APl mixtures where
B form content was above 4%. were used for tablet formula-
tion. All binaiy APl and tablet mixtures were analyzed by the
developed PXRD and DSC methods and results are summarized
in Table 1. Among both techniques, PXRD provided more accu-
rate results for determination of the 3 form amount for API and
tablets,



E Bellur Acicl, 8. Karh@a / journal of Pharmaceuticn! and Biomedica! Analysis 114 (2015) 330-340

DsC
mw

A a form
200

200 SeTEte W 2 ooceT™y

71O Rats Hoky Terp
KKl 1C | ,
10 200

1.00

’Wﬂ 24320

L teme O 40)

0.00 el <3 B
.72 2004

8 B form

Pawt 217.54C
0.00 ! o 2120
Erowr  720G8C

31300

0.00 500 10.00 1500
Time |min}

37
[+ Temp
i c
2.00
C 230
‘00 '
200 , Pesc FgeC 1
" Ouet 7240% . 200
p Enhw 2239
Fas | 2IBSE MmN
Ome  7inEst nne
Cnctwr:  TRORXC |
mmv;:wqu Houl 42 0fen)
1Teme Y
6.00 remc maw g temy Rl

m) ;t.l l
00c 350 i 150
o
400
D 250
I
e 2708 |
ome 21407C | w0
Savee Wag 2 X0Reg] {rova 16 S5C
SunTeT 180 oy s
lewx. Haw |40k 1 emrp tew ¢ Pes z238iC "'
200 2l (€ | 430 mm
100 250 Orast b
|"‘°" 2w |
Moot 222
£ 13
530 1%0
1.00 " [H]
000 5.0C 10.00
Time pran|

Fig. 4. DSC thennograms of (A} ct and (B) B form in tahlet formulation, {C) SOX a and B form API mixture, and (D) 50X a and B form APl mixrure in tablet fornulation.

3.4. PXRD method validation

All preliminary studies supported that PXRD method is suit-
able for determination of B form content in drug product and
the method was validated for the selected diffraction peak, in the
19.5-21.0° 2M range with 50% specification limit.

3.4.1. Method validation

34.1.1. Specificity. Placebo. B form, a form, f3 form with placebo,
and a form with placebo samples were scanned by using the spec-
ified measurement parameters given in Section 2.4. Method was
found selective since diffraction peak of B form (occurring at about
20 value of 20.5+0.2°) in the diffractogram of {3 form/placebo
mixture could be clearly observed and no diffraction peak was
observed in the diffractograms of placebo and o form/placebo mix-
ture (Fig. 3A).

Table 1
Comparison of PXRD and DSC techniques for the quantification of B form content in
binary APl and tablet mixtures.

Actudl (3 formy cnntent (%) 3 form content (%) determined forfhy

APt ‘Tahlet
PXRD D&C PXRD nsc
101 2,69 484 - -
3.81 378 5.21 - -
B4 R0 393 646 1443
18.03 1666 16.30 1625 17.33
26.98 21.50 23.40 25.79 2311
44.00 4. 35.69 42,75 56.79

3.4.12. Limit of detection and limit of quontification. ’lacebo sam-
ples spiked with 1%, 2%, 3%, 4%, 5% 6%, 8% and 10% B form
containing APl standards were analyzed (Fig. 5A). Firsl’ldiffraclion
peak appeared at 4% (3 form containing sample and delecuon limit
was determined as 4%.1.0Q value was three times of the LOD value
and set as 12%.

3.4.1.3. Unearity and range. Five standards in the rangé from LOQ
to 150% of specification limit (LOQ, 25%. 50%, 62.5%, and 75%)
were scanned (Fig. 5B, Supplementary Table 51). Callbrauon curve
showed a linear relation between amount of 3 form and diffrac-
tion peak (20.5 +£0.2°) intensity measured on X-ray dsﬂ'ractograms
and correlation coefficient was found as 0.992, where y-intercept
and slope was found as 261 and 194, respectively. Residual sum
of squares (RSS) was found as 1586294. Samples at LOQ (12% B)
and maximum concentration level {75% (3) were used for range
study. RSD of intensities of six replicate injections was found as
3,5% at LOQ level and 5.2% at maximum concentratior; level, and
this working range was found appropriate. |

3.4.1.4. Accuracy and precisian. The accuracy of the method was
evaluated on samples spiked with 8 palymorph in triplicate at four
levels of 12% (LOQ), 25X, S0, and 75% (LOQ. 50. 100, and 150% of
the specification limit, respectively). Satisfactory recoveries were
achieved at each level in the range of 87-112% for high concen-
trations and 83-92% for LOQ level (Table 2). The precision of the
method was investigated by scanning six individual sam‘ples spiked
with B polymorph at the specification limit (50%). The s;ame proce-
dure was applied for the inter-day precision by a dlITerent analyst
on adifferent day. Recoveries for the intra-day and mler-day preci-
sion studies were obtained intherange of 108-11 2%and100-112%.
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‘Tabte 2
Results of the PXRD method validation accuracy and precision studies
Accuracy Precision
‘Theo. 3 form imensity Exp. |$ form Recovery ‘Theo. B form Intensity Exp. B fonm ' Recovety
{%} (1) (%} (R} (%) ()
12 2298 1 92 Intra-day 50 nn G "2
2158 10 83 11082 56 112
2297 11 92 10895 S5 : 110
25 4949 24 9% 10849 S5 no
5750 28 n2 10675 54 10R
4882 24 96 ma21 56 112
S0 10812 5S4 108 inter-day 50 10668 54 108
10013 50 100 1ol 56 12
OGRS 54 108 11114 S6 n2
75 12944 s 87 10702 54 108
13292 o7 89 10259 52 104
14019 n 95 10026 50 100
‘1able 3
Stability re<ults of hinary tablet nuxtures.
Condition Actual B form content B form content (%) determined by #XRD
[¢ 5] imnat 3 months G months 12 mnnths 18 months
254 2°C, 0 ¢ SYRH 10-15 145 13.7 141 15 139
401 2*C.75 4 5% RH 139 14.6 NA NA
2512¢C.60 ¢ SXRN 35-40 393 7 369 373 NA
302 2°C. 54 SYRM LA 38.7 39.5 NA
402 2"C.75 41 5% RH 38.2 7 NA NA
RH: relatwve hunudiry; NA: not applicable.

respectively (Table 2). RSD of recoveries were found as 1.68% and
4.23%. respectively. Dilference afthe mean recoveries between two
studies forintra-day and inter-day precision was found as 3% and
the method was found ta be sufficiently precise since no significant
variation in the found results was abserved on any day.

