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Re:  Expediente No. 06-112.521
Solicitud de patente de invencion titulada: “3,4-FENILAMINO-QUINAZOLIN-6-
IL-AMIDAS”
Solicitante: WARNER LAMBERT COMPANY LLC
Nucstra Ref.: P2006/000227

RESPUESTA AL OFICIO No.07220, NOTIFICADO POR FIJACION EN LISTA No. 200,
DE FECHA 04 DE JUNIO DE 2010
(PRIMER EXAMEN DE FONDQO)

CARLOS R. OLARTE, mayor de edad y vecino de Bogota, identificado tal como aparece al pie
de mi firma, en mi1 caracter de apoderado de la sociedad solicitante, me permito manifestar lo
siguiente ante el auto emanado por ese Despacho, dentro del plazo legal de prorroga previsto en

el articulo 45 de la Decisidn 486, en los siguientes términos;

L. En primer lugar, y con el animo de brindar mayor claridad a la materia reivindicada, me

permito presentar un Capitulo Reivindicatorio Modificado, que reemplaza en su totalidad al

Capitulo Reivindicatorio presentado al momento de radicar esta solicitud.

Asf entonces, el Capitulo Reivindicatorio Modificado contiene los siguientes cambios:
- Se han eliminado las Reivindicaciones 1,2 y 6a 15;
- La antigua Retvindicacion 3 es la nueva Reivindicacion 1, con lo que se limitan los
sustituyentes RI, Rz, rR? y R*:
- adicionalmente se ha ajustado el alcance de las reivindicaciones dependientes segin la

nueva Reivindicacién 1.
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Valga anotar que las modificaciones efectuadas al Capitulo Reivindicatorio cumplen a cabalidad
con lo estipulado en el Articulo 34 de la Decision 486, ya que éstas de ninguna manera implican

una ampliacion de la proteccion correspondiente a la divulgacién contenida en la solicitud inicial.

2. a- El Examinador establece que las Reivindicaciones 8 a 12 no son patentables

puesto que reclaman métodos de tratamiento.

b- Considero superada la anterior objecion, en tanto que las Reivindicaciones 8 a 12

han sido eliminadas del Capitulo Reivindicatorio Modificado.

3. a- El Examinador argumenta que la patente W0O97/38983 (D1) afecta la novedad de

la presente invencion.

El Examinador anota que D1 ensefia compuestos de Férmula I, inhibidores irreversibles de

tirosina quinasas para el tratamiento de cancer y otras patologias:
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El Examinador establece que los elementos caracteristicos del compuesto de la Reivindicacidon 1
de la presente invencidn ya se encontraban divulgados en el estado de la técnica, y por lo tanto,

carece de novedad.

b- i) En primer lugar, debo aclarar que la presente invencién se ha limitado

exclusivamente a compuestos con la siguiente estructura fundamental:
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Estos compuestos actian como inhibidores irreversibles de segunda generacién sobre la famiha

de receptores erbB de la tirosinquinasa.

11) Ahora bien, en el presente caso, una persona medianamente versada en la
materia siguiendo las indicaciones explicitas de D1 no habria llegado a la combinaciéon de
sustituyentes caracteristicos de los compuestos de la presente invencidn, puesto que 46

compuestos de los 58 alli ilustrados muestran un nucleo 4-[3-bromofenil]laminoquinazolina,

mientras que la presente invencion se limita 4-[3-cloro-4-fluoro-fenillaminoquinazolinas, de

ninguna manera ilustradas en D1.

Adicionalmente, las enseflanzas de D1 no brindan motivacién alguna a la persona medianamente
versada en la materia a incluir en la posicién 6 de la aminoquinazolina una amida del acido 4-
piperidin-1-il-but-2-enoico, y en la posicion 7 un grupo alcoxi o metilsulfamlo. Por el contrario,
lo ilustrado por los compuestos mds cercanos a la presente invencion (Ejemplos 21-26 de D1) es
un grupo heterociclo de entre 5 y 6 miembros, unido a la posicion 7 del anillo quinazolina a
través de un grupo alcoxi, y en la posicion 6 el grupo acrilamida, como se muestra a

continuacion:

Compuesto de la Reivindicacion 4 Ejemplo 21

Eslas diferencias estructurales entre [os compuestos divulgados en D1 y la presente invencion,
permiten concluir que no hay ensefianzas que motiven a la persona medianamente versada en la
materia a sintetizar COmpuestos que:

- en la posicidn 6 del nucleo quinazolina incluyeran la amida del acido 4-piperidin-
1-il-but-2-enoico (un grupo voluminoso), en lugar de solamente el grupo
acrilamida ensefiado en D1 ;

- en la posicidn 7 del micleo quinazolina incluyeran un grupo alcoxi o metilsulfanilo
(grupo pequefio), en lugar de diferentes grupos voluminosos (imidazolilo -Ejemplo
25, piperazino-Ejemplos 23 y 24, v morfolino-Ejemplos 21 y 22, de D1) unidos a
través de un grupo alcoxi;

