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DEPOSITO FARMACEUTICO PARA 5-FLUORO-2-[[(1S)-1-(5-
FLUORO-2-PIRIDIL)ETILJAMINO]-6-[(5-ISOPROPOXI-1H-PIRAZOL-3-
IL)AMINO]PIRIDIN-3-CARBONITRILO

La presente invencion se refiere a un dep6sito farmacéutico
que '~ comprende 5-fluoro-2-[[(1S)-1-(5-fluoro-2-piridil)etilJamino]-6-[(5-
isopropoxi-1H-pirazol-3-il)amino]piridin-3-carbonitrilo 0 su sal
farmacéuticamente aceptable y a los usos del depdsito farmacéutico. '

WO02006/082392 describé derivados de pirazol, incluyendo 5-
fluoro-2-[[(1S)-1 -(5-fluoro-2,—piridi|)etil]amiho]-6-[(5-isopropoxi-1 H-
pirazol-3-il)amino]piridin-3-carbonitrilo y sus sales farmacéuticamente
aceptables y describe que los derivados de pirazol tienen actividad
inhibitoria de la quinasa Trk. |

Los receptores tirosina quinasas (RTK) son una subfamilia de
proteinas quinasas que juegan un papel critico en la sefalizacion
celular y estan implicados en una diversidad de procesos relacionados
con el cancer incluyendb proliferacién, supervivencia, angiogénesié y
metastasis celular. Actuaimente se han identifiéado hasta 100 RTK
diversos incluyendo quinasas relacionadas con tropomiosina (Trk).

Las Trk son los receptores de alta afinidad activados por un
grupo de factores de crecimiento solubles llamados neurotrofinas (NT).
La familia de receptores Trk tiene tres miembros: TrkA, TrkB y TrkC.
Entre las NT se encuentran (i) el factor de crecimiento nervioso (NGF)
que activa la TrkA, (ii) el factor neurotréfico derivado del cerebro
(BDNF) y NT-4/5 que activan la TrkB y (.iii) la NT3 que activa la TrkC.
Cada receptor Trk contiene un dominio extracelular (unién del ligando),

una region transmembrana y .un dominio intracelular (incluyendo el
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dominio quinasa). Tras la union del ligando, la quinasa cataliza la
autofosforilacion y provoca las sendas de transduccién de sefial
corriente abajo.

Las Trk se expresan ampliamente en el tejido neuronal durante
su desarrollo donde las Trk son criticas para el mantenimiento y la
supervivencia de estas células. Sin embargo, aun se desconoce un
papel postembrionario para el eje (o senda) de Trk/neurotrofina.
Existen informes que muestran que las Trk desempefian un papel
importante tanto en el desarrollo como en la funcion del sistema

nervioso (Patapoutian, A. et al Current Opinion in Neurobiology, 2001,

11, 272-280).

En la década pasada, se ha publicédo una cantidad importante
de documentos literarios que unen la sefalizacion de Trk con el cancer.
Por ejemplo, mientras las Trk se expresan en niveles bajos fuera del
sistema nervioso en el adulto, la expresion de Trk en los canceres de
prostata avanzados aumenta. El tejido de prostata normal y los tumores
de prostata dependientes de androgeno expresan niveles bajos de Trk
A y niveles indetectables. de Trk B y C. Sin embargo, todas las
isoformas de los receptores Trk asi como sus ligandos cognados estan

sobrerregulados en el cancer de prostata avanzado andrégeno-

" independiente. Existe prueba adicional de que estas células de cancer

de prostata avanzado se vuelven dependientes del eje de
Trk/neurotrofina para su supervivencia. Por lo tanto, los inhibidores de
Trk pueden proporcionar una clase de agen_tes que inducen la
apoptosis especificos para el cancer de prostata andrégeno-

independiente (Weeraratna, A. T. et al The Prostate, 2000, 45, 140-148).
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Asimismo, literatura muy reciente muestra también que la
sobreexpresion, activacion, amplificacion y/o mutacion de las Trk estan
asociadas con carcinoma secretor de mama (Cancer Cell, 2002, 2,
367-376), cancer colorrectal (Bardelli et al Science, 2003, 300,
949-949) y cancer de ovario (Davidson, B. et al Clinical Cancer
Research, 2003, 9, 2248-2259).

Inesperadamente hemos descubierto que los derivados de
pirazol descritos en W02006/082392 son utiles en el tratamiento de
otraé enfermedades o afecciones médicas en las que se encuentra
implicada la produccién inadecuada-de Trk. Dichas enfermedadesv y
afecciones médicas pueden incluir enfermedades inflamatorias y
alérgicas, tal como inflamacion de las articulaciones (en especial artritis
reumatoide, osteoartritis y gota). La ostéoartritis es una afeccion
particular. |

Aunque la W02006/082392 sugiere que los derivados de
pirazol descritos en la ‘misma pueden estar incluidos en una
composiciéon farmacéutica, por ejemplo en una forma adecuada para
uso oral o tépico, para administracion mediante inhalacién_o insuflacion
0 péra administracion  parenteral, no hay descripcion en
W02006/082392 de un depésito farmacéutico que comprenda un
derivado de pirazol como ée describié en la misma y menos de dicho
deposito farmacéutico que comprenda 5-fluoro-2-[[(1S)-1-(5-fluoro-2-
piridiI)etiI]amino]-6-[(5-isopropoxi—1 H-pirazol-3-il)amino]piridin-3-
carbonitrilo o su sal farmacéuticamente aceptable.

De acuerdo con la presente ihvencién, se proporciona un

deposito farmacéutico que comprende (i) 5-f|uoro-2-[[(1S)—1-(5-fluor0-2-
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piridil)etillamino}-6-[(5-isopropoxi- 1H-pirazol-3-il)amino]piridin-3-
carbonitrilo o su sal farmécéuticamente' aceptable, como un agente
farmacéutico (PA) y (ii) un polirhero que se degrada paré crear un
microclima acido, donde el PA se libera del polimero tras la
degradacioén del polimero.

En el deposito farmacéutico de la presente invenci.én, el agente
farmacéutico (en lo sucesivo el PA) es -5-fluoro-2-[[(1S)-1-(5-fluoro;2-
piridil)etilJamino]-6-[(5-isopropoxi-1H-pirazol-3-if)amino]piridin-3-
carbonitrilo o su sal farmacéuticamente aceptable. De este modo, las
referencias en la presente con respecto al PA inclﬁyen el compuesto 5-
fluoro-2-[[(1S)-1-(5-fluoro-2-piridil JetilJamino]-6-[(5-isopropoxi-1H-
pirazol-3-il)amino]piridin-3-¢arbonitrilo por si mismo, asi como sus sales
farmacéuticamente aceptables.

Como lo apreciara un experto en la téchica, un deposito
farmacéutico es una composicién que libera un PA, especialmente una
cantidad farmacéuticamente efectiva de un }P/-_\ (en la presente 5-fluoro-
2-[[(18)-1-(5-fluoro-2-piridil)etillamino]-6-[(5-isopropoxi-1H-pirazol-3-
illamino]piridin-3-carbonitrilo o su sal farmacéuticamente aceptable)
con el paso del tiempo, de modo de proporcionar la administracion de
liberacion controlada y/o sostenida del PA comprehdido en el mismo.

5-fluoro-2-[[(1S)-1 -(5~f|uo ro-2-piridil)etiljamino]-6-[(5-isopropoxi-

1H-pirazol-3-il)amino]piridih’-S-carbonitrilo -tiené la estructura:
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y se describe en el Ejemplo 119 .de W02006/082392. Un
nombre aIternatiVo es (S)-5-fluoro-2-(1-(5-fluoropiridin-2-il)etilamino)-6-
(5-isopropoxi-1H-pirazol-3-iiamino) nicotinohitrilo.

Las sales farmacéuticamente aceptables de 5-fIQoro-2—[[(1S)—1-
(5-fluoro-2-piridil)etiljamino]-6-[(5-isopropoxi-1H-pirazol-3-
il)amino]piridin-3-carbonitrilo para incluir en el deposito farmacéutico de
la presente invencion se basan en una opinidon meédica rézonable como
adecuadas para la administraciéh a un sujeto, por ejemplo un animal
de sangre caliente como el hombre, sin actividades farmacoldgicas no
deseadas y sin toxicidad indebida. Las sales farmacéuticamente
aceptables adecuadas incluyen sales de adicién de écido,‘por ejemplo,
sales de adicion de acido con écidor orgénico o inorganico, tales como
acido clorhidrico, bromhidrico, sulfurico, fosférico, trifluoroacético,
citrico, maleico, tartarico, ' fumarico, hemifuma’riéo, succinico,
hemisuccinico, mandélico, metanosulfénico, dimetanosulfénico, etan-
1,2—éulfénico, bencenosulfénico, salicilico o 4-toluensulfénico.

El 5-fluoro-2-[[(1S)-1 -(5-fiuoro-2-piridil)etil]am ino]-6-[(5-

isopropoxi-1H-pirazol-3-il)amino]piridin-3-carbonitrilo y sus sales
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farmacéuticamente aceptables pueden sintetizarse a partir de
materiales de partida adecuados utilizando procesos estandar de
quimica organica, por ejemplo como se describié en W0O2006/082392.

El depésito farmacéutico de la presente'invencién permite_' la
administracién del PA. utilizando una formulacion de liberacion
controlada y/o sostenida de modo de mantener uﬁ nivel terapéutico del
PA durante un periodo extendido de tiempo. Esto presenta ventajas ya
que reduce la frecuencia de dosificacion y proporciona un modo
conveniente de administracion _del PA, lo que es, partibularmente
dese_able para la administracion del PA directamente ven la articulacion,
es decir, mediante adminis_tracién intra-articular. Las formulaciones de
liberacion controlada y/o sostenida pueden reducir también la gravedad
y frecuencia de cualquier efecto colateral no deséado asociado con un
PA particular. Las mejoras en la conveniencia de administracion. y
aparicion y gravedad reducidas de los efectos colaterales potencian a
su vez el cumplimiento del pacien.te.

Varios compuestos que representan un PA son inadecuados
para incluirse en los depdésitos farmacéuticos', prihcipalmenté debido a
factores tales como la fnestabilidad de los compuestos en las
formulaciones requeridas para la administracion de liberacion
controlada y/o sostenida y/o intra-articular.

Asimismo, el PA incluido en el depdsito farmacéutico de la
presente invencién puede proporcionarse en una alta concentracion
local sostenida del PA en el sitio de administracion, por éjémplo en una

articulacion, para proporcionar la liberacién controlada y/o sostenida del
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PA. En otras palabras, eI. d_épésito farmacéutico es efectivo para liberar
lentamente el PA de modo de alcanzar un efecto de larga duracion. |

De manera ventajosa, el PA puede incvl.uirse en el depodsito
farmacéutico de la presente invencion sin modificacion quimica que sea
requerida antes de su inclusion en el mismo.

Como IQ apreciara un éxperto en la técnica, un "agente
farmacéutico" (o PA) es un agente que causa un efecto farmacolégico
en un sujeto al que se le administra, por ejemplo .en‘ un animal de
sangre caliente como un hombre, por ejemplo para tratar o-evitar una
enfermedad o afeccion médica. Tal como se describio anteriormente, el
PA en el depdsito farmacéutico de la presente invencién es 5-fluoro-2-
[[(1S)-1-(5-fluoro-2-piridil)etillamino]-6-[(5-isopropoxi-1H-pirazol-3-
ilyamino]piridin-3-carbonitrilo o su sal farmacéuticamente aceptable, el
cual se cree que causa un efecto farmacologico fnediante la inhibicidn
de los efectos de un Trk. |

El PA que se incluye en el deposito fafmaééutico de la presente
invencidn es efectivo para el tratamiento de una enfermedad o afeccion
inflamatoria, por ejemplo uha aféccién causada por la inflamacion de
una articulacion, tal como osteoartritis en la cual pLJede ocurrir la
inflamacion sinovial aguda y crénica. La osteoartritis (también conocida
como enfermedad de artritis degenerativa o de articulaciones
degenerativas) es la forma méas comun de arfritis que presenta varios
enfermos en el mundo. Se dlesean formulaciones mejoradas para la
administracion de los PA en el tratamiento de la osteoartritis.

Como lo apreciara un experto en la técnica, el PA esta

presente en el deposito farmacéutico de la presente invencion en una
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cantidad terapéuticamente eficaz. Una "cantidad terapéuticamente
eficaz" es cualquier cantidad del PA (por ejemplo, como la contenida en
el deposito farmacéutico) que, cuando se administra a un sujeto que
sufre de una enfermedad o afeccion médica contra la cual es efectivo el
PA, causa reduccion, disminucién o regresion de 'Ié enfermedad o
afeccidn médica.

La cantidad terapéuticamente eficaz del PA que se incluye en
el dépésito farmacéutico variara necesariarﬁente dependiendo de la
naturaleza y gravedad del trastorno-a tratar y el pac'ienté particular
tratado, de acuerdo con principios médicos bien conocidos. De manera
adicional, la cantidad terapéuticamente eficaz del PA que se incluye en
el depdsito farmacéuticd variara necesariamente de acuerdo con el
perfil de liberacion controlada y/o sostenida, por ejemplo, dependiendo
del periodo de tiempo durante el cual se requiere la liberacién del PA 'y
la concentracion deseada del PA durante ese tiempo. -

En adicion al PA, el .depésito farmacéutico de la presente
invencion comprende un polimero que se degrada para crear un
microblima acido, por ejemplo un polimero que se degrada en
presencia de agua para crear un microclima &cido. En consecuencia,
se denota un polimero que se degrada o descompone quimicamehte
para proporcionar un pH acido en un area pequefa y localizada (tal
como una articulacion) al cual se le administra el deposito
farmacéutico. |

De preferencia, el pH acido és'esencialrﬁente uniforme en
el area localizada y difiere del area circundante, que puede estar en un

pH fisioldgico (tipicamente alrededor de pH 7.4). Ei pH acido es
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tipicamente un pH de menbs de aproximadamente 7.4, por ejemplo un
pH en el rango de aproximadame.nte 1a aproximadamente 7, tal como
de aproximadamente 3 a aproximadamente 7, convenientemente de
aproximadamente 1 a menos de 7 o de aproximadamente 3 a menos
de 7.

Tipicamente, el. PA esta disperso o encapsulado en el
polimero, de modo que el PA esté continuamente liberado del polimero
mientras el polimero se degrada en el tiempo para crear el microclima
acido. El PA que se incluye en el dep6sito farmacéutico de la presente
invencién es hidroliticamente estable en el microclima &cido que se
crea mediante la degradat;ién del polimero. La liberacion del PA del
polimero proporciona la liberacion controlada y/o sostenida del PA del
depésito farmacéutico en un sujeto, por ejemplo un animal de sangre
caliente como el hombre, al cual se le administra el deposito
farmacéutico. De preferencia, una alta concentracion local (es decir, en
el area al cual se administra el deposito farmacéutico, tal como una
articulacion) para provocar el efecto terapéutico deseado y una
concentracion sistémica baja para mitigar contra cualquier toxicidad
sistémica no deseada del PA se logran s_obré la degradacién del
polimero y liberacion del PA. De este modo, el depodsito farmacéutico
proporciona el PA al sujeto en concentraciones efectivas para el
tratamiento de la enfermedad o afeccién médica particular durante un
periodo de tiempo ini_nterruhﬁpido.

Se puede utilizar cualquier polimero adecuado.en el deposito
farmacéutico de la presente invencion .siémpre‘ que el polimero se

degrade para crear un microclima acido, es decir, tras la administracion

10
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a un sujeto, por ejemplo a un animal de sangre caliente como el
hombre y que sea biodegradable y biocompatible.

Como lo apreciara un experto en la técnica., el término
"biocompatible" significa un material que es cqmpatible con tejido vivo o
un sistema vivo siendo no téxico, dafiino o fisiolégicamente reactivo y
que no causa rechazo inmunolégico.

El término "biodegradable” significa un materiél que se degrada
en un medio ambiente bioldgico.

Por ejemplo, un polimero puede ser "biodegradable” de modo
que todo el polimero se biodegrade y no necesite ser eliminado luego
de su uso, es decir, una vez que se liberd todol el PA. Dichos
polimeros pueden comprendér uniones de éster hidrolizables vy
enzimaticamente escindibles que se descomponen en condiciones
bioldgicas (por ejemplo, en presencia de agua y enzimas bioldgicas
encontradas en tejidos de animales de sangre caliente como humanos)
para producir productos no tdxicos, biocompatibles y/o biodegradablés.
De manera alternativa, un poliméro puede ser "biodegradable” por el
hecho de tener una semivida limitada en un medio ambiente bioldgico.
Por ejemplo, el polimero puede tener una semivida de 1 a 12 meses,
tal como de 1 a 6 meses.

Tipicamente, el poi_imero incluye-aln menos un grupo funcional
écidb o al menos un grupo ‘funcional qOe puede reaccionar para
produ_cir un grupo funcional acido, es decir, dicho grupo funcional acido
es un grupo capaz de donar un proton a un grupo funcional basico, tal
como una amina. Ejemplos de grupos funcion.ales acidos adecuados

incluyen grupos de acidos carboxilicos (es decir,. —CO;H) y grupos de
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~ 4cidos sulfénicos (es decir, —S(0),0H). Ejemplos de grupos funcionales

adecuados que pueden reaccionar para producir un grupo funcional
acido incluyen ésteres (es decir, RC(O)OR, donde R puede representar
alquilo o arilo), dichos ésteres pueden reaccionar con agua para
producir un grupo de acido carboxilico correspondiente y un alcohol.