Requirements for each stage of the validation study were ful-
filled. Thus, our developed PXRD method was specific, linear.
selective, precise and accurate, and could be usedfordetermination
of 3 polymorph content in tablets produced by using ¢ polymorph
of imatinib mesylate. This method is used to contro! B form con-
tent in manufactured imatinib mesylate tablets (100 mg, 200 mg,
and 400 mg « form) and to monitor the polymorphic stability of @
form APl in drug product during stability studies. Ten commercial
size batches andtheir stability samples were analyzed by using this
methaod and in none of them B polymorph was detected.

3.S. Polymorphic stability

Samplesofa formcontaining tablets fromdillerent manufactur-
ing batches were subjected to various stability testing conditions
and analyzed according to the validated PXRD method to configure
the stability of & form in the tablet formulation. The results indi-
cated that a form was not converted to 3 form during the tablet
manufacturing process. and also under routine (25 +2°C. 60 = 5%
humidity). intermediate (30 £2°C, 65+ 5% humidity) and accel-
erated stability testing (40+ 2°C, 75 £ 5% humidity) conditions in
the original tablet form (film coated) and package (LDPE blister)
(Supplementary Figs. 57 and S8). Additional studies were carried
out under accelerated stability testing conditions by subjecting the
tablets directly without any package and also by peeling their film
caating. No polymorphic conversion to B form was observed on
X-ray dilfractograms of the samples taken from different parts of
the tablets {surface and middle parts measured separately) which
confirmed that a polymorph is stable in our tablet formulation.
Similar study was carried out by subjecting pure o form APl in
its ariginal package {double LDPE bag) and in open flasks to the
same conditions. In both case, e form APl was found stable and

not allected from the outside temperature and humlduy and no
conversion was detected to 3 polymorph (Supplememary Fig. 59).
Another study was carried out by subjecting a form /}PI contain-
ing small amount of B polymorph {ca. 1%) in package and in open
Nasks to 40 +2°C. 75 = 5% humidity conditions. a-f8 polymorphic
content of the packed sample did not change in time! But, in the
case of open drug substance samples, complete conv:ersion to B
form was abserved in time (approximately in twa months) (Sup-
plementary Fig. 510). The polymorphic conversion ofthe B form
containing c form APl samples subjected to high humicliily directly
could be explained by seeding effect of the more favarable crys-
talline B form. Fortunately, our tablet formulation was able to
prevent such a polymorphic conversion and this was proved by
subjecting two different tablet samples (400 mg API] containing
10-15% and 35-40% 3 potymorph to normal, mlermed|ate and
accelerated stability conditions and followed for 18 and 12 months,
respectively. X-ray diffractograms of the samples (Supplememary
Figs. 511 and S12) were analyzed and no significant difference was
abserved on polymorphic content of the tablets durlrg this time
period {Table 3). Both polymorphs were alsosubjected w hightem-
perature {200°C} in open fasks for one week and monitored by
PXRD and DSC studies. where no change was abserved on their
crystal structure (Supplementary Figs, St3 and 514).

4. Conclusion

Mixtures of polymorphs may occur and the extent of their
presence in pharmaceutical ingredients and tablets can be of con-
siderable impostance and lead to dilliculties associated with the
product development and registration phases. Quantification of
imatinib mesylate « and 8 polymorphs in solid binary mixtures
was studied using PXRD, DSC. and ATR-FTIR spectroscopic meth-
ods for determination of polymorphic purity of the API and tablets.
Among these three techniques, PXRD provided the mdst accurate
determination for the amount of 3 form followed by DSC. while
ATR-FTIR spectroscopy was the least accurate, Thus. a quantitative
method employing PXRDto determine the polymarphi¢ content of



340 E Beliur Atict 8. Karltga/ fournel of Phermaceutice! and Biomedical Analysis 114 { 2015) 330-340

tablet samples was developed and validated. Careful and consistent
sample preparation with particle size control was vital in develop-
ing a robust calibration curve for quantitation, and the method was
able to quantify the B polymorph impurity down (o 4% in tablets.
The quantitative PXRD method reported herein represents a useful
tool for monitoring the polymorphic content and crystal lorm sta-
bility of « form of imatinib mesylate in tablet formulations. Here,
it was shown that tablets produced by a crystal form of APl were
highly stabilized by the excipients used in the formulation and no
detectable polymorphic transformation to B form was occurred
during manufacturing process or stability periods.

Acknowledgments

The authors are thankful to the management of Deva Holding
A.S. IstanbulfTurkey, for supporting this work and the Scientific
and Technological Research Council of Turkey (TUBITAK-TEYDEB
Project No: 3090682) for the financial support,

Appendix A. Supplementary data

Supplementary data associated with this article can be found. in
the online version, at htip:/fdx.doi.org{10.1016/j.}pba.2015.06.0 11

References

11l Cr. Seahty, Diversity in single- and multhiple-component crystals: the search
for prevalence of potymorphs and cocrystals, Cryst, Cmwih De< 7 {2007)
1007-1026.

12) S.K. Byrn. K.R. pferiTer, J.G. Stowell,Sold-Stare Chenusiry of Drugs. 2nd
editzon. 8SC1, Inc. West Lafayeste, tndiana, 1999,

3] #1.C.. Bnrrain, Methads for the characterzation of polyinorphs and solvates,
n: 1LG. Bnmain {Ld.), 'olvmarphisin in I'harmaceuncal Snhds, Marcel Dekker,
tnc. New York, 1999, pp. 227-278.

|4l H.CBrreaan. D) w, Crami. Effect of potymnrphism and solid-state salvanon
on soluhility and dissolutinn rate, in: 1LG. ISnitam (L.d.), 'olyniorphism in
Pharmaceuttcal Sonds, Marcel [Dekker. (. New Yark, 1999. pp. 279-330.