- en la posicion 4 del mismo nucico incluyeran un grupo 4-[3-cloro-4-fluoro-fenil],

en lugar de un grupo 4-[3-bromofenil], ilustrado en 46 ejemplos de 58, en D1.
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Las anteriores diferencias estructurales entre D1 y los compuestos de la presente invencion no

son_ensefiadas o siquiera sugeridas de ninguna manera en dicho documento. Adicionalmente,

llamo respetuosamente la atencion de ese Despacho al hecho que a partir de D1 no es posible
prever que ¢l compuesto reclamado en la presente solicitud exhibiria propiedades

sorprendentes ¢ inesperadas, tales como la mejora sustancial en la actividad antitumoral v perfil

y propiedades farmacodindmicas superiores evaluadas en diferentes ensayos in vifro € in vivo,
frenie al compuesto CI-1033, andlogo al Ejemplo 21 ilustrado en D1 (compuesto del arte previo

maés cercano), como lo explicaré mas adelante,

En conclusién, mientras el Examinador no presente pruebas concretas que demuestren que los
cambios estructurales que diferencian los compuestos de la presente invencion estaban
expresamente divulgados o sugeridos en el estado de la téenica, y sin que adicionalmente
compruche que existia una motivacion para efectuar dichos cambios esperando encontrar los
resultados alcanzados, la novedad y nivel inventivo debe ser reconocida. El Examinador parece
rechazar el principio establecido por el Manual Andino de Patentes que establece que un

compuesto tiene nivel inventivo cuando (i) el compuesto tiene estructura inesperada. o (ii)

cuando el compuesto exhibe un uso o un efecto sorprendente. !

i)  Es imperativo resaltar que la aproximacion que efectia la SIC para evaluar
la novedad de la presente invencién resulta inapropiada, puesto que el Tribunal Andino de
Justicia (TAJ) ha determinado que para establecer una objecion vélida contra la novedad, la

divulgacion det arte previo debe ser lo suficientemente detallada para que una persona versada en

la_materia pueda usar dicha informacién para reproducir y explotar la invencién.?

Adicionalmente, para determinar la novedad de una seleccion, debe cvaluarse si los elementos

seleccionados son revelados individual y concretamente en el arte prc:vio.3 En el mismo sentido,

el Manual Andino de Patentes (MAP) establece que una féormula general no afecta la novedad de

un compuesto o subgrupo de compuestos especificos.*

Ahora bien, el MAP igualmente establece que resultados y mejoras sorprendentes constituyen
indicios de no obviedad, de tal mancra que propiedades ventajosas constituyen indicios

aceptables de nivel inventivo®, al tiempo que sefiala que una seleccidn especifica es inventiva si

cxhibe un efecto o propiedad técnica no descrifa en el arte anterior v que ademas es inesperada.’

! Manual Andino de Patentes. OMPI, EPO, Secretar(a de la Comunidad Andina, 2004, Seccién 10.8.1.
2 Proceso 06-1P-89 (http://intranct.comunidadandina.org/Documentos/Procesas/209-1P-2005.doc);

y Proceso 36-1P-2004 (http://www notinet.com.co/serverfiles/servicios/archivos/30jul04/ca3 6-04.htm)
3 Guidelines for Examination in EPQ. Parte C, Capitulo 1V, 9.8.

* Manua! Andino de Patentes . OMPFI1, EPQ, Secretaria de la Comunidad Andina, 2004, Seccién 9.4.4.1.
* Manual Andino de Patentes. OMPI, EPQ, Secretaria de la Comunidad Andina. 2004. Seccion 4.6.1.

8 Manual Andino de Patentes . OMPI, EPO, Sccretaria de la Comunidad Andina, 2004 Seccion 10.8.
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En concordancia con todo lo anterior, la Oficina de Invenciones y Nucvas Tecnologias del Pert -
INDECOPI (Oficina Peruana de patentes), que valga subrayar, se rige por el mismo marco
normativo que la SIC (Decision 486), define, adopta y acepta ¢l concepto de invencion de
seleccién en cuanto a invenciones farmacéuticas, de manera que una solicitud inicial que divulga

una formula quimica general, no puede ser considerado como arte previo que afecta la novedad

de una solicitud posterior que se dirige a un subgrupo especifico de compuestos no divulgados

expresamente en la solicitud previa (es decir, no existe una divulgacién precisando cémo se

sintetizan tales compuestos, no simplemente que aparezcan incluidos como parte de una
descripcién general). Continda la Oficina Peruana de Patentes explicando que para determinar si
el subgrupo de compuestos reivindicados es nuevo, se debe evaluar cuidadosamente si en los

ejemplos de la solicitud anterior se ilustran compuestos que presentan las mismas caracteristicas

estructurales de los compuestos del subgrupo reivindicado en la solicitud posterior. Si no existe

tal divulpacién concreta, entonces éstos son considerados como una seleccidon nueva. La

evaluacion posterior de si los compuestos de la nueva seleccion presentan una actividad ¢ un

efecto técnico inesperado en comparacion con la divulgacion efectuada en la solicitud inicial,

brinda la base para el reconocimiento de la altura inventiva de la invencién reivindicada y su

patentabilidad.’