De preferencia, el polimero se selecciona de modo de degradar
y liberar el PA durante un periodo de aproximadamente 30 a 90 dias.
Por ejemplo, el polimero puede degradar y liberar el PA durante un
periodo de aproximadéme_nte 30, aproximadamente 60 o
aproximadamente 90 dias. Por ejemplo, el polimero puede degradar y
liberar el PA durante un periodo de aproximadamente 120,
aproximadamente 150 o aproximadamente 180 dias.

Los polimeros adebuados incluyen un poliéster de un &cido
hidroxigraso y sus derivados (por ejemplo, éc_ido polilactico, &cido
poliglicdlico, &cido policitrico, acido polimélico,‘ acido poli-B-
hidroxibutirico, polimero de apertura del anillo e-capro-lactona,
copolimero de &cido lactico-acido Aglicc')lico, copolimero de acido 2-
hidroxibutirico-acido glicolico, 'copolimer‘o de 4cido ‘poliléctico-
polietilenglicol o copolimero de &acido pbliglicélico-pblietilenglicol), un

polimero de un a-cianoacrilato de alquilo (por ejemplo, poli(butil 2-

- cianoacrilato)), un oxalato de polialquileno (por ejemplo, oxalato de

politrimetileno u oxalato de politetrametileno), un poli (orto) éster, un
policarbonato (por ejemplo, carbonato de polietileno o carbonato de
polietilenpropileno), un poliorto-carbonato, un acido de poliamino (por

ejemplo, poli-y-L-alanina, acido poIi-y-benciI_-L-qutémiCo o acido poli-y-

12
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metil-L-glutdmico), un éster de acido hialurénico y similares, y se
pueden utilizar uno o mas de estos polimeros.

Si los polimeros son copolimefos’ 'pueden ser copolimeros
aleatorios, en bloque o de injerto. Cuando los &cidos a-
hidroxicarboxilicos, acidos hidroxidicarboxilicos y acidos
hidroxitricarboxilicos anteriores tienen actividad ,ébtica en sus
moléculas, se pueden utilizar cualquiera de los isdmeros D, isomeros L
e isomeros DL. Entre otros, se prefieren el polimero de acido a-
hidroxicarboxilico (de prefere.ncia polimero de acido lactico-acido
glicélico), su éster, ésteres de acido poli-o-cianoacrilico, etc. y se
prefiere aun mas el copolimero de acido lactico-acido glicolico (también
conocido como poli(lactido-co-glicdlido) o .(écido)poli(léctico-co—
glicolico) y en lo sucesivo referido como PLGA). De este modo, en un
aspecto el polimero es PLGA. Tal como se utilizd en la presente, el
término PLGA incluye los polimeros de acido lactico (también conocido
como polilactido, (acido)poli(lactico) o PLA)._

Los polimeros de PLGA adecuados pueden tener una

proporcion molar de acido lactico:acido glicélico en el rango de 100:0 a

- 50:50, convenientemente en el rango de 95:5 a 50:50. Por ejemplo, el

polimero de PLGA puede tener una proporcion molar de acido
lactico:acido glicélico de 95:5 0 dé 50:50.

Los polimeros de PLGA adecuados pueden tener una longitud
de blogueo en el rango de 1 a 5, preferentemente .de 2a4.

Los polimeros de PLGA adecuados pueden tener un peso-peso
molecular promedio de aproximadamente 3,000. a aproximadamente

50,000, preferentemente  de aproximadamente 4,000 a
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aproximadamente 40,000 y mas preferenfemehte de aproximadamente
5,000 a aproximadamente 30,000 Daltones. El grado de dispersion
(peso-peso molecular prOmedio/cantidad;peso molecular promedio, en
lo sucesivo referido como polidispersidad) puede oscilar de
aprox_imadamente 1.2 a éproximadamente 4.0, preferentemente de
aproximadamente 1.3 a aproximadamente 3.5.

Como lo apreciard un experto en la técnica, el peso-peso
molecular  promedio, cantidad-peso  molecular promedio vy
polidispersidad pueden determinarse mediante cualquier procedimiento
o medio adecuado, por ejemplo mediante cromatografia de exclusion
por tamafios (SEC) con sustancias de referencia de poliestireno con
polidispersidad reducida con pesos moleculares pico de 1,000,000,
130,000, 50,000, 20,000, 10,000, 5,000, 2,000 y 580, respectivamente.
La determinacion puede llevarse a cabo utilizando una co|0mna SEC
Mixed Bed D de 5 um (fabricada por Polymer Laboratories Ltd., Reino

Unido) y utilizando 5% de metanol en tetrahidrofurano como la fase

- movil:

El PLGA puede ‘prepararse mediante cualquier procedimiento
convencional o puede estar comerciaimente disponible. Por ejemplo, el
PLGA puede producirse mediante polimerizacion de abertura del anillo
con un catalizador adecuado a partir de lactido cicliéo, glicélido, etc.
(vease Encyclopedic Handbook of Biomaterials and Bioengineering
Part A: Materials, Volumen 2, Marcel Dekker, Inc. (1995), EP-
0058481B2; Effects'}of polymerization variables on PLGA 'properties:
molecular weight, composifion and chain structure y Dorta et al, Int. J.

Pharm., 100, pp 9-14 (1993)).
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Se cree que el PLGA es biodegradable mediante - la
degradacién de toda la composicion del polimero sélido, debido a la
descomposiciéon de uniones de éster hidrolizables y enzima’ticamehte
escindibles en condiciones biologicas (por ejemplo en presencia de
agua y enzimas biologicas encontradas en tejidos de animales de
sangre caliente como humanos) péra formar acido lactico y acido
glicélico. Tanto el acido lactico como el acido glicélico son productos no
toxicos solubles en agua de metabolismo riorm'al, que pueden
biodegradarse adicionalmente para formar dioxido de carbono y agua.

En otras palabras, se cree que el PLGA se degrada mediante
hidrolisis de sus grupos de éster en presencia de agua, por ejemplo en
el cuerpo de un animal d}e sangre caliente como un humano, para
producir acido lactico y acido glicélico y crear el microclima &cido. Los
acidos lactico y glicolico sbn subproductos de varias sendas
metabdlicas en el cuerpo de un animal de sangre Ca|iente como un
humano en condiciones fisioldgicas normales y por Io‘tanto son bien
tolerados y producen toxicidad siéte’mica minima.

El polimero se pr_oporcioha en cualquier forma adecuada en la
que el PA puede dispersafse o encapsu|arsé en el mismo antes de la
degradacién del polimero. Por ejemplo, el deposito farmacéUtico puede
comprender el polimeroy en - la forma de microparticulas o
nanoparticulas o en una forma liquida, con el PA disperso o
encapsulado en el mismo. |

Las microparticulas adecuadas tienen tipicamente un tamano

de particula promedio en el rango de 0.1 a 1000um, preferentemente

de 1 a 750um y mas preferentemente de 10 a 500um.
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Las nanoparticulas adecuadas tienen tipicamente un

tamafio de particula promedio en el rango de 1 a 2000nm,

prefefentemente de 10 a 1000nm y mas preferentemente de 50 a

500nm.

En particular, las microparticulas son de forma sustancialmente
esférica (es decir, son microesferas).

Cuando el polimero tiene la forma de microparﬁculas, las

microparticulas pueden prepararse utilizando cualquier procedimiento

adecuado, tal como mediante un procedimiento de evaporacion del

solvente o extraccién del solvente. Por ejemplo, en el procedimiento de
evaporacion del solvente, el PA y el polirﬁero pueden disolverse en un
solvente organico volatil adecuado (por ejemplo, una cetona como
acetona, un hidrocarburo halogenado como cloroformo o cloruro de
metileno, un hidrocarburo aromatico halogenado, un éter ciclico como
dioxano, un éster como acetato de etilo, un nitrilo como acetonitrilo o un
alcohol como etanol) y pueden 'dispersarse en una fase acuosa que
contenga un estabilizador de emulsion adecuado (por ejemplo, alcohol
polivinilico, PVA). El solvente organico se evapord . luego para
proporcionar microparticulas con el PA encapsulado en el mismo. En el
procedimiento de extraccién del solvente, él PA y el polimero pueden
disolverse en un solvente polar (tal como acetonitrilo, diclorometano,
metanol, acetato de etilo o forfnato de metilo) y luego dispersarse en
una fase acuosa (tal como una solucion de agua/PVA). Se produce una
emulsién para proporciohar microparticulas con el PA encapsulado en
el mismo. El secado por atomizacion es una técnica de fabricacion

alternativa para preparar las microparticulas.
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En un aspecto, él deposito farmacéutico puede comprender el
polimero (tal como, PLGA como se describid anteriormente) en la
forma de microparticulas con el PA encapsulado en el mismo. Por
ejemplo, el deposito farmacéutico puede comprénder un polimero de
PLGA que tenga una proporcion molar lactido:glicdlido de 50:50 en la
forma de microparticulas con el PA encapsulado en el mismo. Dicho
deposito farmacéutico puede ser adecuado para liberacion ‘controlada
y/o sostenida del PA duranfe un periodo de aproximadamente 30 dvias.

Adicionalmente, a modo de ej'emplo, el depdsito farmacéutico puede

, comprender un polimero de PLGA que tenga una proporcion molar

lactido:glicolido de 95:5 en la forma de microparticulas con el PA
encapsulado en el mismo  Dicho deposito farmacéutico puede ser
adecuado para la liberacion controlada y/o sostenida del PA durante un
periodo de aproximadamente 60 a. 90 dias. Dicho depésito
farmacéutico puede ser adecuado para la liberacion controlada y/o
sostenida del PA durante un periodo de hasta 120, hasta 150 o hasta
180 dias. | |

El deposito farmacéutico puede comprender el PA y el polimero

en cualquier cantidad adecuada. Por ejemplo, el deposito farmacéutico

puede comprender de 1 a 30% en peso del PA y de 70 a 99% en peso

del po‘h’mero,.

Por ejemplo, cuando el depdsito farmécéutico de la ‘presente
invencion comprende micropartidulas de PLGA, el PLGA puede estar
presente en una cantidad que oscila de aproximadamente 70% a

aproximadamente 99% en peso de las microparticulas. Esta cantidad

17
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de PLGA puede utilizarse cuando se carga de aproximadamente 1% a
aproximadamente 30% en peso dei PA en las microparticulas.
Asimismo, se calcula esta cantidad - del polimero para las
microparticulas que comprenden el PA y el PLGA pero no otros
excipientes farmacéuticos, por ejemplo utilizados para suspender las
microparticulas antes de la liofilizacion. El PLGA puede utilizarse en
una cantidad de aproximadamente 88%'a aproximadamente 90% en
peso de las microparticulas, cuando se carga de aproximadamente
10% . a aproximadamente 12% en peso del PA en las microparticulas.
La proporcion del polimero depende tipicamente de la fuerza de la
actividad farmacoldgica del PA utilizado y de la velocidad y duracion de
liberacion del PA.

El depésito farmacéutico puede c’omprender édicionalmente un
diluyente o portador farmacéuticamente aceptable, que deberia ser
miscible en agua. Los diluyentés o portadores adecuados incluyen, por
ejemplo, agentes modificadores_de porosidad adecuados (tal como
cloruro de sodio) que se disuelven rapidamente déjando poros Yy/o

plastificadores adecuados paré modificar la velocidad de difusion y/o

~ reducir la porosidad (véase, por ejemplo, Burgess, D. J., Hickey, A. J.,

Drugs and the Pharmaceutical Sciences (149) pp 305-353).

El diluyente o portador puede incluirse en el depodsito
farmacéutico en cualquier cantidad adecuada. Por ejemplo, el
diluyente o portador puede incluirse en una cantidad de 0.a 50% en
peso de la composicidn total. De preferencia, el depésito farmacéutico

no contiene un diluyente o portador adicional.
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El depdsito farma(_:éutico se proporciona tipicamente para la
administracidén local en un sitio de tratamiento deseado, tal como en
una articulacion. |

El depédsito farmaceutico puede formularse para su
administracidon por inyeccion, tal como mediante inyeccion intra-
articular. De este modo, en pa.rticular, el deposito farmacéutico pUede
proporcionarse en una forma inyectable (és dec.ir, como un depodsito
farmacéutico inyectable). © "Inyectable" quiere decir el depdsito
farmacéutico puede extraerse con una jeri_nga e inyectarse en un
sujeto, por ejemplo en un animal de sangre caliente como un hombre,
sin causar efectos adversos debido a la p-resencié de material solido en
el depédsito.  Por ejempld, el deposito farmacéutico puede inyectarse
en una articulaciéon, tal como una articulaciéon inflamada. En otras
palabras, se proporciona un deposito farmacéutico para la inyeccion
intra-articular. Las articulaciones adecuadaé incluyen articulaciones de
rodilla, cadera, hombro, tobiIIo,:codo, mufeca, dedo del pie, dedo de la
mano y facetas articulares. El dep6sito farmacéutico permanece en la
articulacion luego de la inyeccion en la misma y alcanza una
administracion local del PA de una manera controlada y sostenida,
preferentemente durante un periddo de tiempo que oscila entre 30 y 90
dias. Los depodsitos farmacéuticos que aléanzan una administracion
local del PA de una forma controlada y sostenida durante un periodo de
hasta 90 dias son ventajosos porque ésto'minimiza la cantidad de
inyecciones locales requeridas para realizar en una articulacion, lo que
permite que los depésitos cumplan las recomendaciones actuales para

terapia intra-articular que aconseja no exceder de tres a cuatro
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(aproximadamente 2 ml) inyecciones locales pequefias en una
articulacion por afio debido a posibles efectos adversos.

El dep6sito farmacéutico puede formularse para inyeccion en el
espacio intra-articular de una avr’(iculaci(’)n afectada, por ejemplo en-una
porciéon que contiene fluido sinovial de una articulacion ‘afectada, tal
como en un sitio con osteoartritis. Como lo apreciaria un experto en la
técnica, el fluido sinovial esta contenido dentro de un espacio de
articulacion central definido por h‘uesos opuestos de las articulaciones.
Los inventores presentes han descubierto que ‘tras' la inyeccion del
deposito farmacéutico en el fluido sinovial, se libera el PA e ingresa
sustancialmente en el tejido Circundante Unicamente con cantidades
menores que ingresen en la corriente sanguinea, es decir, para
alcanzar una alta concentracién local de PA en el area al cual se
administra el deposito farmacéutico (tal como una articulacion) y una
concentracion sistémica baja. De manera adicional, el deposito
farmacéutico proporciona una "explosion" aceptable (e_s decir,
liberacion de PA) el primer dia luego de la administracion, que es
ventajoso para su uso y es inespérada en vista de la descripcion de. la
técnica previa, tal como en US-6,217,911, que describe que se prefiere
poca liberacidon o que no haya explosion. El perfil de liberacion
eficiente proporcionado pdr el deposito farmacéutico de la presente
invencion no se habria predecido antes a partir de la técnica previa y
asiste a la efectividad del deposito farmaceutico.

Preferentemente, el deposito farmacéutico propdrciona una alta

concentracion local sostenida del PA en una articulacion articular tras la
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administracion mediante inyeccion en la misma, tal como mas de 100
nanomolar. |

Los depositos farmacéuticos inyectables pueden comprender
una suspension o dispersion de la combinacion del PA y polimero en
un diluyente o portador farmacéuticamente aceptable, que deberia ser
miscible en agua. Los diluyentes o portadores adecuados incluyen
diluyentes o portadores acuosos tal como una solucién acuosa
isoténica de un  potenciador ~de viscosidad ‘(tal como
carboximetilcelulosa de sodio), un tensoactivo (tal como polisorbato 80)
y/o un ajustador de tonicidad (tal como cloruro de sodio). Los depositos
farmacéuticos inyectableé. pueden comprender agentes activos
adicionales, tal como una anest'_'esia local. |

El depédsito farmacéutico de la presehte invencion puede
formularse para uso medicinal humano o veterinario. Por ejemplo,
puede proporcionarse un deposito farmacéutico formulado para la
inyeccion intra-articular para uso medicinal hu.mano o veterinario.

La presente invencién proporciona .adicio'nalmente un depdsito
farmacéutico como se defini6 en la presente para su uso en la
inhibicion de los efectos de-un Trk en un sujeto. |

De acuerdo con otro aspecto de la presente invencion, se
proporciona el uso de un deposito farmacéufico como se definio en la
presente para inhibir los efectos de un Trk en un sujeto.

De acuerdo con otro aspecto de la presente invencion, se
propdrciona el uso de un deposito farmacéutico como se definié en la
presente para la fabricacion de un medicamento para su uso en la

inhibicidn de los efectos de un Trk en un sujeto.
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De acuerdo con otro aspecto de la presente invencion, se
proporciona un procedimiento para inhibir los efectos de un Trk en un
sujeto que lo necesita, dicho procedimiento comprende administrar a
dicho sujeto un depésito farmaceéutico como se defini6é.en la presente.