5] Guidancefor {ndustcy, ANDAS: Pharmaceutical solid polymorphism:

chemistry, manufacturing. and controls informatinn, US. Department of

Health and Human Services ¥ood and Drug Administration.Center for Drug

Evaluanion and Research, July 2007.

N.Chieng;, 1. Rades, ). Aaltninen. An nverview of recent studie<sonthe analysis

of phartnaceuncal potymnrphs, | Fhami. tiomed. Anal 55 (2011) 618-644,

and references theiein.

C.Rruni. V. Rerhenm. C, Milanese. A. Girelta, A. Cardim. S. Lanfranconi, A

Marisw. Derernvnation of the nateglimde polvmorph:c punty thiough 11SC,J.

I'narm. Biomed. Ana). 54(2011) 1191:-1199,

18] 1= f1lemons. I1. Bounchs, | Mantanus, L. Kozet, I'. Lehrun, E. Essass:, Y. Cherrah,
A. 8ouklouze, I'h.lubert, Determninalion ofholary potymorphie mixtures of
fluconaznle using near infrared specirnscopy and X-ray powder diffracnion: a
comparative study hsed on the pre-validatton stage results, | 'harm.
Rionted. AnalSS(2011)1208-1212,

19] ¥.L1. 1S, Chow, K.&.10. L.m, Quanufication of polymorphic impunty in an
enanhotropic polymorph system using dift erenvtial ccanming caloninetry,

16

1

X-ray powderdiffractionand Kaman spectmscopy. hit. . I'harin.415 2011)
110-18,

|10] D.M.Craker. M.C. Henmigan, A Maher, Y. 1lu, A C. Ryder. 8 K. Hodnptt, A
comparative study ofthe uceof powder X-ray difTracion, Raman dnd near
infrared spectmscopy fnrquantficaninn of hinary potymorphk mixture.s of
piracesam, J. #harm. Binme.d, Anal. G3 (2012; 80-86.

J11] M.K.Riekes, K. $ereira, C.S Rauber, S.L Cuffim, C.E.M. de Can1p0s, MAS.
Silva, 11K, Staizer, 'olymorphism (i mmodip:ne raw matenals: development
and validation of a quantitative methad through differentia) Scanning
calonmerty, ). Pharm. Biomed. Ana). 70 (2012) 188-193.

112} M.C, Hennig.2n. A.C.. Ryder, Quantitative polymaorph comanninant analysis in
tablets usingRaman and near mfra-red spectm<copies, J. Pharns. nlomed
Anal.72(2013)163-171,

113) M1).Kinz W.1. duchanan, [.M. Korter, 1dentification and qu.nmr«#mnn of
potymorphLsm in the pharmaceutical cnmpound diclofenac acid by terahertz
specrroscopy and solid-state dencity funciional theary, Anal. Chenld. 83 (2011}
3786-3792.

114] J. Quu.C.. L, Y. Sheng, M. Zhu, Quantification of febuxosrat polymerphs using
powder X-ray diff racton techiarque, ). Pharm. Binmed. Anal. 107 {2015)
298-303, |

115] S. nulucq. M. Krapnpwe. CH. Takunato, L Calvo. The pharmacogencfics of
imahmh,Genome Med. 2 (2010) 85, I

|1G) F.de lirec. LA. Snrbera, K. i ernindez. ). Castaner, Imatinth mesvl.nt.
treatinent of chrome myeloid leukena, 5r¢-Ahl tyrnsine kinasie infih:tor,
Drugs Future 26 (2001) 545-552. and references therein,

117] RJ.Ingham, £. Riva, N. Nikhin. LR. Baxendale, S.V. ley, A catch-read-release
inethod for the flow’ synthesis of 2-aminopyrimidioes and preparation of the
imannih hase, Org. Len. 14 (2012} 3920-3923.

18] A Kompella, B.K.K. Adihhatla, P.R. Muddasani.S. Rachakonda, V.K, Gampa, P.X.
Dubey.A facile tntal synthesis forlarge.scale production of imatinih base,
Qrgi'roc. Res. Dev. 16 (2012)1794-1804.

119) P.D.Haas, F. Koc. B. Karliga. £. Bellur Arici, R. Sivasligil. Polymoiphs of
Imannib, EP 2604596 A1, Dareoffiling: 16.12,2011, Date of publication:
19.06.2013. 30 pages.

|120] F. Koc. 8. Karliga_ k. Bellur Atici.S.A Ilhan. Processfor the pnparau‘pn of
adsorbates ofinwarinib, EP 2749269 A1, Filing date: 31.12.2012. Publication
date:02.07.2014. 16 pages.

121] F.Koc. 8. Karliga. E- Beltur Atic1, S.A Ilban. EM. Yilmaz, Process for preparation
of a polymorph ofinwatinid mesylate from IPA and THF solvate forgns of
imaninib mesylate, E*2749557 A1, Filing date: 31.12,2012, Publication date:
02.07.2014. 16 pages,

122] 1. Grillo. C.. Polla, D. Vega.Conformational potymorphism on mwannih
mesylate: gnndiog effects, J. Pharnt, Sci. 101 (2012)5.1-551.

23] A Snvastava, B.D.Joshi, P.landon. AP. Avala, A K. Bansal. L. Gnlle,Study of
polymorphisin in tmannib mesylare: a quantum chemical approach ucing
electronic and vihrationa! spectra, Spectrachim. Acta A: Mot. Biom¢d.
Spectrosc. 113 (2013) 325-332,

124] ). Zimmeroann, B. Sutter, HM. Bnger, Ciystal medificationofa
N-phenyl-2-pyrimidineamine derivative, processes for irs manufacture and
1ts use, US 6894051 Bl. Filing date: 16.07.1998, Publication dJire: 17,05.2005,
12 pages.