Asi las cosas, cuando una invencién dada se encuentra de manera general incluida en una
divulgacion mas amplia e inespecifica, pero la invencidn presenta aspectos especificos que no se

encuentran especificamente revelados en el arte previo y ademds proporciona un cfecto técnico

inesperado, su novedad y su altura inventiva deben ser reconocidas.

iv) La actividad de los compuestos reclamados en la presente invencion ha
sido evaluada en diferentes ensayos in vifro ¢ in vivo. Se adjunta a este memorial el articulo
“Antitumor activity and pharmacokinetic properties of PF-00299804, a second-generation
irreversible pan-erbB receplor tyrosine kinase inhibitor™, en donde se presentan los resultados de
cinco ensayos in vifro € in vive realizados para la molécula denominada PF-00299804, que hace
partc dc la presente invencién, y otras moléculas que presentan actividad sobre diferentes
receptores de la familia erbB, entre ellas, la molécula CI-1033 (andlogo al Ejemplo 21 de DI),
estaurosporina, erlotinib y gefitinib. A continuacidn se muestran la estructura molecular de

algunos de los compuestos mencionados:

7 www_bvindecopi.gob.pe/ponenc/2007/200708misol.ppt. Anélisis de los Requisitos de Patentabilidad Maria del

Carmen Misol Oficina de Invenciones y Nuevas Tecnologias Agosto 2007, Diapositivas 68-70 (Copia anexa).
" Gonzales A. ot al, “Antitumor activity and pharmacokinctic propertics of PF-00899804, a second-generation
irreversible pan-erB receptor tyrosing kinase inhibitor™. Molecular Cancer Therapeutics 7(7), pp 1880-1889 (2008).
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Ejemplo 21 de DI

Se evaluaron las moléculas PF-00299804 y CI-1033 (molécula estructuralmente similar al
compuesto mas cercano ejemplificado en D1) en diferentes modelos in vitro de xenoinjertos de
diferentes células cancerosas en ratones, en donde se evaluo el efecto antitumoral a través de 3
factores: incidencia de regresiones completas’ (CR), incidencia de regresiones parciales'o (PR) y

retraso en el crecimiento tumoral'! (TGD), encontrando lo siguiente:

— Ensayo con SKOV3'? (células de cancer ovdrico humanas que sobre-expresan 10s
receptores erbB2 de forma dramdtica, junto con valores detectables de los
receptores erbB1, erbB3 y erbB4): para la molécula CI-1033 se obtuvo un TGD
promedio de 6.5 dias, mientras que para la molécula PF-00299804 se obtuvo un
TGD entre 17.1 dias (para una dosis de 15mg/Kg) y 41.2 dias (para la dosis
miéxima 30mg/Kg), también se observé a una dosis de 30mg/Kg 6 regresiones
completas de 6;

— Ensayo con A431 (células de cancer de células escamosas humanas que sobre-
expresan los receptores erbB1, también expresan los receptores erbB2 y erbB3):
ambas moléculas resultaron activas en este modelo, sin embargo, la molécula PF-
00299804 demostré resultados pronunciados, ya que, primero, se¢ empezaron a
obtener resultados a una dosis de 1.2mg/Kg en donde e] TGD fue de 21 dias, y a
11mg/Kg se observd una CR y dos PR de ocho, asi como un TGD de mds de 45
dias, mientras la molécula CI-1033 mostré actividad a una dosis de 40mg/Kg a la

cual el TGD promedio fue de 26.6 dias, junto con dos PR de ocho;

? Regresiones completas se define como tumorcs que se han reducido en peso por debajo del limite de palpacion, en
minimo 7 dias.

' Regresién parcial se define como tumores que se reducen su peso inicial en mas del 50% y menos del 100%, cn
minimo 7 dias.

'' Retraso en el crecimiento tumoral se define como la diferencia promedio en dias para los tumores tratados y de
control para llegar a un tamafio especifico de evaluacion.

2 En los tres ensayos a los ratones sobre los que se realizo el injerto heterélogo se les administré una solucién de la
molécula una vez al dia durante 14 dias a diferentes dosis.
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Ensayo H125 (un tipo de c€lulas no pequenas de cdncer de pulmén NSCLC por
sus siglas en inglés, que expresan los receptores erbB2 y erbB3): para la molécula
PF-00299804 se observé un TGF de 9.1 dias a una dosis administrada de

30mg/Kg, mientras que la molécula CI-1033 se encontré no activa en este modelo.

Los anteriores resultados demuestran mejoras significativas en la actividad antitumoral a nivel in

vitro en donde se demuestra no solo que la molécula PF-00299804 resulta activa sobre la familia

completa de receptores erbB, sino que su actividad es superior a un andlogo del Ejemplo 21

ilustrado en D1, la moiécula CI-1033.

Se realizaron también dos ensayos para determinar la naturaleza irreversible del compuesto PF-

00299804;

cn el primero se preincuba la enzima erbB1 recombinante y el inhibidor (que para
el caso fue la molécula en estudio y el reconocido inhibidor reversible
estaurosporina), dicha mezcla se diluye 167 veces, y se determina la actividad de
la enzima. Los resultados (ver Anexo 1, Figura 1-A, pagina 1883) demuestran que

menos del 10% de la actividad de la enzima erbBl pudo ser recuperada en el

ensayo con el compucsto PF-00299804 (una muy poca cantidad), mientras que
para el inhibidor reversible estaurosporina se recuper6 mas del 70% de la actividad
enzimética. La molécula PF-00299804 fue disefiada para ser un inhibidor
reversible selectivo (porque otras enzimas que contienen el mismo sitio activo no
son inhibidas) que interactia covalentemente con los unicos residuos de cisleina
desapareados, especificamente en el bolsillo de union de ATP de la familia erbB
de receptores de tirosinquinasas;