La presente invehcién proporciona adicionalmente un depdsito
farmacéutico como se definid en la presente’-para su uso en la
prevencion o tratamiento -de una enfermedad inflamatoria, tal como
ost_eoartritis, en un sujeto.

De acuerdo con dtro aspecto de la presente invencion, se
proporciona el uso de un depoésito farmacéutico Como se definié en la
presente para la prevencién o el tratamiento de una enfermedad
inflamatoria, tal como osteoartritis, en un sujeto.

De acuerdo con otro aspecto de la presente invencion, se
proporciona el uso de un depo6sito farmaceutico como se definio en la
presente en la fabricacion de un medicamentd para su'uso en la
prevencion o el tratamiento de una enfermedad inflamatoria, tal como
osteoartritis, en un sujeto.

De acuerdo con otro'aépecto de la 'préser_'\te invencién, se
proporciona un procédimiehto para la prevencion o el tratamiento de
una enfermedad inflamatoria, tal como osteoartritis, en un sujeto que lo
necesita, dicho procedimiento comprende administrar a dicho sujeto un
deposito farmacéutico como se definio en la presente.

El "éujeto" al cual se le administrara el deposito farmaceutico
de la invencién es un animal, especialmente un animal de sangre
caliente, tal como un animal domeéstico o un hombre, particularmente

un hombre.
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La invencidn se ilustrara a continuacion mediante los siguientes

ejemplos no limitativos.

Ejemplo 1

Se prepard un depésjto farmacéutico que comprendia
microparticulas de PLGA que encapsulan 5-fluoro-2-[[(1S)-1-(5-fluoro-
2-piridi|)etiI]amino]—6-.[(5-isopropoxi-1 H-pirazol-3-il)amino]piridin-3-
carbonitrilo como el PA. |

(i) Preparacion de microparticulas

Se disolvieron 120 mg de 5-fluoro-2-[[(1S)-1-(5-fluoro-2-
piridil)etiI]amino]—6-[(5-isopr6poxi--1 H-pirazol-3-iI)amino]piridin-3-
carbonitrilo y 680 mg de PLGA (proporcién molar lactido:glicélido de
50:50 y un peso molecular de 19.5 KD) en diclorometano (4'm|). Luego
se dispersd esta solucion en uha fase acuosa de 0.5% de PVA p/v en
alto cizallamiento para formar una emulsién. El alto cizallamiento se
cred utilizando una mezcla estatica con una alta veIQcidad de flujo de
fase acuosa, por €j., 1000mls/min. La enﬁulsién resultante se agregd a
agua (1250 ml) a 30°C y se agitd a 500rpm (qti|izando un-agitador
Heidolph RZR1) durante 1 hora. La suspensién resultante se enfrio en
un bafo de hielo y se permiti6 la sedimentacion de las microparticulas
durante 45 minutos. Se elimin6 aproximadamente el 90% (en volumen)
del sobrenadante, teniendo cuidado de no interrumpir las
microparticulas sedimentadas. Se agregd agua (1 L) y se repitio el
proceso. Se elimind aproximadamente. el 95% (en volumen) del

sobrenadante y se transfirieron las microparticulas al tubo de prueba de

vidrio. El ciclo de lavado/sedimentacion se repitié unas 2 veces
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adicionales y las microparticulas se transfirieron a un recipiente
liofilizado con un volumen minimo de agua. El recipiente se congelo
instantaneamente y se liofilizaron las microparticulas durante 48 horas.

(i) Protocolo de liberacion in vitro

Se suspendieron O..9 mg de microparticulas que contenian 5-
fluoro-2-[[(1S)-1 -(5-fluoro-2;piridil)etil]amino]-6-[(5-isopropoxi-1 H-
piraz’dl-S-il)amino]piridin-3-carbonitrilo en 50:50 de PLGA en PBS que
contenia 0.1% p.v de Tween 80 (20 ml). La suspension resultante se
mantuvo estatica a 37°C y se ‘tomaron las muestras en 24 horas
mediante eliminacién del medio' (1 ml) seguida de la adicién en el
medio (1 ml) para asegurar que permanéci‘é constante el volumen del
medio dentro del experimento. Se tomaron muestras en. intervalos
regulares (véase Figura 1) hasta que elldepésito nd liberaba mas 5-
fluoro-2-[{(1S)-1-(5-fluoro-2-piridil)etilJamino]-6-[(5-isopropoxi-1H-
pirazol-3-il)amino]piridin-3-carbonitrilo y se analizaron mediante HPLC.

Los resultados se muestran en la Tabla 1 a continuacion.

Tabla 1

Proporciéon Carga de | Eficacia de | Explosi |Liberacion
molar de PA (% en | encapsulaci | 6n in |in vitro (%)
polimero peso) on (%) | vitro

lactido:glicolido/ (%)

MW (KD)

50:50/ 13.27 88.23 9.27 Dia 16 -98.8
19.5 |
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Las microparticulas con 50:50 de PLGA proporcionaron buenas
eficacias de encapsulacién; prbduciendo cargas de 5-fluoro-2-[[(1S)-1-
(5-fluoro-2-piridil)etilJamino]-6-[(5-isopropoxi-1 H-pirazol-3-
il)amino]piridin-3-carbonitrilo de aproximadamente 13%. Los datos de
perfil de liberacion in vitro se muestran en la Figura 1. Los estudios de
liberacion in vitro mue_stra‘n que 5-fluoro-2-[[(1S)-1-(5-fluoro-2-
piridil)etilJamino]-6-[(5-isopropoxi- 1H-pirazol-3-il)amino]piridin-3-
carbonitrilo en 50:50 de microparticulas de PLGA .tuvo una buena

explosion el dia uno y se liber6 durante 16 dias in vitro.

Ejemplo 2

Eficacia in vivo en modelo MIA

Se evalug el efecto de inyeccion intra-articular (IA) del inhibidor

AZD6918 de Trk formulado con 50/50 de microesferas de PLGA en la

~ artritis inducida por iodoacetato monosédico. Se inyectaron IA 50/50 de

PLGA del compuesto 3 dias luego de la inyeccion MIA (cuando la
enfermedad se caracteriza por sinovitis activa) y se registré la carga de
peso durante un periodo de 15 dias.

La Figura 2 muestra un curso de tiempo de la asimetria de
carga de peso luego de la administracion del inhibidor de TRK 5-fluoro-
2-[[(1S)-1-(5-fluoro-2-piridli)etilfamino]-6-[(5-isopropoxi-1H-pirazol-3-
ilfamino]piridin-3-carbonitrilo/50 50 de PLGA 3 d;’as luego de la

inyeccion MIA *p<0.05, **p<0.01, ***p<0.001.

ANOVA seguido de prueba Newman-Keuls post hoc con MIA
indujo un déficit en la carga de peso,'dahdo como resultado

aproximadamente un 50% de reduccion en la distribucién del peso en
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la pata inyectada. S.e obsérvc')-' que este déficit se revirti6 de manera
importante en comparacion con las microesferas de placebo con 200ug
IA dé 5-fluoro-2-[[(1S)-1-(5-fluoro-2-piridil)etillamino]-6-[(5-isopropoxi-
1H-pirazol-3-il)amino]piridin-3-carbonitri|o/PLGA de 2 a 8 dias luego de
la inyeccion del compuesto. El  5-fluoro-2-[[(1S)-1-(5-fluoro-2-
piridil)etilJamino]-6-[(5-isopropoxi-1H-pirazol-3-ilJamino]piridin-3-

carbonitrilo (dosis de 200 pg) formulado con 50 50 de PLGA mostro
buena eficacia cuando se revirtié la carga de peso espontaneo que
lleva 3 dias luego de MIA. La eficacia dur6 8 dias luego de la inyeccion

|A del compuesto (11 dias luego de MIA).

Procesos experimentales

Inyeccion intra-articular de  5-fluoro-2-[[(1S)-1-(5-fluoro-2-
piridi|)etiI]amino]-6-[(5-isopropoxi-1H-pirazol-3¥il)amino]piridin-3-

carbonitrilo.

Se anestesiaron . animales con isofluorano y 30yl v.de
microesferas de PLGA que contenian 200ug inyectados en cada rodilla
utilizando una jeringa Harﬁilton y una aguja 25G. El recipiente de
microesferas se sometio a agitacion vorticial antes de la inyeccion de
cada animal péra tratar de obtener una solucién de inyeccion
homogénea. Se recuperaron los animales y se devolvieron a sus jaulas

hasta la muestra de plasma.

Muestra de plasma de vena caudal

Se calentaron los animales en una caja caliente durante 10

minutos a 42°C antes de colocarlos en una jaula y se tomaron muestras
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- de 200yl de sangre a partir de la vena Caudal lateral en un tubo con

heparina de litio en Sarsted Multivette 600 (cat no 15.1673) unido a una
aguja 21G. Los tubos se Colocardn en un rodillo hasta que se alcanzd
la centrifugacién a 13000rpm durante 5 minutos para la sedimentacion
de los glébulos rojos. Se decantd el plasma y se almacend a -20°C
hasta el analisis por DMPK. Se tomaron las muestras 1h, 3h, 6h, 24h,

48h, 96h y 168h luego de la inyeccion.

L.a Figura 3 muestra los nivelés de 5-fluoro-2-[[(1S)-1-(5-fluoro-
2-piridli)etilJamino]-6-[(5-isopropoxi-1H-pirazol-3-ilyamino]piridin-3-
carbonitrilo en una formulacién IA 50/50 de PLGA en ratas en plasma.

Los niveles mostrados son para una dosis de 200ug de compuesto.

Conclusiones

Se observd una liberacion de 5-fluoro-2-[[(1S)-1-(5-fluoro-2-
piridli)etilJamino}-6-[(5-isopropoxi-1 H-pirazo|§3-il)amino]piridin-3-

carbonitrilo durante 168 horas.

Los niveles plasmaticos concordaron bien con las predicciones

tedricas basadas en perfiles de liberacion in vitro.
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REIVINDICACIONES

1. Un depésito farmacéutico que comprende (i) 5-fluoro-2-
[[(1S)-1 -(5-f|uoro-2-piridil)eti|]anﬂino]-6-[(5-isopropoxi-1 H-pirazol-3-
il)amino]piridin-3-carbonitrilo o su sal farmaceuticamente .aceptable,
como un agente farmacéutico (PA) y (i) un polimero que se degrada
para crear un microclima acido, donde el PA se libera del polimero tras

la degradacion del polimero.

2. El depésito farmacéutico de acuerdo con la reivindicacion
1, donde el polimero se selecciona de un poliester de un acido
hidroxigraso y sus derivados, un polimero de un o-cianoacrilato de
alquilo, un oxalato de polialquileno, un poli (orto) éster, un
policarbonato, un poliorto-carbbnato,vun.'écido de poliamino, éster de

acido hialurénico y sus mezclas.

3. El deposito farmacéutico de acuerdo con la reivindicacion

2. donde el polimero es un copolimero de acido lactico-acido glicolico.

4. E! depésito farmacéutico de acuerdo con la reivindicacion
3, donde el copolimero de acido lactico-4cido glicolico tiene una
proporcion molar de acido lactico:acido glicélico en el rango de 100:0 a

50:50.
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5. El depésito farmacéutico de acuerdo con la reivindicacion
4, donde el copolimero de acido lactico-acido glicdlico tiene una

proporcion molar de acido lactico:acido glicédlico de 95:5.

6. EI depodsito farmacéutico de acuerdo con la reivindicacion

4, donde el copolimero de acido lactico-acido glicdlico tiene una

proporcion molar de acido lactico:acido glicolico de 50:50.

7. El deposito farmacéutico de acuerdo con cualquiera de las
reivindicaciones 1 a 6, donde el depésito farmacéutico se formula para
una liberacion controlada y/o sostenida del PA durante un periodo de

tiempo de aproximadamente 10 a 90 dias.

8. El deposito farmacéutico de acuerdo con la reivindicacion
7, donde el deposito farmacéutico se formula para una liberacion
controlada y/o sostenida del PA durante un periodo de tiempo de

aproxkimadamente 14 dias.

9. El depdsito farmacéutico de acuerdo con la reivindicacion
7, donde el depodsito farmacéutico se formula. para una liberacion
controlada y/o sostenida del PA durante un periodo de tiempo de

aproximadamente 60 dias.

10. El deposito farmacéutico de acuerdo.con la reivindicacion

7, donde el deposito farmacéutico se formula para una liberacion
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controlada y/o sostenida del PA durante un periodo de tiempo de

aproximadamente 90 dias. -

11. El depdsito farmaééutico de acuerdo con cualquiera de las
reivindicaciones 1 a 10, que se formula vpara una administracion
mediante inyeccion.

12. El depdsito farmacéutico de acuerdo con la reivindicacion
11, que se formula para una administracion mediante inyeccion intra-
articular.

13. El deposito farmacéutico de acuerdo con cualquiera de las

reivindicaciones 1 a 12, que se formula para uso medicinal humano.

14. El depésito farmacéutico de acuerdo con cualquiera de las

reivindicaciones 1 a 12, que se formula para uso veterinario.

15. El depésito farmacéutico de acuerdo con cualquiera de las
reivindicaciones 1 a 14, para la prevencion o el tratamiento de

osteoartritis.

16. El uso de un deposito farmacéutico de acuerdo con
cualquiera de las reivindicaciones 1 a 14, para la prevencion o el

tratamiento de osteoartritis.

17. Un deposito farmacéutico como se describe generalmente

en la presente.
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DEPOSITO FARMACEUTICO PARA 5-FLUORO-2-[[(1S)-1-(5-FLUORO-2-
PIRIDIL)ETIL]JAMINO]-6-[(5-ISOPROPOXI-1H-PIRAZOL-3-

IL)AMINO]PIRIDIN-3-CARBONITRILO

RESUMEN-OBJETO Y FINALIDAD DE LA INVENCION

Un deposito farmacéutico que comprende (i) ‘5-fluoro-2-[[(1S)-1-(5-
fluoro-2-piridil)etilJamino]-6-[(5-isopropoxi-1 H-pi'razol-3-il)amino]piridin-3-
carbonitrilo o su sal farmacéuticamente aceptable, como un agente
farmacéutico (PA) y (i) un polimero que se ‘deg'rada para crear un microclima

acido, donde el PA se libera del polimero tras la degradacién del polimero.

SECTOR: Industria farmacéutica; preparaciones médicas que contienen
aglomerados de ingredientes organicos activos utiles en el tratamiento de

desdrdenes del sistema 6seo.
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Osteoarthritis and rheumatoid arthritis are rheumatic discases for which a curative treatment does not
currently exist. Their management is directed towards pain relief achieved with different classes of drugs
among which non-steroidal and steroidal anti-inflammatory substances are the most frequently used
agents. Nevertheless. the oral or systemic administration of such drugs is hindered by numerous side
cffects, which could be overcome by their intra-articular (i-a.) administration as dosage forms capable
of gradually releasing the active substance. The present review article summarises the research done
in the field of drug delivery systems for i-a. injection vs. current management of osteoarthritis or rheu-
matoid arthritis. Aspects such as the influence of size, shape. polymer matsix or targeted drug on the i-a.
retention time, phagocytosis and biological activity will be discussed. Finally, we will comment on the
need for adapted delivery systems for the novel and very potent anti-inflammatory drugs, such as inhib-
itors of the p38 mitogen-activaled protein kinase or the IL-1p conversion enzyme, which to date cannot
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be properly used due to the severe side effects associated with their systemic administration.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Despite extended pharmaceutical and clinical rescarch, there
are still unmet needs in the treatment of rheumatic diseases such
as osteoarthritis (OA) and rheumatoid arthritis (RA). For both con-
ditions, no prevention methods are known, and optimal manage-
ment is based on early diagnosis. Treatment of irreversible joint
damage is achieved through oral, parenteral or intra-articular
drugs. Despite some practical drawbacks, the direct delivery of a
drug to an affected joint offers the possibility of reaching high drug
concentrations at the site of action with limited systemic toxicity.
The i-a. administration represents a valuable means to deliver to
the joint drugs with low bioavailability, such as recombinant pro-
teins, therapeutic genes or substances such as TNFa, matrix
metalloproteinases or p38 mitogen-activated protein kinase inhib-
itors {1-6]. Nevertheless, depending on their chemical structure,
some active compounds are rapidly cleared from the joint, thus
requiring numerous injections, which could cause infection or joint
disability | 7]. An innovative way to maintain a therapeutic concen-
tration over longer time periods is the administration of depot for-

* Corresponding author. School of Pharmaceutical Sciences, University of Geneva,
30 Quai Ernest Ansermict, Sciences 11, 1211 Geneva 4. Switzerland. Tel.: +41
223796586: fax: +41 223796567,

E-mail address: Otiver jordan@unige.ch (0. Jordan).

0939-6411/S - see front matter & 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.cjph.2009.06.009
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mulations, which generally contain corticosteroids. Despite their

clinically proven efficacy [8-11}, these depot formulations suffer
from a significant drawback, which limits their use. Actually, due
to their crystalline nature, these drugs can generate inflammatory
conditions upon i-a. injection, leading to crystal-induced arthritis,
observed in 10% of the patients, but which disappears within a
few days |12-14}.