1251 W.C.. itnrtain, Effects ofmechanical processing on phase compositian, J.
Pharm. $¢1.91(2002) 1573-1580.

|126] Cuidance for indusiry Q1A{R2). Stability testing of new drug subs(nnces and
products, Intemational Conference on Harmonisation, 2003. |

|27] N Rasenack. . W, Maller, Civsialhahit and tablening behavior lntj I'harm.
244(20X02)45-57.

128] R. Helmy. C: X. Zhou, Y.W. Chen. I. Crocker, 130 Wang M. Rohert wbndowlr-

Anant Vallav.ay, Characeenzation and quantitannn of aprepitant dru'g

substance polymozphs hy arrenuared total reflectance Founer transfonn

mfrared spectmscopy, Anal. Chem. 75 (2003} 605-611.



Supplementary information for

Quantitative determination of two polymorphic forms of imatinib mesylate
in a drug substance and tablet formulation by X-ray powder diffraction,
differential scanning calorimetry and attenuated total reflectance Fourier

transform infrared spectroscopy

Escn Bellur Atici®-*. Bekir Karhga®

*deva Holding A.S., Cerkezkoy-2 Production Plant. Karaaga¢ Mh. Fatih Biv. No: 26 Address

No: 2278035833 Kapakl:, Tekirdag, TURKEY

*Cotvcsponding author. Tcl: +90 282 7581771 (4413 and 4411); Fax: +90 282 7581770

E-mail addresscs: chellur? deva.com ir: escnbellur@ v ahoo.com

5



N7







Fig. S1. Crystal structurc and packing diagram of imatinib mesylatc « form

intenmolccular intcractions shown as dashed lincs [22].

displaccment cllipsoids deawn at 304% probability level. intra- and




\ C23

C18

C19,

3 C22
Cg3 \ C21

C24

N6




»
-
L)
- L)
o -
. & J
- X,

L/ ¥
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Fig. S11. Stability studics: X-ray diffractograms of 400 mg imatinib mesyiaic (« form containing 10-15% [ form)

1ablct (25 £2 °C. 60 + 5% RH and 40 £ 2 °C. 75 + 5% RH).
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Fig. $12. Stability studics:

+2°C, 60+ 5% RH, 302
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Table S1. Results of the PXRD method validation lincarity study.

B form (%) | Intensity found (Y1) | Intensity calcd. (Y2) | Square of residual (Y1-Y2)?
12 2298 2589 84681

25 4949 5111 26244

50 10812 9961 724201

62.5 12738 12386 123904

75 14019 14811 627264
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El presentc documento es una traduccidn aficiul o cspanol de un documento en inglés.
ROBIRTO M. OLARTE GARCIA

Teaductor ¢ Intérprete Oficial

Ministerio de Justicia, Repablica de Colombia

Resoluctdn No. 0041/1996

Dircecidn: Cen 5§ 34 03, Bogotd — Colombia
Télefono: + 571 601 7700

ROBERTO M. OLARTE GARCIA
Traductor e intérprefe Oficial
Resolucién No. 6049
Minfjusticta 1996

‘ 2 ﬁ‘)—-

Yo, Michael Mutz, cdad 57 aiios. con domicitio cn IFrciburg i.B.. Repiblica FFederal de Alemania, afirmo

y declaro lo siguiente:

A.  Lxpericncia

. Soy actualmentc Fcllow Principal (Experto senior cn quimica del cstado solido) en Novartis

Pharma AG cn Basilea. Suiza.

2. Obtuve cl Titulo de Magister (diploma) de la Universidad de Friburgo i.B.. Repablica Federal

Alcmana(RFA) cn 1984 y un Doctorado (Drser.nat, ) cn quimica fisica y biofisica d¢ la

Universidad L.ibre de Berlin, RFA, en 1989.

3. Entrc 1990 y 1991. rcalicé trabajos dc investigacion postdoctoral en la Escucla Normal Supcrior,
Paris, I'rancia cn quimica biofisica.
4. He sido ecmpleado de fonna continua desde 1991, primero cn Ciba-Geigy AG. y pestericrmente en

Novartis, tras su formacion en 1996 dc la fusion dc Ciba-Geigy y Sandoz AG. impecé cn C‘iha-

Geigy como jefe dc laboratorio cn cl departamento de Servicios Cicntificos. con especialida¢t cn

quimica fisica. Ll foco principal de mi trabajo cn Ciba-Geigy y Novartis ha sido ¢l polimorlisino y

la caracterizacion de los estados sélidos de sdlidos farmaccéuticos cn ¢l desarrollo de farmacos.

incluvendo la caractcrizacion analitica usando cristalizacion. fa difraccion dc polvo de ravos X

(XRI’D), microscopia. analisis dc sorcion dc humedad, anilisis térmico (calorimetria difcrcncizll e

barrido (PSC), TGA v TMA'. microcalorimetria y cspectroscopia (FTIRZ Raman y RMN} de

Iistado Solido).

¥ Andlisis tlcrmogravimétrico y analisis termomecanico.
2 Espectrometria infrarroja con transformada de IFourier

3 Resonancia magnética nuclear.




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

En virtud de lo anterior, me considero un experto en cf campo del polimorftsmo |v la

caracterizacion del estado solido de solidos farmaccuticos en ¢l desarrollo de farmacos.

ROBERTO M. OLARTE GARCIA
Traductor o iniémprete Oficial
Resetucién No. 0041

Minijusticls 1696 @




ROBERTO M. OLARTE |GARCIA
Traductor ¢ Intérprate Ofictal
Resolucién No, 004¢

Instrucciones Minstels 1996

Sc mc solicitd preparar una declaracion juramentada cn nombre de Novartis para csta accion ct
Colombia cn rclacion con una declaracion de interés puablico reckicionada con la patenic
colombiana & nombrc dc Novarlis nimcro 29270 (CO 29278) quc rcivindica la form:
polimérfica B del mctanosulfonato de imatinib.* En csta declaracion juramentada. sc me ha

solicitado tratar los siguicnics puntos:

. Estructuras cristalinas ¥ polimorfismo cn general - véasc la seccion C de esta

dcclaracion juramcentada (parrafos 8 a 11 a continuacidn).