el segundo cnsayo se realizé con el fin de determinar la inhibicidn in vitro de la
autofosforilacién inducida del receptor EGF, para esto previamente se determind
¢l ICsy del PF-0299804 gracias a la exposicién de células A431 al inhibidor en
diferentes concentraciones, seguido por la estimulacion del factor de crecimiento
epidermal (EGF, por sus siglas cn inglés). Las células se lisaron, y mediante la
técnica Western Blott se detectd v cuantificé el erbB1 fosforilado. Se encontrd
que ¢l compuesto PF-00299804 inhibe la autofosforilacion inducida de las células
A431 con un ICsy de 15.InM (ver Anexo 1, Figura 1-B, pagina 1883).
Posteriormente, las células A431 se pretrataron con una solucidn del inhibidor por
1 minuto, y posteriormente se lavaron por 2 horas con medio libre de inhibidor,
antes de estimular ¢l ligando EGE. Los resultados demostfraron que la molécula
PF-00299804 logrd inhibir completamente la autofosforilacion inducida de EGF

en células A431 luego de un minuto de exposicion, por el contrario, se realiza el
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mismo ensayo con el compuesto erlotinib (inhibidor de erbB1) que no mostréd
actividad inhibitoria en las mismas condiciones (ver Anexo 1, Figura 1-C, pagina

1883).

Adicionalmenie, para evaluar el perfil farmacodinamico superior de los compuestos de la
presente invencion, especificamente el compuesto PF-00299804, se realizaron los siguientes

ensayos:

— Estudio sobre muestras tumorales de SKOV3'?: se evalué la concentracién de las
moléculas en muestras tumorales y sus efectos en la fosforilacidén del erbB2, se
encontré que a una dosis de 30mg/Kg las concentraciones en ¢l tumor para el
compuesto PF-00299804 oscilaron entre un promedio de 5.8ug/mL, a las 48 horas
post-dostficactén y 40 pg/mL, a las 6 horas post-dosificacién (ver Anexo I, Tabla
2, pagina 1886). La fosforilacién del erbB2 en el aminodcido Tir'**® se inhibié en
un 67%, 99%, y 65% a las 6, 24 y 48 horas después de la dosificacidn,
respectivamente. En contraste, el compuesto CI-1033, administrado a una dosis de
40mg/Kg, se encontrd a las 6 horas a una dosis de 0.4pug/mL, y la inhibicién de la
fosforilacién de erbB2 fue de 56%, 64% y 62% a las 6, 24 y 48 horas después de la
dosificacidn, respectivamente (ver Anexo 1, Figura 2B y pdginas 1884 y 1885);

— Estudio sobre muestras tumorales de A431'*: Se cuantificaron dichos compuestos
en muestras tumorales y se¢ detectaron para el compuesto PF-00299804
(administrado a una dosis de 33mg/Kg) concentraciones que oscilan entre
L.Img/Kg (a las 48 horas post-dosificacion) y 10.8mg/Kg (a las 6 horas post-
dosificacion), mientras quc para el compuesto CI-1033 (administrado a una dosis
de 40mg/Kg) sélo se pudo detectar una concentracion de 0.2mg/Kg, a las 6 horas
post-dosificacién (ver Anexo 1, Tabla 2, pagina 1886);

— Finalmente, se realizaron estudios in vive en ratas, monos cynomolgus y perros
beagle en los que se demuestra que el compuesto PF-00299804 exhibe una mayor
biodisponibilidad oral (F>50%), un tiempo de vida media mas largo (T >12h) y
un volumen de distribucién mayor (V4> 171L/Kg) que el compuesto CI-1033 (ver

Anexo 1, Tabla 3, pagina 1887).

* Para la molécula PF-00899804 se administré por dos dias una dosis de 30mg/Kg, y para la molécula CI-1033 se
administrd por dos dias una dosis de 40mg/Kg.
" Para la molécula PF-00899804 s¢ administré por dos dias una dosis de 33mg/Kg, y para la molécula C1-1033 se
administrd por dos dias una dosis de 40mg/Kg.
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Teniendo en cuenta los ensayos anteriores, se puede demostrar que los compuestos de la presenie
invencion presentan ventajas terapéuticas sorprendentes frente a los compuestos del arte previo,
representados en el compuesto CI-1033 (estructuralmente similar al Ejemplo 21 de DI1),
estaurosporina y erlatinib, ya que no solo es inhibidor selectivo irreversible de todos los
receptores de la familia erbB, sino que ademaés, presenta una mejor actividad y pardmetros

farmacodindamicos al comprarse con dichas moléculas.

De mantener su posicién, solicito respetuosamente al Examinador indicar explicitamente las

ensefianzas de D1 que indican que los compuestos de la presente, que no fueron alli divulgados,
proporcionarian los anteriores resultados biologicos sorprendentes e inesperados. Es decir, el
Examinador debe proporcionar argumentos claros e inequivocos que expliquen las motivaciones
expresamente contenidas en el arte previo que necesariamente conduzcan a la persona

medianamente  versada en la materia a la invencion reivindicada, sin necesidad de

experimentacién adicional alguna, y con una expectativa de éxito indudable sobre los resultados

a alcanzar.

4, Por todo lo anterior, considero que las objeciones presentadas por el Examinador en su
examen de fondo No. 579 han sido resueltas y por consiguiente solicito respetuosamente que se
tengan por cumplidos los requisitos de patentabilidad, y se proceda con la concesion de la

patente.