This reinforces the need to develop drug delivery systems for i-
a. use that would function as depot gradually releasing the active
substance and providing local sustained drug action. The potential
of such drug delivery systems is high, because the release rate as
well as the reservoir capacity can be tailored by specific technolog-
ical parameters such as the polymer type and molecular weight or
the formulation method. This review outlines current knowledge
on the advantages and limitations of i-a. drug delivery systems,
focusing on the factors that influence their biological performance.
with particular emphasis on size, shape and chemical nature of the
matrix. The authors have decided not to address issues related to
the pharmacokinetics of drug solutions or suspensions in the syno-
vial space, nor of their transport into cartilage, as these aspects
have recently been presented in detail by Larsen et al. [15]. Other
administration' routes, involving joint-targeting strategies. have
been reviewed elsewhere [16]. Moreover, aspects related to gene
delivery | 17] and cell-based therapies [ 18] are not presented in this
article,
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2. Normal vs. arthritic joint

Synovial joints (Fig. 1a) are highly specialised anatomical struc-
tures that are composed of two articulating bones stabilised by the
surrounding muscles and ligaments [19]. Each joint has a unique

configuration offering an appropriate contact area, which, com-

bined with a suitable muscle action, allows for high-efficiency per-
formance. To maintain its structural integrity, the joint is
surrounded by a fibrous capsule, which is a firm structure consist-
ing of dense connective tissue. Within the capsule, there are thick
bands of paratle! collagen fibres known as ligaments, and numer-

ous nerve endings, which, along with those in the muscles, liga- -

ments and tendons, are responsible for knee proprioceptive sense

and deep pain perception [20). The two bene connective surfaces

are covered with cartilage, which is a resilient tissue that is com-
posed of collagen and proteoglycan matrix, It provides the joint
with almost frictionless mobility. Surprisingly, the cartilage surface
is not smooth (Fig. 2) but shows irregular depressions and undula-
tions, as demonstrated by a high number of scanning electron
microscopy studies [21-23}, optical microscopy |24} or atomic
force microscopy {25.26]. In adults, cartilage is hypocellular, aneu-

ral, avascular and alymphatic. It receives nutrients by a two-step .

diffusion system |23}, from the blood vessels into the synovial fluid
and then from the synovium to the cartilage, in order to reach the
cartilage celis, which are known as chondrocytes. Lining the inner

joint space, the synovial membrane consists of two to three cell

layers. It is responsible for providing nutrients to the cartilage
and for secreting the synovial fluid. The composition of the syno-
vial fluid is similar to that of plasrna, but with reduced protein con-
centration and additional hyaluronic acid secreted by the synovial

fibroblasts at concentrations between 2 and 4 mg/ml {27]. It pro- v

vides the high viscosity characteristic to the synovial fluid and pro-
vides rheofluidifying properties, meaning that the more rapidly it
flows, the more fluid it becomes | 28]. Some joints have within their
cavities a rudimentary fibrocartilaginous discoid structure called a
meniscus. In other joints such as the knee or the temporomandib-
ular joint, the meniscus is highly developed and well defined. The
meniscus contributes to joint stability and shock absorption,

In people with OA, there is a progressive degeneration of the

cartilage. first observed as fissures on the articular surface, which
later infiltrate the damaged cartilage and eventually the subchon-
dral bone (Fig. 1b). The early phase of proteoglycan loss is followed
by a phase of increased matrix turnover, with net depletion of car-
tilage proteoglycans and collagens, finally leading to severe dam-
age of the collagen network [29]. Cartilage breakdown is driven

~ +18 un
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Fig. 2. Bovine knee cartilage surface topography visualized by atomic force
microscopy. Modified from Shekhawat et al. |26].

by the production of numerous cytokines, growth factors and pro-
teases. The matrix metalloproteinases (MMPs) play a major role in
the cleavage of cartilage macromolecules, the by-products of
which stimulate degradation through a positive feedback loop,
implying cellular production of various cytokines such as IL-1, Cel-
lular responses also lead to the production of growth factors, i.c..
insulin-like growth factor-1 (JGF-1) and transforming growth fac-
tor B (TGFP). Bone remodelling and bone formation are observed
in the form of osteophytes. bone protuberances into the joint space
at the margins of the articular cartilage, and also in the form of
subchondral bone, directly beneath the weight-bearing surface.
Unlike RA, OA is a relatively non-inflammatory condition, although
limited synovitis can be observed.

In RA, the synovial space undergoes a sustained inflammatory
response (Fig. 1c¢), which is characterised by the presence of
numerous inflammatory cell types including T cells, dendritic cells,
macrophages, fibroblasts, mast cells, neutrophils and B cells. The
activated T cells proliferate and stimulate the production of inter-
feron-y and other pro-inflammatory cytokines, which further stim-
ulate macrophages, fibroblasts, chondrocytes and osteoclasts.
Activated macrophages and fibroblasts secrete the tumour necrosis
factor-o (TNF-a), as well as iL-1, IL-6, IL-15 and IL-18, In turn, these
inflammatory mediators and various growth factors activate neu-
trophils and B cells. Finally, endothelial transformation enables en-
hanced cell recruitment to the joint. The synovial lining becomes
hypertrophic and may thicken up to 10-12 cells in depth, with
an increased proliferation of the fibroblast- and macrophage-like
synoviocytes, as well as angiogenesis, and it finally develops into
locally invasive pannus tissue. B cells and dendritic cells form
aggregates with T cells and tissue macrophages |30,31}]. The pres-
ence of all of these cell types creates an important change in the
joint physiology, with increased synovial volume, pressure and
temperature, In addition, acidosis, hypoxia, and the joint action
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Fig. 1. (2) Normal joint: (b) OA joint with typical changes such as significant joint space narrowing, cartilage destruction and osteophyte formation: (c) RA joint presenting

the pannus with numerous types of cells. Modified from Strand et al. 119).
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of proteases and growth factors contribute to synovial inflamma-
tion, cartilage destruction and bone erosion |32-35].

3. Management of rheumatic diseases
3.1. Current management of osteoarthritis

OA usually has a slow and insidious onset, and it clinically man-
ifests in the form of gradual pain development, joint stiffness and
limitation in joint movements. Risk factors for OA progression in-
clude biomechanical factors such as joint injuries or deformities,
obesity. occupational and non-occupational physical activity, but
also systemic factors such as age, genetic factors, oestrogen defi-
ciency, low bone mineral density, female sex, Caucasian ethnic ori-
gin and presence of crystals in joint fluid [36.37]. OA has a variable
prevalence in developing countries, ranging from 3 to 20%, and it'is
the most commeon arthritic disease in developed countries. In the
US, the prevalence, which was 15% in 1998, could reach 18.2% by
the year 2020 [38]. Management of OA focuses on pain reduction
and function restoration, which are achieved by a combination of
prevention and non-pharmacological and pharmacological mea-
sures, as schematically presented in Fig. 3. Prevention measures
consist mainly of weight reduction concomitant with strengthen-
ing of the periarticular muscles to provide improved joint support,
as well as life-style changes, thermal cures or acupuncture. Medi-
cal management is usually conducted according to the guidelines
developed by the American College of Rheumatology [39.40]. the
European League Against Rheumatism |41] or the Osteoarthritis
Research International [42]. These guidelines indicate use of anal-
gesics, NSAIDs, intra-articular agents and nutritional supplements,
as is extensively discussed in previous review articles {36,43-48].
Unfortunately, a curative treatment has not been identified. Para-
cetamol is the first-line pharmacological agent recommended by
all of the above-mentioned bodies and its effectiveness in the relief
of pain associated with OA has recently been demonstrated by a
meta-analysis of 10 randomised controlled trials [49]. NSAIDs are
effective agents in the treatment of OA, but their use is generally
accompanied by undesired gastrointestinal and renal effects. Selec-
tive cyclooxygenase-2 ‘inhibitors, which are more effective than
paracetamol, have the advantage of reduced gastrointestinal toxic-
ity [50]. The Osteoarthritis Research International recommends
topical agents and capsaicin as effective adjunctives or alternatives
to oral analgesic/anti-inflammatory agents. For patients with
moderate to severe pain and inflammation who do not respond
satisfactorily to oral analgesic/anti-inflammatory agents, intra-
articular corticosteroid injections should be considered [42]. The

beneficial effect of corticosteroids on cartilage can be attributed
to several mechanisms; for example. suppression of the synthesis
of metalloproteases or pro-inflammatory synovial factors such as
IL-1 |46]. To reduce the risk of complications, corticosteroid i-a.
injections should not be repeated within 3 to 6 months [41,42).
In an 84-patient clinical study reported by Gaffney et al. {10}, a sin-

. gle i-a, injection of triamcinolone acetonide suspension resulted in

short-term pain relief, the increased benefit being associated with
synovial fluid aspiration. A few years later, the study conducted by
Raynauld et al. | 8] demonstrated long-term safety and efficacy of i-
a. suspensions of triamcinolone. Generally, the corticosteroid is
combined with lidocaine or bupivacaine and injected after joint
aspiration, Potential side -effects include post-injection flare or

" pain, crystal syndvitis, haemarthrosis, joint sepsis and steroid car-

tilage atrophy, as well as systemic corticosteroid effects such as
fluid retention or aggravation of hypertension. Viscosupplementa-
tion is another therapeutic approach in OA, aiming at replacing
hyaluronic acid, whose level is reduced in the damaged knee. in or-
der to restore the elasticity and viscosity of the synovial fluid to
normal. One clinical study evaluating the efficacy of viscosupple-
mentation compared to corticosteroid injections in a group of
100 patients demonstrated that both treatments were moderately

effective [51]. Despite their delayed onset, the hyaiuronic acid -

injections are characterised by prolonged duration and symptom-
atic benefit when compared to corticosteroid suspensions [42].
For patients who did not satisfactorily respond to any of the
above-mentioned treatment methods, the guidelines suggest
radioactivé synovectomy. This method permits removal of the in-
flamed synovial lining, which leads to pain relief. Despite success-
ful results, the fear of radioactivity leakage from the joint and the
uncertain long-term biological hazards of radiation limited this
form of therapy. Additional medications consisting of nutraceuti-
cals, such as glucosamine and chondroitin, can be administered

‘to OA . patients to provide a symptomatic benefit [43.52,53],

Although progresses in OA therapy are numerous, there are cur-
rently no approved disease-modifying OA drugs (DMOADs) that
stop and reverse cartilage destruction or restore the functional
integrity of the joint, Given the complexity of this disease, it is nec-
essary to first identify the major biochemical pathways that can be
targeted by means of pharmacological or biological approaches in
order to develop disease-modifying treatments.

3.2, Current management of rheumatoid arthritis

Similar to OA, RA does not benefit of the existence of a curative
treatment. To date, the main objective of the RA treatments has
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Fig. 3. Current management of OA. Modified from Lozada ct al. [47].
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Fig. 4. Current management of RA.

been to reduce joint inflammation and pain, to maximise joint

function, to prevent destruction and deformity and to rteduce

long-term patient disability. Early medical intervention has been
shown to significantly improve the outcomes of the disease. Opti-
mal treatment customised according to the gravity of the disease,
type of joint involved, age. general health of the person, consists
in a combination of medication, rest, joint-strengthening physio-
therapy and patient education. The medical protoco! [54] includes
analgesics, NSAIDs, corticosteroids, conventional disease-modify-
ing anti-rheumatic drugs (DMARDs) and biological agents such as
TNF-o blockers or IL-1 receptor antagonist (IL-1Ra), as depicted

in Fig. 4. Due to the progression of the disease, first-line medica- ‘

tion, such as analgesics and NSAIDs, becomes rapidly ineffective,
and i-a. administration of steroid depot formulations, which are
able to relief pain and inflammation over a period of a few months,
is required. Another stage in RA management is the introduction of
DMARDs, the most current being salazopyrine and chloroquine,
but gold compounds. penicillamine and hydoxychloroquine are
also used. A number of immunosuppressive drugs are also em-
ployed to treat RA, for example, methotrexate, azathioprine, cyclo-
phosphamide and cyclosporin, Due to their potential deleterious
side effects, they are reserved for patients with very aggressive dis-

ease or with serious complications. Methotrexate is an exception, -

as its use is not associated with very notable side effects. For this
reason, it has become the preferred second-line medication used
alone or in combination therapy. Newer second-line drugs include
leflunomide [55], which selectively inhibits de novo pyrimidine
synthesis and thus, reduces the proliferation of activated CD4 T
cells, which play a key role in RA pathogenesis. The immunosup-
pressive agent tacrolimus interferes with T cell proliferation via
calcineurin inhibition, Furthermore, tacrolimus is currently in clin-

ical trials | 56-58|. Efforts to develop safer and more effective treat-

ments for RA are based on an improved understanding of the role
of inflammatory mediators such as TNF-q and IL-1 [59}. Treat-
ments with etanercept - a soluble TNF-o type 1l receptor-lgG1 fu-
sion protein - and with infliximab or adalimumab ~ monoclonal
antibodies against TNF-o - have been approved by the Food and
Drug Administration and the European Medicine Evaluation
Agency for treatment of RA. Anakinra. a human IL-1 receptor
antagonist, is another biological drug used to treat moderate to se-
vere RA! itis generally used in combination with methotrexate. To-

26652681A___|_>

gether with targeting TNF-ox or IL-1, B cell targeting represents a
novel approach. In this fespect, rituximab, a chimeric anti-CD20
monoclonal antibody targeting B cells; has demonstrated efficacy
in numerous clinical studies of arthritic patients [60]. Considering
all of these aspects, i-a. administration of drug delivery systems
that encapsulate these potent substances. which permits their con-
trolled release over a long time period at doses that are signifi-
cantly inferior to- the systemic dose, might be a major
breakthrough in limiting their side effects.

4. Intra-articular drug delivery systems
4.1. Intra-articular injection technique

Local administration is attractive for the delivery of high drug
concentrations at the main site of inflammation and for minimising
the side effects related to systemic administration, Aspirating and
injecting the knee or other joints is a common technique for both
diagnostic and therapeutic purposes, in spite of practical difficul-
ties such as the lack of accessibility of the joint and thus, hindered
needle placement [61-64]. The complications of i-a. injections like
infection, post-injection flare, crystal-induced synovitis, cutaneous
atrophy and steroid arthropathy {65}, although rare, could resultin
dramatic side effects. The incidence of septic joints related to local
steroid injection is about 1 in 10000 injections, while for post-
injection flare, a frequency of around 2% was recorded. Due to
the crystalline nature of the steroids, crystal presence in the joint
might produce transient synovitis in about 10% of the patients; this
condition generally disappears after a few days [12-14]. Depend-
ing on the joint type and the injected substance, aspiration of the
synovial fluid before injection might be necessary {14]. Moreover,
post-injection rest is required in order to increase the residence
time of the administered substance, and, hence, the clinical re-
sponse [66]. Besides these rather serious side effects, the i-a. route
of administration is ‘also accompanied by some technical draw-
backs related to the cost and time involved in the procedure, pa-
tient compliance and, most importantly, the rapid efflux of drugs
from the joint cavity after instillation. This last shortcoming could
be addressed by using drug delivery systems which ensure sus-
tained release of the active substance in the joint, while minimis-
ing the systemic side effects. '
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4.2. Drug delivery system intra-articular residence time

4.2.1. Synavial membrane physiclogy

The synovium, which is the tissue between the fibrous joint
capsule and the synovial cavity, is divided into three compart-
ments with distinct functions, notably, the lining region; the sub-
intimal stroma, which consists of connective tissue, lymphatic
vessels and fat cells; and finally the vascularised region, with
numerous capillaries. The synovial membrane, which is also re-
ferred to as the synovial lining, is an irregular membrane that is
3-4 cell-depth thin and is exempt of interceliular junctions. In nor-
mal conditions, it serves two functions, notably to provide nutri-
ents to the cartilage cells and to secrete the synovial fluid, which
lubricates the joint. The synovial membrane consists mainly of
two types of cells, type A synoviocytes, which are similar to mac-
rophages, and type B synoviocytes, which are similar to fibroblasts
{67-71]. It has been demonstrated by Senda et al. that both-types
of synoviocytes posses the ability to phagocytose 240-nm latex
particles |72]. Molecules entering or leaving the joint space must
traverse both the capillary endothelium and the interstitial space
between the synoviocytes {73]. The capillary endothelium presents
fenestrations that face the joint cavity, thus favouring the influx-of
substances to the joint cavity. Regarding proteins, their synovial
permeability is principally limited by the endothelium, while the
permeability of small molecules appears to be limited by diffusion
across the interstitial space | 74}). Nevertheless, transport is a highly
selective process, with small proteins such as albumin, entering
more easily. In contrast, the clearance of all proteins is achieved
by lymphatic drainage, while hyaluronan and proteoglycans have
restricted access to the lymphatic system. When a joint becomes
inflamed, the total protein concentration increases to values close
to those of plasma, and the synovial fluid volume augments due to
an increased permeability, which overwhelms the drainage capac-
ity of the lymphatic system {73].