+  Mélodos dc identificacion de polimorfos en una muestra - véasc la scccion 1 (pirratos

12 2 17 a continuacion).

«  Polimorfos conocidos dc mesilato de imatinib v los procesos para su preparacion -

véasc la scccion K (parrafos 18 a 39 a continuacion).

+  Posibles métodos para la produccion del polimorfo « . o una formulacion farmaccéutica
quc contenga cl polimorfo «. que ademds produzca cl polimor(o f3 u otro polimorlo - véasc l:

scccion F (pérrafos 40 a 48 a continuacion).

= La posibilidad dc quc cl palimorfo a se convicrta ¢n ¢l polimorfo f} - véase la seccion G

(parrafos 49 a 55 a continuacion).

Estructuras cristalinas v polimortismo cn gencral

La mayoria dc los compucstos orginicos forman cstructuras cristalinas. El mesilato de imatinib
cs uno dc cstos compucslos.

Las cstructuras cristalinas sc forman por un proceso conocido como cristalizacion. por cl cuat I
moléculas dc una sustancia sc agrupan y sc atincan cn un pairdn de repeticion regular de una

reticula cristalina.

La cristalizacion c¢s una mancra importantc dc scparar un producto cn una forma
sustancialmente pura a partir de una solucion impura. Este proceso se utiliza a menudo en la
industria farmacéutica, pucs la purcza cs muy importantc cn la produccion de un fiarmaco para

uso humano.

4 Lo quctambicén sc conoce por su nombre abreviado mesilato de imatinib. tJso ambos téaminos de forma

intcrcambiable cn csta declaracidon juramentada.
2v0R53




Traductor e trtbrpfets Ofictal

Resolucion N9, 0041
Minljusticta 1996

10. Algunos compuestos orgianicos. incluycndo mesitato de imatinib, exhiben ‘polhnortfismo’. o que
significa que cl compuesto pucde existir en mis de una estructura cristalina o forma. Diferentes
polimorfos ticnen difercntes propicdades lisico-quimicas. tales como solubttidad. csmbilidzu‘]
quimica. biodisponibilidad. morfologia, punto dc fusion. higroscopicidad y densidad. !
scleccion de un polimorfo apropiado cs. por tanto. un aspecto importante en cl desarrollo de us‘
farmaco. dada su potencial influcncia cn las propicdades del farmaco. ixisien varios mélodos
para identificar v caracterizar los polimorfos dc un compuesto orgianico. Muchas dc cstas
1écnicas sc mencionaron antcriormente en cl pirralo 4. y vo cxplico camo varios dc cllos

funcionan cn los pirrafos 12 a 17, a continuacion.

[t.  El mcsilmo de imatinib se puede cristalizar cn varias formas polimaorficas. Compnﬁl'us,]
farmacéuticas de todo ¢l mundo han descubicrto v documentado muchas formas diferentes del
mcsilato dc imatinib en las Gltimas dos décadas. Yo describo algunos de estos polimorfos en los

parrafos 18 a 39. a continuacidn,

D.  Métodos de identificacian de polimorfos en una muestra

12.  Es posible analizar una muestra para dctcrminar cudles de los multiples polimorfos conocidos

cslan presentces.

Algunas prucbas comOnmente empleadas para cste proposito incluyen XRPD. microscopia
anitlisis de sorcion de humedad y DSC. Estas téenicas son capaces de detectar diferencias en las
propicdadcs dc distintos patimorfos. que surgen debido a las diferencias cn sus cstructuras
cristalinas. Tales propicdades son caracteristicas de cada polimorfo. de mancra que sc pucden

utilizar para identificar la presencia del polimorfo ¢n una mucstra. ‘
1

5. En cl departamento dondce trabajo en Novartis en Basilca. utilizamos rutinariamentc XRPD y!
DSC para determinar si las mucstras conticnen formas polimdrficas particulares de una
substancia activa. Estas técnicas pucden identificar de forma fiahle la presencia de un polimorfo
particular cn una muestia. sicmpre que la cantidad presente en la mucsira sca mayor que cl
limite dc deteccion (£L.01) dc la téenica wtilizada, Cada 1écnica anatitica tiene un £.OD. quc cs la
cantidad mds baja dc una substancia distinguible de la ausencia de dicha substancia. Por

cjcmplo, si

IRHRE5|
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13

un téenica particular ticnc un LOD dc 5%. csta éenica podria inequivocaiente identiticar ¢l
polimorfo cn una mucstra que conticne 50%. 20% o 5% dc csc polimorlo. Sin cmbargo. la
téenica scria inadecuada para identilicar la presencia del polimorfo cn una mucstra que
contiene solamentc 2% dcel potimorto. IEn tales casos. un método mds scnsible de detcecion

scria nceesario.

ARPD
'

4. La XPRD sc wiliza a menudo para identilicar polimorfos cn una mucstra. como rcsullui
cvidente a partir del cjemplo de datos de XRIPD al que sc relicren los parralos posteriores dc;
esta declaracion juramentada, Generalmente se considera que ¢s un método sensible y ﬁublci
para dctectar potimorfos. La XRPD consistic cn proycctar un haz dc rayos X hacia una
substancia cn polvo quc estd siendo analizada. Cuando cl haz alcanza la muestra, las
intcracciones cntre los rayos X y los dtomos de la(s) estructura(s) cristalina(s) cn la mucstra
causan quc ¢l haz de luz sc disperse. La dispersion de rayos X por dlomos cn dilerentes planos
del cristal provoca interlerencia entre los haces dispersos i alpunos dngulos. Los dngulos & los
quc sc producc la interferencia sc detectan con relacion al angulo 20, Las inensidades de las
sciiales también sc detectan. Como los dtomos cn cada polimorfo diferente estin dispucstos dec
mancra distinta, la imerferencia sc produce cn un conjunto particular dec angulos. vy con
intensidades particulares. que son cariacteristicos de cada polimarfo. IEstos datos pucden ser
trazados cn un cspectro XRPD como un patron de picos. [En t¢rminos sencillos, este patron
pucde considerarse una ‘hucella digitat' o ‘firma’ del polimorfo. Algunos cjemplos dec espectros

XRPD sc mucstran en la Figura A, a continuacion.