Atentamente,

CARLOS R, OLARTE .
C.C. No. 79.782.747 de Bogota
TP. 74295
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Anexos:
e Capitulo Reivindicatorio Modificado
e Anexo 1: Gonzales A. et al, “Antitumor activity and pharmacokinetic properties
of PF-00899804, a second-generation irreversible pan-erB receptor tyrosine

kinase inhibitor”. Molecular Cancer Therapeutics 7(7), pp 1880-1889 (2008).
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CAPITULO REIVINDICATORIO MODIFICADO

(Primer Examen de Fondo)

1. Un compuesto de Formula
y F
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b ]
o
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o una sal farmacéuticamente aceptable del mismo, en donde

R; es un alquilo C;; lineal o ramificado, opcionalmente sustituido por uno o mas
halégenos;

Rs y Rg son seleccionados independientemente entre H, alquilo Cy 3, F, Br, 1o Cl;

XesO,SoNH;y

la linea punteada denominada a y b, cada una significada un doble enlace opcional,
con la condiciéon de que solo puede existir un Unico enlace doble sea a o b, en un

compuesto,

2. Un compuesto o sal de acuerdo con la Reivindicacion 1, o una sal
farmacéuticamente aceptable del mismo, en el que X es O y Rj es alquilo C.; lineal o

ramificado, opcionalmente sustituido por de uno a 3 haldgenos.

3. Un compuesto seleccionado del grupo que comprende:
[4-(3-cloro-4-fluoro-fenilamino)-7-metoxi-quinazolin-6-il]-amida  del 4cido 4-
piperidin-1-il-but-2-enoico;
[4-(3-cloro-4-fluoro-fenilamino)-7-metilsulfanil-quinazolin-6-il]-amida del 4cido 4-
piperidin-1-il-but-2-enoico;
[4-(3-cloro-4-fluoro-fenilamino)-7-metilamino-quinazotin-6-il]-amida del 4cido 4-
piperidin-1-il-but-2-enoico;
[4-(3-cloro-4-fluoro-fenilamino)-7-i1sopropoxi-quinazolin-6-il]-amida del acido 4-
piperidin-1-il-but-2-enoico;
[4(3-cloro-4-fluoro-fenilamino)-7-ethoxy-quinazolin-6-il]-amida  del 4cido  4-
piperidin-1-il-but-2-enoico;
[4-(3-cloro-4-fluoro-fenilamino)-7-propoxi-quinazolin-6-il}-amida del 4cido 4-

piperidin-1-il-but-2-enoico;
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[4-(3-cloro-4-fluoro-fenilamino)-7-metoxi-quinazolin-6-il]-amida del 4cido 4-(4-
fluoro-piperidin- 1 -il)-but-2-enoico;
[4-(3-cloro-4-fluoro-fenilamino)-7-metoxi-quinazolin-6-il]-amida del &cido 4-(3-
fluoro-piperidin- 1 -11)-but-2-enoico,
[4-(3-cloro-4-fluoro-fenilamino)-7-metoxi-quinazolin-6-il]-amida del acido 4-(2-
fluoro-piperidin-1-il)-but-2-enoico,
[4-(3-cloro-4-fluoro-fenilamino)-7-trifluorometoxi-quinazolin-6-il]-amida del 4cido
4-piperidin-1-il-but-2-enoico;
[4(3-cloro-4-fluoro-fenilamino)-7-fluorometoxi-quinazolin-6-ilf-amida del dcido 4-
piperidin-1-jl-but-2-enoico;
[4-(3-cloro-4-fluoro-fenilamino)-7-fluoroetoxi-quinazolin-6-il}-amida del acido 4-
piperidin-1-il-but-2-enoico;
[4-(3-cloro-4-fluoro-fenilamino)-7-(2-fluoro-etilsulfanil)-quinazolin-6-il]-amida del
acido 4-piperidin-1-il-but-2-enoico;
[4-(3-cloro-4-fluoro-fenilamino)-7-trifluoroetoxi-quinazolin-6-il]-amida del 4cido 4-
piperidin- I -il-but-2-enoico 4cido;
[4-(3-cloro-4-fluoro-fenilamino)-7-difluoroetoxi-quinazolin-6-il]-amida del acido 4-
piperidin-1-il-but-2-enoico,

o una sal farmacéuticamente aceptable de los mismos.

4. El compuesto [4-(3-cloro-4-fluoro-fenilamino)-7-metoxi-quinazolin-6-il]-amida del

acido 4-piperidin-1-il-but-2-enoico, o una sal farmacéuticamente aceptable del mismo.

5. Una composicion farmacéutica que comprende un compuesto, o una sal
farmacéuticamente aceptable del mismo, como se ha reivindicado en cualquiera de las

Reivindicaciones I a 4, y un vehiculo o excipiente farmacéuticamente aceptable.

o Aok ok ok ko o ok ko
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Abstract

Signaling through the erbB receptor family of tyrosine
kinases contributes to the proliferation, differentiation,
rmigration, and survival of a variety of cell types. Abnor-
malities in members of this receptor family have been
shown to play a role in oncogenesis, thus making them
attractive targets for anticancer treatments. PF-00299804
is a second-generation irreversible pan-erbB receptor
tyrosine kinase inhibitor currently in phase [ clinical trials.
PF-00299804 is believed to irreversibly inhibit erbB
tyrosine kinase activity through binding at the ATP site
and covalent madification of nucleophilic cysteine residues
in the catalytic domains of erbB family members. Oral
administration of PF-00299804 causes significant anti-
tumor activity, including marked tumor regressions in a
variety of human tumor xenograft models that express and/
or overexpress erbB family members or contain the double
mutation {LBS58R/T790M) in erbB1 (EGFR) associated
with resistance to gefitinib and erlotinib. Furthermore,
PF-00299304 shows exceptional distribution to human
tumor xenografts and excellent pharmacokinetic properties
across species. [Mal Cancer Ther 2008;7(7):1880-9]
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Introduction