4.22. Retention times of drug delivery systems vs. solutions or
suspensions

In terms of absorption and distribution into the systemic circu-
lation, the i-a. route is equivalent to other non-iv. parenteral
routes of administration [75]. For this reason, drugs that are i-a.
administrated as solutions or suspensions have half-lives that
can vary between 1 and 2 h for cortisone, naproxen or ketoprofen
and up to 22-26 h for hyaluronan {76]. To increase the drug resi-
dence time in the synovial cavity, drug delivery systems may be
used. Among them, thermally responsive elastin-like polypeptide
gels that can spontaneously aggregate after i-a. injection represent
a simple and innovative way to prolong the i-a. haif-life of a drug.
These aggregating elastin-like polypeptides form a drug-depot
resulting in a 25-fold longer half-life than drugs administered with
the non-aggregating protein. Research is ongoing to chemically
couple the elastin-like polypeptide to proteins, such as the IL-1
receptor antagonist, in order to achieve higher residence times
{77]. Besides the thermogelling approach, which is used to increase
the retention time of a drug formulation in the joint, pH-sensitive
gels, such as the holmium-166-chitosan complex, are interesting
tools. i-a. injection of this type of composite material results in for-
mation of a gel with minimal extra-articular leakage of the radio-
active isotope. The safety of this complex as a radiation
synovectomy agent was demonstrated in a Phase Iflla study of
16 patients [78].

Liposomes, whose potential to increase the i-a. residence time
of drugs was first suggested in 1976 by Shaw et al. [ 78], represent
drug delivery systems with valuable clinical utility for i-a. drug
delivery. Bonanomi et al. reported that the encapsulation of dexa-
methasone palmitate in liposomes resulted in an improved reten-
tion compared to microcrystalline triamcinolone acetonide {80).
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When encapsulating methotrexate in 1.2 um liposomes, Williams
et al, reported a 26.5% reduction in joint swelling of arthritic rats,
compared to 3,5% for the free drug at 1day after the injection.
Moreover, the effect was still notable 20 days after the injection
of liposomes (Fig. 5) {81]. The pharmacokinetics of liposomal lido-
caine, a local anaesthetic that is frequently injected into joints for
pain relief, was reported by Hou and co-workers after i-a. adminis-
tration in healthy rabbit knees. They detected significantly differ-
ent serum concentrations in rabbits treated with aqueous
solution compared to lipasomal lidocaine [82]. A highly versatile
clinical option for the management of inflamed joints is photody-
namic therapy with Verteporfin®, Generally used in oncology. this
approach, whose in vivo efficacy depends mainly on photosensitis- -
er uptake and accessibility in the target tissue, can also be used in

~ RA. The kinetics and the drug clearance rate after i-v and i-a.

administration of liposomal Verteporfin were studied, and inter-
estingly, the drug was not detectable in the circulation after i-a.
administration. This result supports the conclusion that photody-
namic therapy offers a less invasive and safer alternative than sur-
gical, chemical or radiation synovectomy {83]. The potential of
liposomes was also explored in the field of radiographic markers.
Edwards et al. studied the i-a. retention of liposomal iohexol com-
pared to the free drug in sheep. In this case, the liposomes resuited
in a significantly prolonged drug half-life, i.e., 134 h compared to
only 3 h for the free iohexol [84].

Together with liposomés, microspheres injected i-a. represent
one of the most studied means to decrease i-a. drug clearance. In
this respect, Lu et al. reported that the mean residence time of flu-
biprofen is doubled compared to injection of the drug suspension
{85]. Similar observations were registered for a celecoxib solution
compared to celecoxib-embedding chitosan microspheres. for
which a 10-fold increase in the concentration of celecoxib in the
joint was achieved after i-a. injection [86]. Methotrexate is a
DMARD which largely benefits from local administration in the

-joint in the form of polymeric microparticles. Liang et al. formu-

lated methotrexate-embedded poly(lactic -acid) microparticles
and tested their pharmacokinetics after i-a. injection in healthy
rabbits |87,88). As expected, the concentration of methotrexate
in the synovial tissues following i-a. injection was significantly
higher in the group treated with microparticles compared to the
one treated with the drug solution {88].

Due to the limited number of reported clinical studies, most of
them with liposomes, the i-a. drug delivery system approach re-
mains experimental. In order to reach the clinical stage, more re-
search is needed to demonstrate the in vivo benefits of such
systems. :
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Fig. 5. The anti-inflammatory efTect of liposome-conjugated methotrexate (meth-
otrexate-small unilamellar vesicles, MTX~SUV, and methotrexate-muitilamellar
vesicles, MTX-MLV) as assessed by a reduction in knee swelling in rats with
antigen-induced arthritis. One day after treatment, knee swelling (mean + SEM) in
MTX-MLV-treated rats was significantly. less than in MTX-SUV-treated rats and
than in rats treated with methotrexate sotution (MTX} (P < 0.04). This difTerence
remained significant at all time points up to day 21, demonstrating that MLV are

well suited to treat the symptoms of arthritis. Adapted from Williams et al. {81].
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4.2.3. Modulation of i-a. retention times

Obtaining high retention times in the joint, which is essential
for the therapeutic success of i-a, drug delivery systems, can be
achieved by both chemical and physical methods. The chemical
methods deal with the functionalisation of the surface of lipo-
somes, nano- or microparticles in order to achieve high binding
to joint-specific targets, thus ensuring the persistence of these sys-

tems at the inflammatory site. When attempting to achieve selec- .

tive cartilage binding using poly{propylene sulphide) nanoparticles
functionalised with a special collagen li-binding peptide ligand.
WYRGRL, Rothenfluh et al. |B9] demonstrated that the peptide-
decorated nanoparticles concentrated in the articular cartilage up
to 72-fold more than nanoparticles displaying scrambled peptide

sequence following i-a. injection in mice, Their innovative ap--

proach provides a means to target the articular cartilage, which
is otherwise poorly accessible avascular tissue, in diseases such
as OA, Anather promising strategy that might be effective for the
delivery of drugs to the inflamed synovium could be targeting of
avf3 integrin, which is up-regulated in neoangiogenic vessels, Cur-
rently. the efficacy of such an approach has been demonstrated in
adjuvant-induced arthritis in rats after systemic administration of
dexamethasone-containing liposomes with a surface-conjugated
RGD peptide |90]. This approach, combined with i-a. administra-
tion, may achieve valuable improvement in the retention time.
Alternative approaches that might also benefit from an i-a. admin-
istration in terms of limitation of non-specific systemic binding,
are targeting of the folic acid receptor FRfi, which is up-regulated
on activated synovial macrophages, and targeting of E-selectin,
which is an adhesion molecule that is up-regulated on the vascular
endothelium of inflamed tissue [91).

Among the physical methods. one can consider the use of bioad-
hesive materials. An example of such material is collagomers,
which are novel drug-carrier systems based on collagen-lipids
conjugates [92]. However, studies are nceded to demonstrate
synovial tissue retention with this system. The use of a magnetic
ficld also represents a recent approach to improve the accumula-
tion of magnetic drug delivery systems at the targeted site. In this
respect, Tanaka et al. used a 0.2 T permanent magnet implanted
into the femur to increase the i-a. retention time of magnetic lipo-
somes containing TGFf,. To this end, a hole with a diameter of
4 mm and a depth of 8 mm was created into the bone. It was dem-
enstrated that the presence of a magnet leads to a more efficient
retention of the liposomes in the joint and to a significant diminu-
tion of cartilage defects at 12 weeks [93]. Butoescu et al, incorpo-
rated superparamagnetic iron oxide nanoparticles (SPIONs) in

Fig 6. An external magnet increases microparticle retention in the joint,
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PLGA microparticles loaded with dexamethasone and achieved a
joint residence time of at least 3 months (Fig. 6) [94-96). Regarding
the possible toxicity of the SPIONs, Schulze et al. demonstrated
that 30-40-nm PVA-ceated SPIONs were biocompatible with artic-
ular and periarticular tissues in sheep [97]. Moreover, considering
the magnetic propertics of the SPIONs, they also investigated the
cffect of an extracorporeal magnet on nanoparticie persistence in
the joint and have shown an increased local concentration in the
presence of a magnet. Other studies on magnetic nanoparticles
were conducted by Helistern et al, |98], who employed light, fluo-
rescence and confocal microscopy to assess the biocompatibility of
the system with joint tissues, and the biodistribution of the drug
delivery system in different organs, The authors established that
the nanoparticles are taken up by the reticuloendothelial system,
and that the main organs in which the nanoparticles are detected
after i-a. administration are the liver and the spleen. Magnetic drug
delivery systems need further investigation before the initiation of
clinical trials to confirm the delivery of sufficient payloads to the
joint, long-term retention and efficacy in arthritis or OA animal
models, Magnetic field strengths used in these studies could be
reproduced in patients wearing external magnets, but this issue
should be further addressed.

4.3. Size

Unlike the systemic administration of drug delivery systems, i-
a, injection in active RA or OA involves introducing the carrier into
a pathological environment of excess protein and enzymes. many
of which may interact with the drug carrier |99]. For this reason,
the size, shape and type of carrier of the drug delivery system
are essential and must be thoroughly studied to ensure that the
carriers do not induce further inflammation or an immune re-
sponse. A detailed review of these key aspects is presented hereaf-
ter. Concerning the size of the i-a. administrated particles, the
discussion of the work done in the field will focus on liposomes
and on nano- and microparticles, emphasising aspects such as joint
retention and phagocytosis as a function of size.

4.3.1, Liposomes

Regarding this type of vesicular carrier, research has focused
mainly on increasing liposome retention as a function of particle
size (surface area) and biocompatibility. Bonanoimi et al, reported
that increasing the size of dexamethasone palmitate encapsulating
liposomes, ranging from 160 nm to 750 nm in diameter, resulted in
a 2.6-fold increase in retention at 48 h post-injection [80,100]. A
similar observation was described for liposomes containing meth-
otrexate, for which a mean diameter of 1.2 um ensured a higher
retention, and thus anti-inflammatory action, than 100 nm lipo-
somes |81). Together with traditional liposomes, niosomes, which
are non-ienic surfactant-based liposomes, were also investigated
for the local delivery of diclofenac sodium to treat arthritis {101].
Moreover, in order to further prolong the release of the active sub-
stance together with better joint retention, both lipasome- and
niosome-containing diclofenac were embedded in carbopol or
sodium carboxymethy! cellulose gels, leading to novel drug
delivery systems, lipogelosomes and niogelosomes, respectively.
Radiolabelled diclofenac-containing lipogelosomes injected in
arthritic rabbit joints presented the longest retention times com-
pared with the other formulations. Moreover, the radioisotope
was slowly released, 67% of the initially injected radioactivity
being still present 24 h post-injection [101). Liposomes have been
shown to be very efficient in the local treatment of joint diseases in
laboratory animals and also in humans, For example, when
administered in human patients, hydrocortisone-entrapping lipo-
somes remarkably improved subjective and objective indices of
inflammation at 48 h, with a slow return to the pre-injected state

A
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after 2 weeks [ 102]. In ancther clinical study, a single i-a. injection
of clodronate-containing liposomes significantly reduced the
expression of adhesion molecules, which is correlated with the ex-
tent of inflammation in the synovial lining (Fig. 7) |103]. These
encouraging results in humans have stimulated further research
of liposomes as a therapeutic method to locally treat inflammation
and cartilage defects.

4.32. Nanoparticies

This type of carrier has mainly been studied in an attempt to
target the articular cartilage in discases such as OA. For this pur-
pose, nanoparticles generally contain a specific cartilage-binding
moiecty. In addition, to achieve efficient carrier penetration into
the cartilage, the carrier size may play an essential role. This aspect
was demonstrated by Rothenfluh et al, [89] for nanoparticles
coated with collagen 11-binding peptide. The authors demonstrated
by fluorescence measurement a 14.9-fold preferential accumula-
tion of 38-nm mean diametei nanoparticles within the cartilage
relative to 96-nm diameter nanoparticles. This significant differ-
ence was attributed to the 60-nm pore size of the dense collagen
network,

4.3.3. Microparticles

Numerous reports focus on the influence of microparticle size
on the phagocytosis of these systems once they are injected in
the joint, It has been demonstrated that small particles are easily
phagocytosed, with a reported limit ranging from the nanometre
scale up to a few micrometers. Howie et al. [104] studied the re-
sponse of the rat synovial tissue to the presence of polyethylene
wear particles, similar to those commonly released from the artic-
ulating surfaces in joint prostheses. They reported that particles of
about 5-15 pm, larger than the size of macrophages. tend to pro-
duce a multinuclear giant cell response, while particles smaller
than 5 pum trigger a mononuclear macrophage response. Horisawa
et al. | 105] used fluorescently labelled PLGA nanoparticles (mean
diameter 265 nm) and microparticles (mean diameter 26 um) to
cvaluate synovial phagocytosis. As expected. nanoparticles were
extensively phagocytosed and subsequently transported through
the synovial membrane within 3-7 days. In contrast, microparti-
cles of 26 pm in diameter were neither phagocytosed nor trans-
ported to the underlying synovial membrane, but they triggered
a granulation reaction with multinuclear giant cells. Similar obser-
vations were registered by Nishide et al. who investigated the bio-
degradation and tissue response of PDLLA microspheres with size
fractions of 0-20, 20-100 and 100-200 um i-a. injected into
healthy rabbit joints [106], The authors concluded that microparti-
cles with diameters larger than 20 um were not internalised into

macrophages, nor did they produce important inflammatory re-
sponses. In contrast, Liggins and co-workers demonstrated that
PLGA microspheres in the size range of 1-20 jum produced signifi-
cantly greater inflammatory responses than 35-105 pim particles,
possibly explained by the large fraction of very small microparti-
cles in the 1-20 pm batch. Interestingly, the phagocytosis of micro-
spheres by synovial macrophages improved the retention of
microparticles in the joint |[107.108] and also ensured an increased
drug concentration in inflammatory cells and delayed clearance

" from the joint, which minimised drug exposure to cartilage. thus

reducing the side effects. Regarding drug concentration in the ser-
um after i-a. administration of drug-cncapsulating microparticles,

- Ramesh et al. pointed out that 400 min after the injection in the

articulus of dexamethasone encapsulated in PLA microparticles,
no drug was detected in the serum of healthy rabbits, thus con-
cluding that dexamecthasone release is localised in the joint

" |109]. In contrast, a small quantity of methotrexate was detected

in rabbit plasma 5 min post-injection of PLA microparticles, mostly
due to a burst release of the drug from the particles {88]. Moreover,

“the microparticles, whose size is in the range 30-100 pm, did not

induce acute inflammatory reactions.

Considering the diameters of all types of microparticles tested
for i-a, delivery of drugs depicted in Table 1, it can be concluded
that the most suitable size is between 5 and 10 pm. This particle
size range ensures capture of the particles by the synovial macro-
phages, a process that results in a prolonged retention time in the
joint. In addition, to limit the inflammatory reactions, the choice of
adequate polymers is essential.

4.4, Quantity of i-a, injected drug delivery systems

Apart from size, the quantity of injected microparticles is also
important te the appearance of an immune response, as shown
in the studies conducted by Nishide et al. They demonstrated an
enhanced number of white blood cells with increasing amounts
of injected microparticles, from 5 to 40 mg per knee {106]. In con-
trast. no significant dose-dependent inflammatory effect was ob-
served for paclitaxel-embedding PLGA microparticles after i-a.
administration of 15 to 75 mg of particles per joint in healthy rab-
bit knees |110]. :

4.5. Shape

Not only the size, but also the shape of the particles injected
into the joint is important for triggering an immune response.
Irregularly shaped microparticles have been demonstrated to pro-
mote tissue inflammation in comparison with round-shaped drug

Fig 7. Histological image of the synovial lining of a RA patient before and 7 days alter clodronate liposome administration. Before the injection (left panel), numerous
macrophage-like fibroblasts were present (indicated by arrows), while after the injection, normal features of the fibroblasis were recorded (right panel). (HE siain, original

magnification 250.). Adapted from Barrera et al. [103].

26652681A__|_>

52



212 N. Butoescu el al.{Eiropean fournal of Pharmaceitics and Biopharmacentics 73 (2009) 205-218

Table 1
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Table 1 {continued)
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delivery systems. In this respect, Liggins et al. showed that irregu-
lar, milled chitosan particles induced joint inflammation despite
the known articular biocompatibility of this biomaterial {110].
Similar histological observations showing marked inflammation
in the synovial membrane and the subsynovial lining were made
by Ratcliffe et al. for PLA and poly(butyl cyanoacrylate) micropar-
ticles obtained by simple polymer grinding |107]. Thus, to avoid
inflammatory reactions subsequent to the administration of irreg-
ularly shaped particles, round-shaped particles are to be preferred
for i-a. drug delivery.