2RWMESE]
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7. La DSC cs una técnica utitizada para analizar qué sucede con una substancia. tal como ung
cstructura cristalina. cuando cs climatizada. Al calentar la substancia. csta sufre transiciones

1érmicas quc afcctan su cstructura. Una dc estas cs la fusidn de la substancia. que sc produm.I
cuando las moléculas que componen la substancia comicnzan a scpararse. En cl caso dc una
cstructura cristalina, la estructura rcgular v repetida sc descompone dejando las moléculas
conslituyentes. La (usion cs una rcaccion endotérntica. lo que signilica que toma encrpia par:
que succda. Micntras que cl calentamicnto de una sustancia gencralmente causa un aumento ¢
su tcmperatura. cste sc delicne cuando comicnza la fusion v no sc rcanuda hasta que
cstructura de la sustancia sc ha desglosado completamente. La DSC mide cuiinto s calor del

scr apticado a la suslancia para que csto succda. o que permite Ja determinacion de |;
temperatura a la guc ocurrc csto. ¢t punto dc fusion de la sustancia. Como las cslmcluruJ
cristalinas dc los polimorfos son difcrentes, asi también lo son sus punios de fusion. Algunos

cjemplos de termogramas DSC sc mucstran ¢n la figura D a continuacion.

IFigura D:

V)
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Polimorfos del mesilato de imatinib v procesos para su preparacion

Iin cl pirrafo '} anoto que las compaiias farmacéuticas han documentado muchos poelimortos
difcrentes del mesilato de imatinib. No todos cstos polimorfos ticnen cstructuras cristalinas: ¢n
algunas disposiciones (denominadas formas amorfas), no hay ninguna cstructura cristaling
disccrnible presente. Adicionalmente, difcrentes disposiciones de una substancia activa no
licnen quc ser ilénticas cn t¢rminos de su compasicion quimica para ser consideradas
polimortfos distintos desde una perspectiva de reglanentacion farnacéutica. fas moléculas de
agua u otro disolveme pucden incorporarse cn una disposicion cristalina para dar polimorfos
alternativos, llamados hidratos v solvatos. respectivamente, Con miras a la brevedad. mas
adclantc discutiré unicamente los polimorfos « v 3. v otros polimor(os quc ticnen una cstructue
cristaling v una composicion quimica similar. La ‘Tabla | a cominuacion conticne una lista
completa de las diferentes lormas de las que vo tengo conocimicnto. cada una de los cuales ha

sido reportada como un palimorta distinto.

Tabla I:
[Forma : Descripeion |IHJL|1II
Formas discutidas a - -{F
ayp L WO 99/03854 Novartis |
HI WO 2004/106326 Iletero '
R L T e
[ Sve , WO2007/023182 | Novartis |
F.G LTy K W0 2007/059963 Novartis
Y v 7 WO 201 17100282 DrReddy's |
MY.3eb T T T EP2G04S96 A1 | Deva :
Formas amorfas !
Amorfo LIN2005/MUOI208  [Sun
Amorfo I'w0 2008/112722 Dr Reddy's |
Amorfo T TUS 20080234286 | Chemagis |
: Amorfo T | W0 20087154262 Foyz{rlis____;
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22, El altimo parrafo de la pagina 2 1ambién sciiala que la forma « del mesilato de imatinib cs
higroscopica, micntias que cl segundo pirralo de o piagina 3 explica que la lorma 3 cs menos
higroscopica. Detalles adicionafes sc proporcionan a partir del tercer parrafo de la pagina & v
hasta cl scgundo pirralo de la pagina 9. Ll primer parralo de la pigina 9 concluye que. a 25°C v
con una humedad rclativa de 93%.1a forna f permancee scca mientras que i forma « toma
rapidamente agua. al punto de haber una conversion parcial a una forma amorfa (es decir, no

cristalina).

i
L

Finalmente. ef pentdtimo parralo de la pagina 2 explica que los puntos de fusion de las formas

cristalinas « ¥ f§ pucden determinarse a partir de un termograna DSC. v el primer parrafo de I:l|
pagina 5 afirma quc la aparicion del pinto de fusion de la forma b csia atrededor de 217°C v dcl |

de la forma a csta alrededor de 226°C.

24, Dado que los espectros XRPD, [a morfologia de los cristales, la higroscopicidad v los puntos de
fusion dc los polimorfos a v [} dificren de mancras caracleristicas dc cada polimorfo. cs posible

distinguir los polimorfos a v f} usando técnicas de laboratorio cstandar,

o
]

134 scgundo parralo del jemplo | en la piagina 19 de WO 99/03854 describe un proceso para la
preparacion del polimortfo a a partir de una basc libre de imatinib. El proceso implica anadir la
basc libre dc inuttinib a ctanol antes de afadir dcido mctimosullimico a la suspension. La
solucion resultante sc calienta bajo reflujo antes de la filtracion v la cvaporacion. L2l residuo se
suspende cn ctanol ¥ sc disuclve bajo reltujo. Ll enfriamicnto. la filtracion v el sccado ticnen

como resultado ta lorma a del cristal,

26. El polimorfo @ pucde utilizarse para generar el polimorfo 3 bajo condiciones cspeciticas de

reaccion, por cjemplo. aqucllas descritas en el primer pirralo del Ejemplo | en Jas piaginas 18 &
19. Una suspension de la larma a s¢ digicre cn metanol ¥ los cristales de la forma [ sc aislan por
filtracion v se sccan. Allcrnativamenic, los cristales de la forma [} pueden scr usados para,
'sembrar’ la generacion de futuros cristales 8 cn una solucion que conticne mctasulfonaio de:
imatinib. Ll sembrado provec una cstructura de cristal como plantilia. sobre la cual futuray,