The erbB receptor tyrosine kinase family, whose members
include erbB1 (EGFR, HER1}, erbB2 {neu, HER2), erbB3
(HER3), and erbB4 (HER4), consists of transmembrane
glycoproteins that transduce extracellular signals to the
nucleus when activated upon ligand binding. Activation of
these receptor tyrosine kinases leads to important pheno-
typic changes such as proliferation, survival, adhesion,
migration, and invasion, all of which play an important role
in the cancer process, Abnormalitics in erbB family
members, such as overexpression of receptors and/or
ligands, amplification, truncations, and activating muta-
tions have been well-documented in a variety of human
tumor types. Many groups have shown that patients with
tumors harboring abnormalities in these receptors {e.g.,
amplification of erbB2 in breast cancers) or patients with
tumors that coexpress more than one erbB family member
have a worse outcome than those with no abnormalities in
this receptor family. These findings make the erbB family of
receptor tyrosine kinases attractive targets for potential
anticancer therapies (1-4).

Numerous erbB receptor tyrosine kinase inhibitors are
currently in clinical development. Three such inhibitors
have been approved for use in cancer patients: gefitinib
(ZD-1839, Iressa; ref. 5), erlotinib (O51-774, Tarceva; ref. 6),
and lapatinib (GW572016, Tykerb; ref. 7), All three are
quinazoline-based reversible inhibitors. Gefitinib and erlo-
tinib are reported to be highly selective toward epidermal
growth factor receptor (EGFR) with little activity toward
other EGFR family members (8, 9), whereas lapatinib is a
dual erbBl/erbB2 inhibitor (10). All three inhibit the
tyrosine kinase activity of EGFR and /or erbB2 in a number
of human tumor cell lines and show antitumor activity as a
single agent (8-10) or in combination with cytotoxic agents
{11-13) in a variety of human tumor xenograft models.
Currently, gefitinib and erlotinib have been approved in
multiple countries for use in patients with chemotherapy-
refractory non-small cell lung cancer (NSCLC), whereas
lapatinib has been approved for use in combination with
capecitabine in patients with advanced or metastatic HER2-
positive breast cancer who have received prior therapy.
Therefore, targeting this receptor family is a proven
anticancer strategy (7, 14).

An intriguing retrospective finding from patients with
NSCIC treated with gefitinib or erlotinib shows that the
population of patients responding to these reversible EGFR
inhibitors contained somatic mutations in the kinase
domain of EGFR. These mutations have been shown to
increase sensitivity to gefitinib and erlotinib in witro, and
may predict sensitivity to reversible inhibitors in the
clinical setting (15-19). Patients who initially responded
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to gefitinib or erlotinib, but then subsequently relapsed,
were found to have gained a secondary mutation (T790M)
in the kinase domain of EGFR. This mutation has been
shown to confer resistance to inhibition by gefitinib or
crlotinib in cell culture systems likely due to conforma-
tional changes that lead to the steric hindrance of gefitinib
or erlotinib binding (20, 21). Additional mutations in
EGFRs, which have been reported by varicus groups, have
led to resistance to reversible anilinoquinazolines (20, 21).
Interestingly, these mutated receptors seem to be sensitive
to irreversible EGFR inhibitors, suggesting that irreversible
inhibitors may have utility in patients with tumors that
have acquired resistance to gefitinib or erlotinib (21, 22).

This report discloses the pharmacology of PF-00299804, a
second-generation irreversible pan-erbB receptor tyrosine
kinase inhibitor, and provides evidence that this compound
can potently inhibit wild-type erbB receptors as well as a
mutated form of EGFR associated with in vite resistance to
gefitinib or erlotinib. We describe excellent oral antitumor
activity with this agent in a variety of human tumor
xenograft models. We also show that this compound can
produce complete regressions in some tumor types, likely
due te the prolonged pharmacodynamic effects within the
tumor that correlate with marked distribution of com-
pound to the target tissue. Finally, PF-00299804 shows
superior antitumor activity and pharmacokinetic propertics
when compared with its predecessor, CI-1033,

Materials and Methods

Chemicals

PE-00299804, CI-1033, erlotinib (CP-358,744; Tarceva, OS5I
Pharmaceuticals), and gefitinib (ZD 1839; Iressa, AstraZe-
neca) were synthesized in the laboratories of Pfizer
Global Research and Development {(Ann Arbor, MI and
Groton CT).

Cell Cuhure

All cells, unless noted, were cultured in DMEM/F12
medium (Life Technologies) containing 10% fetal bovine
serum (Life Technologies) and 10 ng/mlL of gentamicin
{Life Technologies). Cells were incubated at 37°C in
5% COz.

Irreversibility Assessments for PF-00299804

To assess the irreversibility of enzyme inhibition by PF-
00299804, 167 nmol/L of G5T-erbB1 {23) was preincubated
with 825 nmol/L of PF-00299804 for 30 min on ice then
diluted 167-fold (final concentration in the reaction was
1 nmol/L GST-erbBl and 5 nmol/L PF-00299804). Enzyme
activity was assessed using the ELISA-based enzyme assay
format previously described (23). Staurosporine, a revers-
ible ATP-competitive inhibitor of kinases, was used at
identical concentrations as PF-00299804 and served as a
control in the studies, Results were plotted as a percentage
of the activity relative to DMSQO controls using, GraphPad
Prism 4.00 software (GraphPad Software, Inc.).”