4.6. Matrix materials

Regarding liposomes, research demonstrated that egg phospho-
lipid liposomes were relatively fragile and prone to leakage.
Dipalmitoyl phosphatidy! choline (DPPC) was chosen as the most
important liposome phospholipid due to its gel-liquid crystalline
phase transition temperature of 41 °C, which makes it more rigid,
and thus stable, at the body temperature. From the point of view
of biocompatibility. DPPC is very suitable for i-a. use as it is an
endogenous component of the joints |111]. More precisely. it rep-
resents approximately 45% of the total synovial fluid lipid compo-
nent. Cholesterol is often included in the composition of the
liposomes for its capacity to improve in vivo stability and to pre-
vent leakage of drug molecules through the liposomes bilayer
[112]. Stearylamine represents another possible constituent of lip-
osomes and is used to enhance repulsion between shell layers, and
also to improve interaction with macrophages, due to its positive
charge [113]. Moreover, changes in matrix composition can influ-
ence the therapeutic action of the formulation, as demonstrated
for cortisol-containing liposomes whose anti-inflammatory activ-
ity decreases in the absence of phosphatidic acid | 114]. In the for-
mulation of nanoparticles, an innovative polymer matrix,
poly{propylene sulphide), was used to obtain specially designed
systems for targeting of the articular cartilage {89.115]. By varying
the ratio between the pelymerand the emulsifier, Pluronic 127, the
authors achieved control of the size, ranging from 20 to 200 nm,
and they obtained special nanoparticle core architecture, with a
hydrophaobic nucleus resulting from the disulphide cross-linking

of poly(propylene sulphide), with hydrophilic domains consisting -

of polyethylene glycol moieties of the Pluronic and with the sur-
face covered by peptide ligands to target the cartilage, Finally for

26652681A__|_>

microparticle matrices, several materials have been studied, nota-
bly poly{lactide-co-glycolide) (PLGA) [116-118], poly(i-lactic acid)
(PLA) [109), gelatin [85], albumin [108], poly(c-caprolactone),

- chitosan [110]. poly(butyl cyanoacrylate) [107], calcium alginate

[118], hydroxyapatite and glucosamine-chondroitin [120]. as dis-
played in Table 1, Among these materials, the release and degrada-
tion characteristics of albumin, gelatin, chitosan or alginate can be

" modulated by cross-linking methods [116). Note that cross-linked

albumin microspheres have been shawn to be well tolerated by the
synovial tissue [108,116). Homopolymers and copolymers of lactic

-and glycolic acids are macromolecules degraded by simple hydro-

lysis af the ester bonds to-produce non-toxic by-products. which
can be easily cleared out from the joint. Due to its known biode-
gradability and to the fact that it is largely employed for numerous
medical applications in animals and in humans, PLGA is the most
frequently used polymer as particle matrix.

. Regarding the encapsulation efficacy and drug loading, these
two parameters varied in function of the active substance and
the matrix material, Generally, literature reports very high encap-
sulation efficacy (70-80%) for i-a. drug delivery systems, corre-
sponding to drug loadings of 1% [121], 5% {109,117,121], 10%
[122} and up-to 47% for hydrocortisone in PLGA microparticles
[123]. As for the ir vitro release, generally assessed in PBS, it varied
from a few hours for BSA drug delivery systems {124] to around
100 h for chitosan microparticles | 125]. In both cases, the release
rate could be tailored by changing the cross-linker concentrations.
For PLA- or PLGA-based systems, the release times were longer, up
to 14 days in some reports {109,122]. Some authors also investi-
gated the in vivo release in dorsal air pouch models in rodents

194,121] and demonstrated release times of 6-7 days.

4.7. Therapeutic agent

Due to an acute need for efficient therapeutic systems providing
long-term pain relief, non-steroid and steroid anti-inflammatory
drugs were, by far, the most tested drugs for encapsulation in
cither liposomes or nano- and microparticles, and their efficacy
has been studied mostly on rabbit, sheep or rat arthritis models
(Table 1). Another therapeutic class of active substances thor-
oughly studied as candidates for encapsulation is radioisotopes.
In fact, the synovial lining of the arthritic joint becomes hyperpla-
sic and may thicken to 10-12 cells in depth. To remove the
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inflamed synovium lining, three methods are currently available,
notably surgery (surgical synovectomy), chemical substances
(chemical synovectomy), which are noxious agents used to kill
the synoviocytes, and radionuclides (radiation synovectomy).
Although very cfficient in certain cases by providing pain relief
up to 2-5 years |126], surgical synovectomy is limited by its tech-
nical complexity, and also by the fact that subsequent regrowth
can occur, Chemical ablation uses noxious substances. usually che-
motherapeutics, which kill the synovial lining. Encouraging results
with chemical synovectomy were obtained with liposome-encap-
sulated daunorubicin [127], a potent anti-neoplasic agent, i-a. in-
jected in arthritic rabbits, Compared to free daunorubicin, the
lippsomes elicited a reduction in temperature and diameter of
the treated animal joint over a period of 24 days, demonstrating
that a very small dose (5-10 pg) of substance can produce impor-
tant beneficial effects. The third method is the ablation of inflamed
synovium by intra-articular injection of beta-emitting radionuclide
in colloidal or particulate form. The common drawback of the
chemical and radiation synovectomy is the necessity to restrict
the agent to the joint cavity, in order to limit the systemic side ef-
fects. This problem was solved by the encapsulation of the thera-
peutic agent into particulate systems, most generally liposomes
or microparticles. Concerning radionuclides, a large panel of iso-
topes were embedded in either gels ('%°Ha), liposomes (*'Cr) or
microparticles {'*®Re, 9"Tc, '4'Ce, 'SSHo, ctc,). Generally, an ideal
radiopharmaceutical for radiation synovectomy should have
appropriate beta-emission energy for effective tissular absorption
and removal of inflamed synovium. In addition, the half-life needs
to be short enough to reduce the risk of prolonged radiation in vivo
but long enough to ensure adequate manufacturing and transport.

Morcover, the radionuclide should bind irreversibly to the carrier.

particles, preferably having a diameter sufficiently small to allow
effective phagocytosis by synoviocytes, but large enough to limit
extra-articular leakage [78]. The carrier biodegradability is not
compulsory, as long as the carriers do not induce inflammatory
reactions into the joint. For example, Noble ct al. used carbonised
microparticles containing '*'Ce and demonstrated that reducing
the biodegradability of the particle or increasing the diameter re-
sults in the reduction of radioactivity loss from the knee joint
[128], but a clinical use of such a system is hardly conceivable, Sat-
isfactory rates of i-a. radioactivity retention were also achieved by
using biodegradable materials such as hydoxyapatite [128] or PLA
[129], with values superior to 98% after 48 h and 120 h, respec-
tively. In contrast, larger radioactivity leakage was observed by
Mumper et al. [ 129] for ferric hydroxide macroaggregates contain-
ing *Fe. The authors concluded that the 18.5% radioactivity loss
after 5 days was due to instability of the ferric hydroxide macroag-
gregates in the presence of *9Fe,

4.8. Drugs that might benefir from delivery system

Despite the significant progress done in the field of i-a. delivery,
at present there is an acute need for specific drug delivery systems
capable of reducing side effects and systemic toxicity either for
classical anti-inflammatory drugs or for novel and very potent
anti-inflammatary substances, which cannot be registered for the
moment due to high toxicity {Table 2). For most RA or OA drugs,
future development can only be achieved in the framework of ade-
quate pharmaco-technological or biological development, to con-
fine their action at the targeted site and hence to minimise the
undesired effects, Such is the case of drugs targeting p38 mito-
gen-activated protein kinase (p38 MAPK). an enzyme that regu-
lates cytokine levels and that plays an important role in the
activation responses associated with inflammatory diseases
[ 154-156]. An increasing number of potent and specific p38 MAPK

inhibitors synthesised by numerous pharmaceutical companies are -
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Table 2 .
P38 MAPK inhibitors in clinical trials.

Compound Company .. - “Clinical Status:
AMG-548] Amgen - o EPhase) discontinued.
AVE-9940 - .Banofi-Aventis 7 Phasc | discontinued
BIRD 796 . =" Baehringer © - Phase Ml

S pmiina - lngelheim s SR
GSK-681323 7 0 GlaxeSmithKline - Phase1(2002)7 . .

PH-797804 Phase Il (2007).
PS-540446
PS:516895
RO-440225
RO-3201195

Phasc 11(2006):.
Phasel

Johnson & Johnson .

RW]67657 -Phase | discontinued -+
SB-203580 .. SmithKline . - Discontinued * - .-
SB-281832 .- Beecham - Discontinued .-

Discontinued
AR Discontinued -~
Phizer- - SR
Scios

hase 1l discontinued,
Phase: 1l discontinued’

currently in clinical trials, generally for oral or parenteral adminis-
tration in the case of RA, Early findings with compounds such as
$B-203580 {157]. SB-220025 or SB-242235 [158] prove that these
substances are very potent in vitro inhibitors of p38 MAPK and that
they produce significant anti-inflammatory response in different
rodent models, Nevertheless, their development was stopped due
to the lack of specificity or to the toxicity associated to the inhibi-
tion of liver p450 cytochrome [ 159,160]. A new p38 inhibitor, GSK-
681323, is currently in carly stages of clinical development {160},
while $CI0-469, one of the most advanced compounds in clinical
trials, is at the moment in Phase Il [160]. VX-745 from Vertex is
a promising compound, whose clinical evaluation was arrested in
2001 due to central nervous system toxicity associated with its
high ability of crossing the brain-blood barrier |3,161]. A second-
generation molecule developed by Vertex, VX-702. is currently un-
der Phase I clinical crials [3.5.162,163]. Another class of anti-
inflammatory compounds is represented by the IL-1p converting
enzyme inhibitors, among which pralnacasan (VX-740) and an or-
ally available prodrug (VX-765) are the most known and studied.
Although in experimental models of OA and RA both pralnacasan

and VX-765 reduced joint damage and RA progression [164-16G6],

in clinical trials the use of pralnacasan was associated with liver
abnormalities that led to the discontinuation of the trials.

Although very promising, an increasing number of novel and
very active compounds fail to enter or are discontinued in the
course of clinical trials due to adverse reactions. Nevertheless,
these compounds may represent a major breakthrough if they
were developed under an adapted drug delivery system, allowing
on the onc hand the administration of very small drug quantities
and on the other hand the localisation of the compound at the tar-
geted site, hence, avoiding side effects related to high drug concen-
trations or to systemic localisation,

5. Conclusions

In conclusion, i-a, drug delivery systems for OA or RA represent
a valuable means to administer drugs directly in the joint cavity,
while circumventing systemic toxicity and reducing leakage or
exposure of other tissues and organs. Due to its encapsulation in
a delivery system, the active substance is gradually released, and
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it can act locally to diminish joint inflammation, in the case of non-
steroidal or steroidal drugs, to remove the synovial lining, in the
case of radioisotopes or anti-tumour drugs, or to target the articu-
lar cartilage, in the case of specific peptide drugs, The uptake by
synovial macrophages is very important on the one hand to in-
crease the retention of the drug delivery system in the joint and
on the other hand to rapidly and effectively diminish inflammation
by the direct targeting of the cells involved in inflammatory re-
sponses. Consequently, because of the enviranment of the arthritic
jaint, the drug delivery systems designed for i-a. administration
must meet specific criteria concerning the lack of pro-inflamma-
tory or pro-immunogenic activity, achieved through a careful
selection of the carrier material and suitable size and shape,

Despite the extensive research done in the field, at present there
is no polymeric drug delivery system registered for i-a. administra-
tion in humans. maybe due to stability issues, but also to a lack of
definite evidence of pre-clinical and clinical efficacy. Nevertheless,
among the different types of drug delivery systems, liposomnes rep-
resent the most advanced carrier for i-a. administration, benefiting
from preliminary evidence of efficacy obtained both in animal
models and in small clinical studies, Further research is needed
to improve the retention and to tailor the release rate of the encap-
sulated drug.

Research in this field should be directed towards the develop-
ment of adapted delivery systems for potent anti-inflammatory
drugs such as p38 MAPK or IL-1p converting enzyme inhibitors.
These types of agent block molecular functions that are involved
in the immune respense and signalling cascades, Systemic admin-
istration leads to an increased rate of infections and toxic side ef-
fects and thus, a local intra-articular administration may be of
great benefit. Moreover, in order to increase the success of these
intra-articular drug delivery systems, the research on encapsula-
tion techniques should take into account specific targeting strate-
gies for cellular receptors in the joint, which could represent a
major breakthrough in the domain of rheumnatic disease treatment.
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Study center(s)
This study was conducted at 2 study sites in the United States:

Publications

None at the time of writing this report.

Early termination of study

Study D2785C00002 was a Phase 1 study to evaluate the safety, tolerability and
pharmacokinetics of an oral formulation of AZD6918 alone and in combination with either
gemcitabine or pemetrexed in 2 separate arms. The first patient was enrolled on 6 August
2008, and the last patient completed the study on 12 March 2009. A decision to prematurely
terminate the study was taken on 9 Feb 2009 and communicated to investigators. The reason
for premature termination of the study was that the observed PK profile of AZD6918 in cancer
patients showed that exposure was extremely low, as indicated by a lower Cpax, Cinin, and
AUC, and that the apparent clearance was higher than predicted from animal studies. Based
on this profile, as well as the variability observed among patients in the highest dose cohort
(80 mg), the only cohort that included more than | patient, it was judged unlikely that an
efficacious dose of AZD6918 could be recached. No safety issues were identified.

Objectives

The primary objective of this study was to identify a pharmacokinetically (PK)— guided
estimated biologically effective dose (eBED) and maximum tolerated dose (MTD).

The secondary objectives were:
. To evaluate the safety and tolerability of AZD6918 as a single agent

. To evaluate the safety and tolerability of AZD6918 given in combination with
chemotherapy (either pemetrexed or gemcitabine) .

. To determine the pharmacokinetic profile of AZD6918 following single and
multiple dose administration

. To evaluate the pharmacokinetics of AZD6918 and the selected chembtherapy

agents when given in combination to determine if pharmacokinetics are altered by
co-administration
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The exploratory objectives were:
. To seek preliminary evidence of the anti-tumor activity of AZD6918

. To correlate tumor biologic characteristics and clinical outcome using archival
tumor tissue. All patients were required to consent although archival tissue did not
have to be available at time of therapy initiation and was not a requirement for
evaluability (samples were collected but have not been analyzed and are not
presented in this Synopsis). :

Optional: To obtain a blood sample for deoxyribonucleic acid (DNA) extraction for
retrospective pharmacogenetic analysis (samples were collected but have not been analyzed
and are not presented in this Synopsis). '

Optional: Surplus blood or tissue samples may be analyzed for exploratory biomarkers to
evaluate relationships between cancer related biomarkers and study treatments as part of a
larger effort of biomarker evaluation (samples were collected but have not been analyzed and
are not presented in this Synopsis).

Study design

Study D2785C00002 was a Phase 1, open-label, multi-center study to assess the safety,
tolerability and pharmacokinetics of an oral formulation of AZD6918 (an inhibitor of
tropomyosin-related kinase [Trk] receptors). The study was designed to include 2 parts, with
each patient participating in only 1 part: ' '

U Part A (Dose Escalation Phase) was designed to identify the safety, tolerability and
PK of daily oral AZD6918 as a single agent up to eBED and MTD.

° In Part B (Combination Expansion Phase), the eBED of AZD6918, if <MTD,
(possibly MTD also, if significantly greater than eBED) was to be combined with
gemcitabine or pemetrexed in 2 separate arms. Two dose levels of each
chemotherapy were to be tested, and the highest dose at which <2/6 evaluable
patients experienced dose-limiting toxicities (DLT) would be considered the MTD.
Hence Part B was designed to assess safety and additional PK data of combination
therapy.

No patients were enrolled in Part B of this study; therefore, the remainder of this Synopsis will
address methods and results relating only to Part A.

During the Dose Escalation Phase, each dose cohort was to consist of 1 evaluable patient
unless the patient experienced either of the following: 1) any CTCAE' Grade >2 non-disease

' Common Termihology Criteria Adverse Event, Version 3.0.
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related adverse event (AE) in the first cycle, or 2) a steady-state minimum AZD6918 plasma
concentration of >80 nM at 24 hours on Day 9; in these cases, a dose cohort was expanded to
include 2 additional evaluable patients (ie, 2 minimum of 3 evaluable patients). Criteria for
expanding a cohort beyond 3 patients were outlined in the Clinical Study Protocol; however,
there were no cohorts that included more than 3 patients in this study.

The starting dose of 20 mg was based on margins established through pre-clinical mouse and
dog toxicology data and estimate of the Minimum Anticipated Biological Effect Level
(MABEL). This dose represented 1/60™ of the 1/10" the severely toxic dose (STDg) in mice,
1/15" of the no-observed-adverse-effect-level (NOAEL) in dogs and was approximately
equivalent to the MABEL for tumor effect in an engineered mouse model. Dose Escalation
was to be 100% in 1-patient cohorts until non-disease related CTCAE Grade >2 occurred
during the first cycle. Subsequent dose escalations were to be 50% or 25%.

Target patient population and sample size

The target population included patients >18 years with histologically confirmed solid

- malignancy that was recurrent, metastatic, and/or unresectable, and for which standard

curative or palliative measures did not exist or were no longer cffectlve A total enrollment of
approximately 75 patients was planned for Parts A and B.

Investigational product and comparator(s): dosage, mode of administration and batch
numbers

AZD6918 was supplicd as a suspension (10 mg/mL) and administered orally once daily on an
empty stomach. It was administered in doses of 20, 40, or 80 mg for the patients treated in
this study. The formulations and batch numbers for this open-label investigational product
were as follows: 1) Formulation Number F013630, Batch Numbers 2000116836 and
2000117034, and 2) Formulation Number F013650, Batch Numbers 2000117036 and
2000117387.