|
motéculas sc pucden montar. Ello funciona porque sc requicre menos encrgia pard un:ldiri'
cristales @ una estructitra cxistente que para cstablceer una nucva cstructura cristalina. WO
99/03854 describe dos métodos para generar la forma 5 con la ayuda del sembrado. 2] Iijcmp!u'
2 cn la piagina 19 explica que una basc libre de imatinib sc suspende en metanol antes de que se
afiadan cl acido metanosulfonico. ¢l metanol y el carbon activado. La mezcla se hicrve bajo
rcflujo, sc filira ¥ cl agua sc evapora. Bl residua se disuclve ¢n metanol ¥ ¢s inoculado con tnu
pequeita cantidad dc cristales 3. 151 secado a alta temperatura ¥ alta presion lleva % cantidadcs

mas signihcativas dc la forma [} del cristal, El Ejemplo 3 cn la pagina 20 describe camo calentar
233
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cl polimorfo o0 en mctanol ¢ inocutar la solucion con cristales f§ conduce a mis cristalizacion.
Sccar cl residuo a alta presion v alta temperatura produce cantidades mas signilicativas del

polimorfo f3.

Forma 111

27.  Un paolimorlo conocido como la forma H1 fuc descrito por Fletera Drugs Lid cn el ato 2004 ¢n
una solicitud dc patente publicada como WO 2004/106326. La solicitud explica que csta forma
cristalina novedosa sc caracteriza por un cspectro XRIPD que ticne picos cn 20 con valores de
aproximadamentc 9.9, 111, 165, 173,181, 19.1.19.6. 20.3. 21.1.21.9,23.2. 25.6. 24 .2, 24 9.

25.6.26.0.27.3.27.9.28.9.29.4. 301y 30.5 grados.

28, WO 2004/106326 proporciona cjemplos dec la preparacion de la forma 1. sobre la que se

alinma que imptica disolver la hase libre de imatinib en un disolvente clorinado antes de agregar

dcido metanosul Onico . para despuds agitar. [iltrar v scear.

Formas 1y il

29. WO 2006/054314. una solicitud dc patente presentada por Natco Pharroa Lid. divulga dos
polimorfos mds. Hamados formas | v If. La solicited hace una lisia de tos picos dcd espectro
XRPD de la forma . dc los que los mas signilicativos cstan cn 20 con valores de
aproximadamente 9.7, 10.0, 16.0. 17.1. 17.9. 18.8. 19.3. 20.0, 21.7, 23.0, 23.9.24.7, 25.). 25.8
v 29.2 grados. También hacc una lista de los picos dc la [orma Il de los que los mis
significativos cstin en 20 con valores de aproximadamente 2.8. 4.4, 8.9. 9.6. 12,1, 14.1, 4.7,
16.1, 17.0, 17.6. 18.6. 194, 19,6. 203. 20.9. 2141, 22.0. 23.5, 2.0, 24.6. 25.2. 25.7. 269, 27.7.

28.1,28.6.29.1.29.5 y 30.1 grados.

30). WO 2006/054314 alirsna que la forma | sc pucde preparar mediante suspension de los
polimorfos «2 o f cn cloralormo y agua con calentamicnto v destilacion seguida de I]Ilr:nci(\n.J
También establcee que la Torma 11 sc pucde preparar por liofilizacion (sceado por congelacion)
dec una solucion acuosa de los polimorfos a o . La lerma a2 a la que sc hizo refevencia luc el

objcto de una solicitud de patente anterior. presentada por Natco Pharma, WO 2005/077933.

Formas § vg:

2hnEsh
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Las formas cristalinas & v &£ sc dicron a conocer por primera vez cn una sodicitud de patcme
presentada por Novartis AG. publicada inicialmente en 2007 como W 2007/023182. Yo Ilui c!
inventor de las lormas § v & La solicitud explica que la forma 6 produce un especiro XRPPD con
picos cn 20 con valores de 2.2. 13.0. 1114, 16.0. 16.5. 168.19.2. 19.4, 19.8. 20.5. 20.7. 20.9.
21.1, 21.5. 22,7, 23.7. 24.4, 24,7, 25.5, 25.6. 26.5 v 28.1 grados. Twunbién identilica los picos
del espectro XRPD de la forma € cn 20 con valores de 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, 253.6.21.1 v 28.2 grados.

W0 2007/023182 cxplica que la forma § sc puede preparar suspendiendo un precipitado seco de
mesilato de simatinib en acctona v mctanol antes de cvaporar fa solucion biajo nitrogeno. La
forma & sc prepara mediante un proceso simitar. exceplo por que cl precipitado seco de mesilato

de imatinib sc suspendc en acetato de ctilo v etanol.

Formuoas I G, H Ty A

L.os polimorfos F. G. 1. [ v K sc dicron a conocer por primera vez en una solicitud de patcnie
I ) por | I
presentada por Novartis. publicada inicialimentc como WO 2007/059963. Yo lui. nucvamcenic,

el inventor de los polimorfos F. G, H. I v K del mesilato de imitinib.

La solicitud cxplica que los cinco polimorfos ticnen espectros NRPD con picos en 20 con valores

a. Encl caso del polimorfo I°. 8.4, 8.6, 10.4, 13.3. 14.7. 16.2. 16.8. 17.1,19.5. 20.9. 22.2,
23.1.23.6.24.5.25.1. 26.0. 26.9. 28.5.29.1 ¥ 30.5 grados:

b. Linclcaso dct polimorlo G, 10.5. 129, 13.9, 4.1, 15.0. 16.6.17.2. 17.5.18.1. 18.7. 19.2. 19.8.
20.6.24.1.21.3.21.7.22.1.22.8. 23.9.24.3. 25.1 v 28.6 grados:

c. Enclcasodel poliformo . 10.5, 13.8, 15.7.18.1.21.0.22.8.24.5.25.1.26.5. 29.7 v 52.9

grados;

d. Enclcaso del pnlimorfo . 9.6. 12,9, 14.1. 132, 153.6. 17.1. 18.0. 18.7. 19.4, 19.8.20.9.
25.4.23.9. 24.3. 25.2 y 28.4 grados: v

¢. Lincl caso det polimorlfo K. 12 1,129,136, 14.1. 152, 17.2.18.2, 18 4. 19.8. 21 0, 22.4. 25 4,
24.3.252.284,29.2 y 379 grados.