* http:/ fwww.graphpad.com/
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To determine whether PF-00299804 could irreversibly
inhibit EGF-induced phosphorylation of EGFR in cells, a
sandwich ELISA approach with BioVeris technology using
A431 squamous carcinoma cells was employed as de-
scribed previously (23). In general, A431 cells were
incubated with 2 wmol/l. of PF-00299804 for varying
lengths of time (1, 5, 30, 60, or 120 min). Medium was
removed, and cells were repeatedly washed thrice with
serum-free and inhibitor-free medium every hour for 2 h.
After the last wash, cells were stimulated with 100 ng/mL
of EGF {Sigma) for 5 min at 37°C, and phosphorylation of
EGFR was assessed.

Inhibition of Receptor Autophosphorylation in A431
Cells

Immuncblotting procedures were used to assess the
in vitrg inhibition of EGF-induced receptor autophosphor-
ylation in the A431 squamous cell carcinoma line by PF-
00299804. Procedures followed those previously described
(24). To detect Ehosphorylated erbB1, anti—phosphorylated
erbBl1 (Tyrwé' ) from Cell Signaling Technology was
diluted in blocking buffer [3% bovine serum albumin,
50 mmol/L Tris {pH 8.0}, 150 mmol/L NaCl, 0.1% Tween
20, 10 mmol/L p-glycerophosphate, 1 mmol/L NaF, and
0.1 mmol/L Na3VQ,] according to the instructions of the
manufacturer. Total erbBl was detected using an anti-
erbBl (sc-03} antibody from Santa Cruz Biotechnology
diluted in Blotto (Pierce Biotechnology) according to the
instructions of the manufacturer. Goat anti-rabbit 1gG
coupled with horseradish peroxidase {Bio-Rad Technolo-
gies) diluted 1:10,000 in 3% bovine serum albumin buffer or
Blotto was used to detect anti-phosphorylated erbB1 or
anti-erbB1, and enhanced chemiluminescence (Amersham
Biosciences) was done according to the instructions of the
manufacturer. Phosphorylated erbB1 signals were quanti-
tated by densitometry using ImageQuant 5.0 software on a
Molecular Dynamics Personal Densitometer SI and nor-
malized to total erbBl. Total erbBl was detected after
stripping the phosphorylated erbE1 blot with Re-Blot Plus
(Chemicon International, Inc.). Data were graphically
displaycd as a percentage of the activity relative to DMSO
controls using GraphPad Prism 4.00, and ICsp curves were
fitted using a nonlinear regression model with a sigmeidal
dose-response.

Cell Proliferation Assays

The H1975 human NSCLC line was obtained from
American Type Culture Collection and maintained accord-
ing to their instructions. Cell proliferation was measured
using an MTT Cell Proliferation Assay kit obtained from
American Type Culture Collection and followed the
manufacturer’s instructions. Cell viabilities versus com-
pound concentrations were plotted using Graphl’ad Prism
4.00 software. ICsy curves were fitted using a nonlinear
regression model with a sigmoidal dose-response.

HumanTumor Xenograft Studies

Female severe combined immunodeficiency mice
(Charles River Laboratories) were used for xenograft
studies. The mice were housed and maintained in
accordance with Pfizer Institutional Animal Carce and Use
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Committee, State, and Federal guidelines for the humane
treatment and care of laboratory animals. Mice received
food and water ad {ibifum. All protocols involving animals
were approved by the Pfizer Research and Development
[nstitutional Animal Care and Use Committee. Xenograft
models H125, SKOV3, and Ad431 were established and
maintained as a serial in vive passage of subcutanecus
fragments (3 X 3 mm) implanted in the flank. H1975
tumors were generated by harvesting cells from mid-log
phase cultures using trypsin-EDTA (Invitrogen, Inc.). Five
million cells were injected s.c. into the right flank of each
mouse, Treatment was initiated when tumors in mice
reached a weight of 100 to 250 mg for antitumor efficacy
studies and pharmacodynamic studies.

All inhibitors were given p.o. once daily for the duration
indicated in the corresponding figure legend. PF-00299804
and CI-1033 were dissolved in 50 mmol/L of sodium
lactate buffer (pH 4.0), and erlotinib was prepared in a
5% aqueous Gelucire {Gattefosse) stock. Tumer weiéhl- was
calculated using the equation [length x (width)} / 2.
Treatments producing >10% lethality and/or >20% net
body weight loss were considered toxic. Antitumor effects
were mcasured as the incidence of complete regressions,
partial regressions, and tumor growth delay. Complete
regressions are defined as tumors that are reduced in
weight to below the limit of palpation. Partial regressions
are defined as tumors that are reduced by >50% but <100%
of their initial weight. A minimum duration of 7 days is
required for a complete regression or partial regression to
be considered durable. Tumor growth delay is the median
difference (in days) for the treated and control tumors to
reach a specified evaluation size (25, 26).

Statistical analyscs were conducted using GraphPad
Prism version 4.0. The effect of compound treatment on
tumor growth delays {SKOV3, A431, H125) and H1975
tumor volume changes were statistically analyzed with
one-way ANOVA with individual group comparisons
evaluated by Bonferroni’s mulliple comparison test. In
both tests, P < 0.05 was considered significant.