Duration of treatment

For Cycle | only, patients were to receive 21 days of AZD6918, followed by a 1-week
observation period. If the patient remained on study, all subsequent cycles were to consist of
28 days of AZD6918 as continuous, once-daily dosing. At the Investigator's discretion,
individual patients could receive consecutive treatment cycles provided: (1) they were
continuing to benefit, and (2) they did not meet any other withdrawal criteria. Patients were to
be followed for safety up to 30 days after last administration of AZD6918.

Criteria for evaluation - pharmacokinetics and efficacy (main variables)

PK variables: AZD6918 (single dose): Cmax, Tmax, AUC, AUC (0-24), AUC 0.y, CL/F, V/F, ti12
AZD6918 (muzllple dose)’ Cmax'ss' Tmax'SS’ Cmin,ss' Tmin‘ss’ Cavg‘ ss, AUCt, s, AUC(O-(), CLSS/F, VSS/F,
ti7ss, Rae, MRT.

Efficacy variables: investigator assessment of overall best response per RECIST number of
patients with stable disease >16 weeks. :
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Criteria for evaluation - safety (main variables)

Safety variables: CTCAE grade and type of AEs and DLTs; changes in laboratory Values vital
signs (including weight), physical exams, and ECGs (heart rate, PR, R-R and QT intervals and
QTc[Fridericia]).

Because of the non-clinical/preclinical signs of reversible ata‘ua which might reflect potential
neurological activity, this study incorporated clinical safety assessment using the Mini-Mental
State Examination (MMSE©) and International Co-operative Ataxia Rating Scale (ICARS) to
assess for ataxia/cerebellar dysfunction. However, these assessments were not to be used for
clinical decision-making in isolation, as the tools have not been validated in the target patient
population. Pain assessment was measured on the clinical 0-10 scale, and pain medication use
was recorded. The Kamofsky Performance Scale was used to assess a patient's ability to carry
out activities of daily living.

As a result of preclinical findings in dogs of transient, dose-related decreases in systemic
blood pressure with compensatory increases in heart rate, supine and standing blood pressures
and pulse rates were measured at each visit.

Statistical methods

No formal statistical analyses were planned for this study. Because only 1 of the 3 dose levels
investigated included more than 1 patient, summary output has been limited to demographic
variables, disposition, PK variables, DLTs, and overview of AEs. Patient listings are provided
for all variables collected in the study. Summary output, figures, and patient listings are
included in the Clinical Study Report.

Subject population

A total of 7 patients were enrolled in this study (ie, signed informed consent); 5 of these
received at least 1 dose of AZD6918 and comprised the safety analysis set. One patient was
assigned to the 20 mg starting dose cohort and remained on treatment for a total of 112 days
(ie, four 28-day cycles). One patient was assigned to the 40 mg escalation cohort and
remained on treatment for 42 days. The first patient assigned to the 80 mg escalation cohort
experienced two Grade 3 DLTs that were assessed by the investigator as possibly drug-related
(see Summary of Safety Results, below). As a result (and per protocol), 2 additional patients
were included in the 80 mg cohort. Treatment duration in the 80 mg cohort ranged from 13 to
57 days.

The dosed patients had a mean age of 58.0 years (range: 47 to 71 years). All 5 dosed patients
were White and 4 (80%) were women. All patients had metastatic disease, with primary
tumor types of colon (1), skin/soft tissue (2), breast (1), and melanoma’(1). Three of the

?In the study database, this patient’s primary tumor was incorrectly coded as a CNS tumor; however, this patient
had melanoma of unknown primary with metastatic deposits in the pituitary and liver.
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dosed patients discontinued because “condition under investigation worsened;” the other
2 dosed patients discontinued due to adverse event(s) (DAE).

Summary of pharmacokinetic results

All 5 patients dosed orally with AZD6918 were evaluable for pharmacokinetics. Plasma
concentrations of AZD6918 were below the lower limit of quanttﬁcatlon (LOQ: I ng/mL) at
the lowest dose of 20 mg.

At the 40 mg dose level (n=1), exposure of AZD6918 on Day 1 and Day 8 (steady-state) of -
dosing were low, with values at steady-state of 1.39 ng/mL for C,x and 1.46 ng*h/mL for
AUCq.ya5. Following dosing at 80 mg (n=3), AZD6918 was rapidly absorbed with a median
Tnax,ss 0f 0.75 h (range: 0.50 to 0.78 h). Plasma Cpay 55 (44.3 ng/mL, CV 270%) and
AUC.1ast,5s (67.2 ng*h/mL, CV 251%) were approximately 32- and 46-fold higher,
respectively, compared to the 40 mg dose, although considerable inter-subject variability was
observed. The geometric mean (gmean) Cpinsswas 1.11 ng/mL (CV 12%) and was well
below the estimated plasma concentration (32 ng/mL) required for biological activity.

The estimated AZD6918 steady-state apparent volume of distribution appeared to be large
(Vs/F 7320 L; CV 34%) with an apparent clearance of 1136 L/h (CV 216%). Since the
absolute bioavailability (F) is unknown, it is difficult to interpret these findings. Plasma
concentrations declined rapidly from Cpax up to 4 h postdose and then more slowly, with a
mean ts 0f 8.64 h (range: 1.51 to 13.0 h).

The observed pharmacokinetic profile is chéract_erized by a multi-exponential decline, lower
Cmax» Cmin and AUC, and apparently higher clearance than predicted from pre-clinical studies.
Based on this pharmacokinetic profile and the variability observed among patients at the

80 mg dose, a very high dose was likely to be necessary to achieve the plasma concentration
required for biological activity (estimated to be 32 ng/mL). Since most of the predicted doses
were above the maximal absorbable dose, it was judged unlikely that an appropriate
biologically efficacious dose (BED) of AZD6918 could be reached.

Summary of efficacy results

All 5 dosed patients had measurable disease at baseline. Of these, 4 had postbaseline tumor
assessments performed. There were no complete or partial responses according to RECIST.

Summary of safety results

The MTD for AZD6918 was not identified in this study. All dosed patients had at least 1 AE.

There were no neurological AEs. Two patients (D2785C00002/E0001001 and
D2785C00002/E0001002) died due to disease progression and also, in the case of
Patient D2785C00002/E0001001, to liver dysfunction. Both of these patients also
experienced DAEs. Additional details of each of these 2 cases are provided below:

. Patient D2785C00002/E0001001 (female/65 years old/melanoma/80 mg cohort)
experienced 2 DLTs (Grade 3 bilateral lower extremity edema and abdominal

2676238A__1 >
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edema); these were considered possibly related to study medication by the
Investigator and by the AstraZeneca Study Team physician.and Global Safety
physician, and they resulted in discontinuation of study medication (DAEs). While

. these DLTs were not reported as SAEs by the Investigator and, therefore, do not
appear as SAEs in the study database, the AstraZeneca Study Team physician and
Global Safety physician considered the events to be medically important, and
upgraded them to SAEs in the Global Safety database,

. Patient D2785C00002/E0001002 (female/47 years old/breast/80 mg cohort), who
had liver metastases, experienced 4 DAEs, none considered related to study
medication: Grade 3 elevated alkaline phosphatase Grade 2 elevated AST and total
bilirubin, and Grade 3 abdominal pain. :

Although instances of acute, reversible decreases in systolic and/or diastolic blood pressure
were recorded in some patients, interpretation of these results was confounded by concomitant
anti-hypertensive medications in 3 of the 5 patients. ECG findings were unremarkable; there
were no QT or QTc intervals >500 msec. Laboratory, vital signs, and physical exam data did
not reveal any major safety concerns.

2676238A_|_>
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INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)
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WRITTEN OPINION OF THE ' International application No.
INTERNATIONAL SEARCHING AUTHORITY : PCT/(GB2011/051357

Box No.| Basis of the opinion

1.

2.

3.

With regard to the language, this opinion has been established on the basis of:
& the international application in the language in which it was filed

O atranslation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

[J This opinion has been established taking into account the Vrectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing filed or furnished:

a. (means)
0O on paper
O in electronic form
b. (time)
(J in the international application as filed
0O together with the international application in electronic form

[0 subsequently to this Authority for the purposes of search

. O In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,

the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed,.as appropriate, were furnished.

Additional commenits:

Box No.V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

. Statement

Novelty (N) Yes: Claims 1-16
No: Claims

—

7

Inventive step (IS) Yes: Claims
No: Claims

—
L
\l

Industrial applicability (1A) Yes: Claims-
No: Claims

~l

Citations and explanations

see separate sheet

Form PCTASA/237 (April 2007)



WRITTEN OPINION OF THE . International application No,
INTERNATIONAL SEARCHING AUTHORITY o PCT/GB201 1/051357

Box No. VIl  Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

see separate sheet

Box No. VIiI Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form PCTASA/237 (April 2007)



WRITTEN OPINION OF THE ' International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) ' ~ PCT/GB2011/051357

Re ltem V

Reasoned statement with regard to novelty, inventive step and industrial
applicability; citations and explanations supporting such statement

1. CITED DOCUMENTS

Reference is made to the following documents:

D1 WO 2008/054292 A1 (ASTRAZENECA AB [SE]) 8 May 2008
(2008-05-08) o -

D2 US 6 217 911 B1 (VAUGN WILLIAM M [US] ET AL) 17 April 2001
(2001-04-17); cited in the application

D3 WO 2009/125226 A1 (ASTRAZENECA AB [SE]; ASTRAZENECA UK LTD
[GB]) 15 October 2009 (2009-10-15)

D4 US 2006/140988 A1 (CHEN GUOHUA [US] ET AL) 29 June 2006
(2006-06-29) ,

D5 US 2010/016257 A1 (BROWN LAURA J [US] ET AL) 21 January 2010
(2010-01-21) _ _

D6 WO 99/01114 A1 (EURO CELTIQUE SA [LU]) 14 January 1998

(1999-01-14)

D7 BUTOESCU N ET AL: "Intra- articular drug delivery systems for the
treatment of rheumatic diseases: A review of the factors influencing their
performance’, EUROPEAN JOURNAL OF PHARMACEUTICS AND
BIOPHARMACEUTICS, ELSEVIER SCIENCE PUBLISHERS B.V,,
AMSTERDAM, NL, vol. 73, no. 2, 1 October 2009 (2009-10-01), pages
205-218, XP026652681, |ISSN: 0939-6411, DOI: 10.1016/ J.EJPB.
2009.06.009 [retrieved on 2009-06-21]

D8 US 2009/035250 A1 (DRAPEAU SUSAN J [US] ET AL) 5 February 2009
(2009-02-05) -

D9 WO 2006/082392 A1 (ASTRAZENECA AB [SE]; ASTRAZENECA UK LTD
[GB]) 10 August 2006 (2006-08-10); cited in the application

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)



WRITTEN OPINION OF THE ~Internationai application No.
INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) ' ' PCT/GB2011/051357

2. METHOD OF TREATMENT

The patentability of claim 16 is inter alia dependent upon its formulation as well as
upon national and regional laws and no unifying criteria are provided in this field by
the PCT. Its assessment will be carried out based on the alleged effects of the
compounds/compositions searched in the International Search Report.

3. Rule 6.2(a) PCT

Claim 17 contravenes the requirements of Rule 6.2(a) PCT since it relies, in respect of
the technical features of the invention, on references to the description ("generally as
herein described"). Since claim 17 is drafted in indefinite terms, the pharmaceutical
depot to which it refers is construed in its broadest sense when assessing the novelty
of the present application.

4. CLARITY (Art. 6 PCT)

The use of the term "about", in claims 7-10, is indefinite and as such renders the
scope of said claims unclear (Art. 6 PCT). :

5. NOVELTY (Art. 33(2) PCT)

The present application does not meet the criteria of Article 33(1) PCT because the

subject-matter of claim 17 is not new in the sense of Article 33(2) PCT.

All documents D2-D8 disclose pharmaceutical depots. Therefofe, the subject-matter of
claim 17 is not new in view of D2-D8 (Art. 33(2) PCT).

No document in the prior art discloses a pharmaceutical depot comprising (i) 5-
fluoro-2-{[(1S)-1- (5- fluoro-2- pyridyl) ethyl] amino] -6- [(5-isopropoxy-1H- pyrazol-3- yl)
amino] pyridine-3-carbonitrile, or a salt thereof, and (ii) a polymer. Thus, claims 1-16
are novel (Art. 33(2) PCT). '

6. INVENTIVE STEP (Art. 33(3) PCT)

6.1. Document D1 is regarded as bei'_ng the prior art closest to the subject-matter of
claim 1, and discloses (cf. passages cited in the search report) the use of (S)-5-
fluoro-2- (1- (5- fluoropyridin-2- yl) ethylamino)-6- (5- isopropoxy-1H- pyrazol-3- ylamino)

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-Aprit 2005)
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WRITTEN OPINION OF THE v International application No.

INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) _ PCT/GB2011/051357

nicotinonitrile for treating pain caused by osteoarthritis and rheumatoid arthritis. The
above compound may be administered by |n|gc§|on into the |omg The document D9
discloses the same.

The subject-matter of claim 1 differs from D1 in that the pharmaceutical agent (S)-5-
fluoro-2- (1- (5- fluoropyridin-2- yl) ethylamino)-6- (5- isopropoxy-1H- pyrazol-3- ylamino)
nicotinonitrile is formulated in the form of a pharmaceutical depot comprising a
polymer. '

The effect of this difference is the controlled and/ or sustained release of the
pharmaceutical agent so as to maintain a therapeutic. level of the drug over an
extended period of time (cf. page 4, lines 13-15 of the present application).

The objective technical problem to be solved by the present application may therefore
be regarded as the provision of a controlled and/or sustained release formulation of
(S)-5- fluoro-2- (1- (5- fluoropyridin-2- yl) ethylamlno) -6- (5- isopropoxy-1H- pyrazol-3-
ylamino)nicotinonitrile. '

All documents D2-D8 (cf. passages cited in the search report) disclose pharmaceutical
depots for treating joint diseases such as osteoarthritis and rheumatoid arthritis. Said
depots are effective to slowly release the pharmaceutical agent comprised therein so
as to achieve a long acting effect. They comprise poly (DL-lactide-co-glycolide) and
are injected directly into the affected joint (intra-articularly).

In view of the teaching of D2-D8, the person skilled in the art, faced with the above
mentioned objective technical problem, would have been prompted to formulate the
compound (S)-5- fluoro-2- (1- (5- fluoropyridin-2- yl) ethylamino)-6- (5- isopropoxy-1H-
pyrazol-3-ylamino) nicotinonitrile in the form of a pharmaceutical depot comprising a

polymer (such as poly(DL-lactide-co-glycolide)), thereby arriving at the subject-matter
of claim 1.

It is also particularly worthy to note that document D1 discloses that (S)-5-fluoro-2-(1-
(5-fluoropyridin-2-yl) ethylamino)-6- (5-isopropoxy-1H- pyrazol-3- ylamino) nicotinonitrile
may be administered by injection into the joints. In view of the teaching of D2-D8, the
skilled person seeking how to formulate (S)-5- fluoro-2- (1- (5- fluoropyridin-2- yl)

Form PCT/ISA/237 (Separate Sheet) (Sheet 3) (EPO-April 2005)
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INTERNATIONAL SEARCHING '

AUTHORITY (SEPARATE SHEET) ‘ - PCT/GB2011/051357

ethylamino)-6-(5-isopropoxy-1H-pyrazol-3- ylamino) nicotinonitrile so as to be injected
directly into the joints would consider formulating said therapeutic agent in the form of
a depot including a polymer.

For these reasons, the subject-matter of claim 1 appears to lack an inventive step (Art.
33(3) PCT). o

6.2. The features of dependent claims 2-6 have already been employed for the same
purpose in the documents D2-D8. It would, therefore, be obvious to the person skilled
in the art to apply these features with their corresponding effect to the subject-matter
of D1, thus arriving at the subject-matter of claims 2-6 (Art. 33(3) PCT).

6.3. The pharmaceutical depot of claims 7-10 is being defined in terms of resuits to be
achieved, namely as being formulated for controlled and/or sustained release of the
pharmaceutical agent over a certain period of time. These, however, merely amount
to statements referring to the underlying problem with which the application is
concerned and are not considered as technical features when assessing the inventive
step of the present application. In view of this, claims 7-10 do not fulfill the
requirements of Art. 33(3) PCT.

6.4. The features of claims 11-16 are known from D1. Thus, no inventive step can be
acknowledged for these claims either (Art. 33(3) PCT).

6.5. Claim 17 is not new and, therefore, is not inventive either (Art. 33(3) PCT).

7. INDUSTRIAL APPLICABILITY (Art. 33(4) PCT)
Claims 1-17 satisfy the criterion of industrial applicability set forth in Art. 33(4) PCT.

Re item Vil
Certain defects in the international application

1. CLARITY (Art. 6 PCT)

Form PCT/ISA/237 (Separate Sheet) (Sheet 4) (EPO-April 2005)
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AUTHORITY (SEPARATE SHEET) PCT/GB2011/051357

The drawihg pages are presently numbered as 1/3, 1/3 and 1/3 whereas they should
be renumbered as 1/3, 2/3 and 3/3 (Art. 6 PCT).