Los Ejcmplos en WO 2007/0599635 exphcan como generar formas I, G. 1. 1y K Los Ejemplhs
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Tabla 2:
Equilibrio o recristalizacion en solvenles (*} .
Condiciones Observaciones Méwdo de caraclerizacion
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Observiciones: T
Resumen;
Las dos formas ¢ristalinas ** HNamadas alti y beta han sido detectadas. La temperatura de transicion ealealatda es dg
alrededor de 140°C. La maditicacion alla, que fue aislada por primera vez es lermadindmicamente metaestable o
temperatura mnbicnte, pero su transtormacion de estado sélida al polimorfu bela es sudicieniemente lenta pars no
detectarse,
Hasta ¢l mamento no se han deteetada hidratos o solvatos.

35 Sciialé en ¢l pirralo 30 que WO 2006/034314 describe la preparaciou de las Tornas
polimérticas |y Il o partir del potimor(o o, involuerando, en ¢l caso de la forma 1, la suspension
¢n cloroformo, calentamicnto y destitacion, y en ¢l caso de la Torma 11, congelacidn de un
solucion acuosa. De nuevo, puede verse que ta conversion del polimorlo o en las formas 1o 1i
tnicamente se Heva acibe biyjo condiciones de reaccidn especiticas; no ocurre de miuner
cspontianed,
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En los parrafos 45 a 47 hice referencia al anilisis de mucestras de productos genéricos hecho en
¢l departamento donde trabajo. I:n cada caso. los cspectros XRPD sc prepararon despuds de que

las muestras fucron somctidas a condiciones para probar la cstabilidad. [as condiciones

‘intermedias’ usadas para probar las mucestras procedenies de Japdn. Nucva Zetanda v Chile |
fucron 25°C a una humedad relativa del 68% durante 6 mesces. L.os resultados -que ninguna -
conversion ocurrio (hasta ¢l LOD)- demuestran la estabilidad del polimorfo a usado cn cstos
productos genéricos, Una muestra de la formulacion en cipsula AFTI" de Nucva Zelanda Tue
también sometida a prucba bajo condiciones ‘uccleradas' . que fueron 10°C v 75% de humedad
retativa durante 6 meses. El espectro XRPD mostro que ta substancia activa ca la ciapsula

permanceid en la forma a del cristal incluso bajo esas condiciones accleradas,

En cste punto. vaic la pena referirse nucvamente al articulo expuesto en ¢l ancxo MM-2. dacdo
que ta estabtlidad de la formulacion en comprimidos de Deva que contiene ¢l polimarla « cs un
cnfoque del articulo. L siguiente cita. tomada de la scecion 3.5 del atticulo. resume los
resuliados det andlisis llevado a cabo por Deva en relacion con la estabitidad de su substancia

activi ¥ la formulacion en comprimida (con énfasis aiadido):

“Muestras de comprimidos gue contienen la formo a de diferentes lotes o
Jubricacion fueron sometidas a diversas condiciones para probar la c.\'lul;ili(fmJ
¥ fueron analizadas de acuerdo al método PXRID para configurar la estabilidad

de la forma w en la formulacion en comprimido. Los resuliados indicaron gue lao

Jiwrma_u_no se_convirtio_en la forma fi_durante el procesa de fubricacion, i

+

t
duranie las _comdiciones para probar la_estabilidad _ruginaria (234 27C. 6({
3% humedad),_intermedia_(30+£2°C, 6343%humedad) y_acelerado (40£27C, 73
3% humedad) para la forma original en comprimido (recubierio de pelicula)
empacado fampolleia LDPE } (Figuras complementarias S7 v 88).
Extudios adicianales se Hevaron a cobo bajo comlicianes aceleradas para probar 1q

estabilidad, sometiendo los comprimidos directamente, sin ningiin tipo de empuague,

ignalimente pelandao su reenbrimicnto de pelicula, Ninguna conversion polimorfice

la forma fi_se observa_en los difractogromas de ravos x de las muestras iomadus o

diferentes partes de los comprimidos (superficic y parte central
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mediduas por separado), lo_que_confirmea que_el polinorfio a_es_estable en nuestra

Jormadacion en comprinédos,

Un estuddio similur se Hevih a caba al someier mia forma a pura AP en su empaque
ariginal (doble bolsa LDPE) v en contenedores abicrios a la mismas condiciones. 1n

ambays cavos, la forma a AP se_enconird_estable y_no_afectada_por_{a_temperotura

externa_ni_la_humedad v _no_se_detectis_conversion _al_polimoyfo fi (Fivwra

complementaria S9)."

. VERIFICACION

36.  Yo. Michact Mutz, por medio de la presente. verifico v declaro que fas declaraciones hechas por

mi arriba mencionadas son verdaderas v correctas a mi leal suber v enmender.

Firmado

Firma ilegible

Fechado

13 de Agosto 2015

Archivos adjumos:  Anexo MM-|

Anexo MM-2 '
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Certificacion de Firma

Lo anterior. ante mi funcionario certilicado v facultado para reconacer la firma dc

Dr. Michacl Mutz. nacido ¢l 041/05/1958. con domicilio cn Novartis Pharma AG. con scde on

CH-4002 Basilea (Suiza), Virchow 6.3.251

-Quicn presento un documento Oficial con folo -

Cenilico, ¢l notario no conoce cn detalle ¢l idioma en ¢l que cstid redactado ¢l anterior

documento. por o tmito na puede cenilicar ¢l contenido del mismo.

Dado en 79098 Iriburgo. el 13 de agosto de 2013
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