Re item Vill

Certain observations on the international application

1. CLARITY (Art. 6 PCT)

The term "derivatives", in claim 2, renders its scope unclear, since it is not known to
the skilled reader which structures are intended to be encompassed by this term.
Terms like "derivatives" include compounds obtained from another compound by a
chemical reaction (including compounds which are structurally remote from the
starting material), functional derivatives (such as compounds wherein hetero- atoms
are exchanged by alternative atoms), compounds with numerous different types of
side groups, etc. Consequently, the subject- matter of claim 2 does not fulfill the
requirements of Art. 6 PCT. '

Form PCT/ISA/237 (Separate Sheet) (Sheet 5) (EPO-April 2005)
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ANEXO

El documento que acredita la. calidad dé REPRESENTANTES
LEGALES en Bogotd de los doctores ALICIA -LLOREDA y/o
GUSTAVO TAMAYO y/ é ICNACIO SANTAMARIA y/ o.
ENRIQUE ALVAREZ para ' TODOS LOS ASUNTOS
RELACIONADOS CON LA PRdPIEDAD__ INDUSTRIAL de la
sociedad peticionaria, que faéulta a cada -.ur.lo‘ de dichos abogados
para actuar individualmenté, se estd presentando con v'es"ca solicitud.
En consecuencia, ruego a usted reconocer la pe_réorieria de cada uno -
de dichos Representantes Legales para actuar dentro del presente
expediente, a fin de que cualqu‘ierav de ellos pueda _iritervenir en

cualquier tiempo respecto de la solicitud en él contenida.

& VYRS OVII
ARICIA LLOREDA RICA

T.P. No. 53.215 - |



TRADUCCION OFICIAL No. 2004-08-09-397 de un documento escrito en Inglés,
la cual para efectos del presente lleva el sello personal de Martha Lucia

Arciniegas M., Traductora e Intérprete Oficial en virtud de la Res 1523 /88 del
Ministerio de Justicia.

Legalizacion de un Poder de Representacion Legal conferido a: ALICIA
LLOREDA, y/o GUSTAVO TAMAYO, y/lo IGNACIO SANTAMARIA y/o ENRIQUE

ALVAREZ otorgado por AstraZeneca AB

Firmado por:

SIMON RICHARD REEVES

Certificacion Notarial
Ceriificacion de la firma precedente, debidamente legalizada por Notario Publico,

John Haig Ekserdjian

[Sello Lacrado de Notario Publico]
JOHN HAIG EKSERDJIAN

Notario Plblico de Wilmslow, Cheshire, Inglaterra

A=t
FAARTHA LUDIA ARCINIEGAS M.
TRADUCTORA E IHTERPREYE OFICIAL
RESOLUCION 1523/8i1 MIMIUSTICIA

AF



8.

9.

APOSTILLA
(Convencion de La Haya del 5 de Octubre de 1 961)
Pais: Reino Unido de Gran Bretafia e i'r!anda del Norte

Este documento publico

ha sido firmado por John Haig Erkserdjian

actuando como Notario Piblico ,

y lleva el sellc/estampilla ~ del Mencionado Notario Piblico
Certificado

en Londres 6. el 2 de agosto del 2004

Por el Secretario Principal de Su Majestad para Asuntos Exteriores y del

Commonwealth
Mo. G479581

Timbre/Sello 10. Firma

Aparece el Sello de la Oficina E.M. Fitzgerald

de Asuntos Exteriores y del Commonwealth

Segun mi leal saber y entender, ésta en una traduccion fiel y completa de

su original en inglés, de la cual se deja copia para futuras referencias.

e P e

1// C':L'.il..t:a.@f' e L & x’.i el

/" MARTHA LUCIA ARCHUEGAS M.
( TRADUCTORA E INTERPRETE OFCIAL
I'(ESOLllQQN'1523/38 MIRUSTICIA

T e

o



4.8 wgio fitmados,: AstraZensca AB, yna
sociedad organizada y existerie de

- ; ! o T e Qymmnd s
conformidad con lag leyes de Suecia,

con domicilio en

SE-15185% Sodercalie, Suecis,

nombramos por el presente a ALICIA LLOREDA ylo
GUSTAVO TAMAYO ylo IGNACIO SANTAMARIA
y/o ENRIQUE ALVAREZ, domiciliados en Bogota,
Colormbia, con oficinas en dicha ciudad, Calle 72 No.
5-83, piso 6o., nuestros representantes legales vy
verdaderos en Bogotd, con facultades para recibir
notificaciones y nombrar apoderados judiciales o
extrajudiciales, con el fin de dar cumplimiento al
paragrafo 1c. del articulo 543 del decreto 410 de

1971,

Los doctores ALICIA LLOREDA y/io GUSTAVO
TAMAYO y/o IGNACIO SANTAMARIA y/o ENRIQUE
ALVAREZ, o los apoderados que cualquiera de ellos
dasigne, quedan especialmente  facullados para

cpresentarnos ante las autoridades cofombianas,
‘Jmimstralivas, judiciales o de policia, en todos los

rarmiles relalivos a la propiedad industrial, a cuyo
efecto  les  facullamos para dar ante dichas
auvioridades lodos 1os pasos necesarios al objeto
indicado; elevar salicitudes, declaraciones, reclamos,
recursos  y  presentar  desistimientos:  formular
descripciones, enmiendas, limilar el alcance de [as
soliciludes y los registros, presentar oposiciones y
apeiacionss; instaurar cancelaciones, renunciar total
ooparcialmente a los registros, abonar todos los
impusslos y cuotas vy efectuar todo otro pago
determinado por la ley; recibir todos 1os documenlos
y valores, dando el descargo respectivo; llenar
cualesquiera olros requisitos y tormar, en fin, todas
ias medidas que creyeren conducentes al resguardo
de nuestros inlereses; y adicionalmente quedan
facultados para tormar intervencién COImo
demandantes o demandados ante los jueces que
sean compeientes, pudiendo transar, someter a

& Ditres, desisti, percibir, conciliar y apelar, con todas
‘3 demas facullades que resulien necesarias, y por
el presenie declaramos desde ahora vélido y bueno
cuanto dichos representantes y/o los apoderados que
Cualquiera de ellos nombre hicieren en nuestro
benaficic.

Asimismo, facultamos a los doctores ALICIA
LLOREDA yio GUSTAVO TAMAYO ylo IGNACIO
SANTAMARIA  y/o  ENRIQUE ALVAREZ, para
solicitar en la Oficina de Propicdad Industrial |a
protcolizacisn de este documento y de cualquier
poder qus cualquiers. de ellos otorgue a nombre
nuestro.

Dadoyfirmado el 22 de Julio de 2004
en Macclesfield, Inglaterva

-f &G

The undersigned, AstraZeneca AB, a corporation
organized and existing under the laws of
Sweden,

domiciled at

SE~15185, Sodertalje
Sweden

hereby appoint, ALICIA LLOREDA ylo GUSTAVO
TAMAYO y/o IGNACIO SANTAMARIA ylo ENRIQUE
ALVAREZ, of Bogota, Colombia, with offices in said
town, Calle 72 No. 5-83, Sixth Floor, our true and
legal representatives in Bogota, with power to receive
notifications and to appoint judicial or extrajudicial
agents, soas {o comply with paragraph 1o. of article
943 of decree 410 of 1971.

Doctors  ALICIA LLOREDA vyio GUSTAVO
TAMAYO y/o IGNACIO SANTAMARIA y/o ENRIQUE
ALVAREZ, or the agents hy any one of them
appointed, are especially empowered to represent.us
before the administrative, judicial or police authorities
of Colombia, in all proceedings pertaining to industrial
property, for which purpose we authorize them o take
before lhe said aulhorities all the necessary sleps for
the said end; to file petitions, declarations, claims,
recourses and withdrawals, to draw up specifications:
to file amendments, to limit the scope of applications
and registrations, file oppositions: file cancellations
total "or partially waive registrations, te pay all
installments and effect all other payments prescribed
by law; to receive proper receipts, to comply with ail
other requirements and, -in short, to take all those
measures which they may deem fit for (he protection
of our interests; and additionally we aulhorize szaid
agents to act on our behalf, as complainants as well
as defendants, before the competent judges, wiih full
powers to make arrangements, to submit to
arbitrators, to desist, to collect, to conciliate, to appeel
and, in short, with all such further powers as may be
required, and we hereby declare from now =n as valid
and good all that said representalives and/or the
agents by any one of them apjeinted may do for our
benefit.

We also authorize doctors AL'CIA LLOREDA
ylo GUSTAVO TAMAYO yio IZNAZIO
SANTAMARIA y/o ENRIQUE ALVAREZ, t¢ apphy for
protocolization of this document and o: any poveer of
attorney by any one of thern conferred ir cur nams,
before the Office of industrial Property.

v

Given and sigrwec‘l""fi"wis 29\(1 day of July 2004
at Macc]_esfie}__d__,/Eﬁg].and
\\\( LD e

e o

e

SIMON RICHAWD REEVES
Duly Authorised Signatory




L QERTIFICALO NOTARIAL (SOCIEDAD)

{ss

Hoy 26 de Julio de 2004, comparecio
Sirem Ricliard Reevas » @aquien conozco-y
de quien me consta que finmo el anterior documento,
y quien debidamente juramentado declard y dijo que
éles firmante autorizado.
de, AstraZenecs Ais,

la compaiiia nombrada en el documeriio que
antecede, una sociedad debidamente organizada y
existente conforme a las leyes de  Suecia

, domiciliada en la
ciudad de Vastra Malavehanmen G, Si-151
85 Sodertalie, Suvecia,
legalmente constituida para un periodo de du;acmn

que ain no ha lerminado, que ejerce su objeto social
conforme a las leyes de  Suecia

que el declatante estd autorizado por dicha
Compafiia para conferir este poder; que el sello
estampado por él al pie de tal poder, en nombre v en
representacion de la expresada Compaiiia, es el
sello oficial de ella; y que el objeto para el cual se
confiere este instrumento esta comprendido dentro
lef de la sociedad.

£l suscrito Notario ha visto los Estatutos de
incorporacion firmados en Stockholm

, con fecha Get. 31/19] 13
y cerlifica que de confoumidacl con la Iegislauon de
dicho Estado la anlerior declaracion juramentada es
prueba suficiente de que los hechos sobre que ella
versa son cierlos o verdaderos, de lo cual da fe.

Motary Public (Notario Publico).

_ NOT_ARIAL CERTIFICATE (CORPORATION)

{ss
e
A N
On this W{} dayof 1u1y : 200,
personally Simon Richard Reeves
came

)
--to me knowr, and known to me to be the person who

sigred the foregoing instrument, who heing by me
duly sworn did depose and say that he is the a

duly authorised signatory of, AstraZeneca AB,

the company named within, a Corporatior. organized
and existing under the laws of . Syeden i
, domiciled af
Vastra-Malarehamnen 9, SE-151 85 Sodertalje,
Sweden
legally constituted for a period of tenure not yet

expired, which exercises its corporate purposes
according to the laws of - Sweden

that the deponent is authorized by said Company to
confer this power of attorney; that the seal afiixed
hereunto by the deponent in the name and on behalf
of said Corporation is the corporate seal thereof, and
that the purpose for which this instrument is granted

is included within the corporate purposes o.,}-“ he
Company. o

The undersigned Notary Public has seen the articles
of Incorporation of said Corporation executed at

STOCKHOIM

1

under date of 31 October 1913 ,
and hereby certifies that under the laws of said State
the foregoing acknowledgment is sufficient proof that
the facts therein contained are true, which he attesl 3
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APOSTILLE
(Hague Convention of 5 October 196] / Convention de g Haye du 5 octobre 1961)

UNITED KINGDOM OF GREAT BRITAIN AND NORTHERN IRELAND

Country: Uniteq Kingdom of Great Britain and Northern Ireland
Pays: Royaume-Unj de Grande-Bretagne et d’frlande du Noed

This public document /1 ¢ présent acte public

3]

Has been signed by John Haig Ekserdjian
a & signé par

3. Acting in the capacity of Notary Public
agissant en qualité de )

4 Bears the scal/stamp of e Said Notary Publje
est revém du sceau/timbre de

Certified/Attests
5. atLondon/a Londres 6. thelle 02 August 2004

7. by Her Majestys Principal Secretary of Siate for Foreign ang Commoanweal(h Affairs /
par le Secrétaire d'Fat Principa) de S5 Majesté

8 Numbersous No : G*579981

9. Stamp:
timbge:

X Affaires Etrangéres et dy Commonweaith

TOMMOSS

. \///

For the SeCretusy of State 7 Py fe Seerétuire o 'Bgy

M this docrament is to be used in g coundry which is not party to the Iy
October 1961, it should be presented to the consulyy section of the mig
country. An apostille or legalisation certificate only confirms fat the sign
document is genuine, 1 does not mean that the contents of the documeny
Foreign & Commonwealth Office approves of the coutents.

g Convcntim_] of 5
si(m-rcprcscnting that
ature, seal or stamip on the
ars correct or that the




SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

NIT : 800.176.089-2
-/-

e
é\w
Industria y Comercio
SUPERINTENDENCIA

RECIBO DE CAJA

No. 12 - 136092

Bogota D.C., Diciembre 10 de 2012 - 11:29:57

RECIBIDO DE : LLOREDA & CiA. S.A.

NI 830.022.145

*** Soporte del Pago ***

TIPQ PAGO BANCQO CUENTA No PAGO FECHA PAGQO VR PAGO
CONSIGNACION BANCO DE BOGOTA 062754387 495405666 10/12/2012 9.870.000.00
, *** Conceptos Pagados ***
CANT. BENTISTICO CONCEPTOQ Vr UNDITARIO Vr.CONCFPTO
150005-01-09 QTROS SERVICIOS DE PROPIEDAD 99 OTROS SERVCIOS ADMINISTRATIVOS 500.000.00 500.000.00
$500.000.00

SON: **QUINIENTOS MIL PESOS MONEDA CORRIENTE***

4

Responsable:

/
Recibo de Caja Aplicado al Expediente No.

SUPERIN
B pre

i

N

Fecha: 2013.-01.23 16:372
Tra 11 PATENTENY |
Act. 411 PRESENTACION

i

TENDENCIA DE |

{

0. 13-015333- -00000

NDUSTRIA Y COMERCIO

il 11 i i
il e I"’”f’f”’
-0000
Dep. 2020 DIR,NUE'\:’ASCR

Eve: 378 FASEN, :
Folios: 81 ACIONAL

Sede Centro: Carrera 13 No. 27 - 00 Pisos 3,4,5 y 10 Bogota, D.C.- Colombia
Web: www.sic.gov.co e-mal: info@sic.gov.co Conmutador: (571) 5870000 Fax: (571) 5870284 Linea: 018000-910165 Call Center: (571) 6513240

, Diciembre 10 de 2012 - 11:30:00

&1



Industria 2

SUF’ER'NTENDENCIA DE H\.DL'STR‘A Y ("OME'.R(‘IO

o mcreio A TN, 13-015333-"-000000000 |

SUPC_PINTCNDENCIA

Fecha: 2013-01-28 16:37:35 Dep. 2020 DIR NUEVASCR
i Tra. 11 PATENTE!Y)! Eve: 378 FASENACIONAL]
W i Act. 411 PRESENTACION Folios: 81
PATENTE DE INVENGION i [ ] * MODELO DE UTILI.

- — -

AEERAE

Indioacién que se solicita una patente.

Datos de |dentmcacnon del sohcxtante o de la persona que presenta la solicitud
Descr1p01on de la mvenmon

Dibujos de ser estos pertinentes

Comprob:ante de pago-de las tasas establecidas (bq sér el caso formato de descuento)

Compietef; D L ) Incompleta D

PATENTE DE INVENCION PCT Ej MODELO DE UTILIDAD PCT |__| Art33 Decisién 488100, Circular Unica

@\E\B\ &\

lndicacién que se solicita una PCT

Copia d-ﬁ la solicitud en espafiol, tal,como fue presentada inicialmente (capitulo descrlptlvo
relvmdlcatono resumen)

Dibujos ge ser estos pertinentes

Comprobante de pagode las tasas establecidas (de ser el caso formato de descuento)

Complcta [ ' . Incompleta -

DISENO INDUSTRIAL [} ]

i

i

(Art, 119 Decision 486/00)

]
-
[
]

lndicacién que se solicita Disefo industrial
Datos de jdentificacién del sohmtante o de la persona que presenta la solicitud
Repreoentacxon graﬁca y fotograflca del Disefio industrial 0 muestra del material que incorpora el

: |
disefio .

Comprobante de pago de las tasas establecidas

.Comple:ta EJ ‘ ‘Incompleta. D

' ESQUEMA DE TRAZADO | ||

(Art. 92 Decisién 486/00)

0 0O k]

Indicacién que se.solicita un esquema de trazado

Datos d?e identificacién del solicitante o de la persona que presenta (a solicitud
Represéntacidn grafica de un esquema de trazado
i

Comprobante de pago delas tasas establecidas

Completa D - ' Incompleta D

PI02-F03 (2099-11-18)