In vivo Assessment of Pharmacodynamic Effects

PF-00299804, CI-1033, or erlotinib were given to mice
implanted with SKOV3 or H1975 to assess modulation of
the erbB target m vivp. For pharmacodynamic studies
using the SKOV3 xenografi, mice were dosed cnce a day
for 2 days. For studies using the H1975 xenograft, mice
were dosed once a day for 14 days. Tumor samples were
harvested at vartous times after the last dose (6, 24, and
48 h for the SKOV3 line and 6 and 26 h for the H1975 line).
Excised tumors were immediately frozen in liquid
nitrogen and ground into a powder over liquid nitrogen
using a mortar and pestle. Powdcers (100-500 mg) were
suspended in 0.1 to 1.5 mL of ice-cold cell lysis buffer
[50 mmol/L Tris (pH 7.5), 150 mmol/L. NaCl, 5 mmol/L
EDTA, 50 mmol/L B-glycerophosphate, 0.1% SDS, 1%
Triton, 0.2% deoxycholate, 1 mmol/L. sodium vanadate,
and 1 EDTA-free Complete protease inhibitor tablet from
Roche} and homaogenized with a Polytron hand-held tissue
homogenizer. Protein concentrations were determined on

N

clarified lysales using a Bradford Protein Assay (Bio-Rad)
or BCA reagents (Pierce Biotechnology). For each sample,
50 pg of protein were denatured and separated by SDS-
PAGE. Proteins were transferred to 0.2-um nitrocellulose
membranes (Invitrogen). Anti-phosphorylated erbBl
(Tyr'"™) from Sigma-Aldrich, Co., was used to detect
phosphorylated erbB1 in the H1975 line, and anti-
phosphorylated erbB2 {Tyr'**%) from Celt Signaling Tech-
nology was used to detect phosphorylated erbB2 in the
SKOV3 model. Total erbB1 was detected using anti-EGFR
(sc-03) from Santa Cruz Biotechnology and lotal erbB2
was detected using anti-Her2/erbB2 from Cell Signaling
Technology. Immunoblotting procedures followed those
described above. Results were quantitated by densitome-
try using ImageQuant 5.0 software on a Molecular
Dynamics Personal Densitometer SI. Results were
expressed as a percentage of the signal compared with
the time-matched control after normalizing for total erbB
protein in each sample,

Pharmacokinetic Assessments

Male Sprague-Dawley or Wistar rats (Charles River
Laboratories), male purebred beagle dogs (Covance), and
male cynomolgus monkeys (Biomedical Resources Foun-
dation/Charles River Laboratories) were used for pharma-
cokinetic assessments. Animals were housed and
maintained in accordance with Pfizer Institutional Animal
Care and Use Committee, State, and Federal guidelines for
the humane treatment and care of laboratory animals. All
protocols involving animals were approved by the Pfizer
Research and Development Institutional Animal Care and
Use Committee. All animals were fasted overnight priot to
dosing the next morning, and food was withheld until
4 h following dosing. Water was allowed ad libitum
throughout the studies. For each study, blood samples
were collected from a jugular cannula into EDTA/ascorbic
acid tubes. Sampling occurred prior to dosing and at time
points up to 144 h after the i.v. and the p.o. dose. To assess
the concentration of PF-00299804 or CI-1033 in plasma or
human tumor xenograft powders, protein was precipitated
with acetonitrile {50 uL of plasma or 50 pg of tumor powder
+ 150 uL of acetonitrile), and 100 pL of sample was dried
down under a steady stream of nitrogen. Samples were
reconstituted with 100 pL of mobile phase [40:60 acetoni-
trile /10 mmol/L. ammonium formate (pH 3.5) with formic
acid]. Liquid chromatography-tandem mass spectrometry
was conducted using a Sciex API 4000 equipped with a
Leap Technologies CTCPAL autosampler and a Shimadzu
LC-10Avp Pump.

Results

PF-00299804 Irreversibly Inhibits EGFR Kinase
Activity

To experimentally confirm the irreversible nature of
PF-00299804, 167 nmol/L of purified enzyme was preincu-
bated for 30 minutes with 825 nmol/L of PF-00299804. The
enzyme/inhibitor mixture was diluted 167-fold then
evaluated in an ELISA-based enzyme assay. Under these
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assay conditions, PF-00299804 was diluted to levels below PF-00299804 Has Potent Antitumor Activity in
its ICgy in the final assay conditions to allow for enzyme Human Tumor Xencgraft Models Expressing erbB
activity to return near control levels if the compound Family Members

bound reversibly, In samples pretreated with PF-00299804, PF-00299804 was evaluated along with CI-1033 in a

<10% of erbB enzyme activity was recovered following variety of human tumor xénograft models that express or
dilution (Fig. 1A}, unlike the reversible kinase inhibitor overexpress erbB family members. PF-00299804 exhibited
staurosporine in which >70% of the erbB enzyme activity  antitumor effects superior to CI-1033 in three different

was recovered under identical assay conditions, xenograft models (Table 1). In these models, the therapeutic
PF-00299804 Irreversibly Inhibits Autophosphoryla- activity of PF-00299804 ranged from delayed progression to
tion of EGFR in Cells complete regressions. PF-00299804 was most active in

PF-00299804 inhibited erbB1 autophosphorylation in the  models that overexpressed erbB family members, and the
A431 human squamous cell carcinoma line with an ICsg of  inhibitory effects lasted throughout the compound admin-
15.1 nmol/L {Fig. 1B). A second experiment was conducted  istration. PF-00299804 was tolerated at doses as high as
using the A431 cells to assess the irreversible nature of 30 mg/kg in all models evaluated. At this dose, an average
PF-00299804 inhibition. Cells were exposed to 2 umol/L of  of 19% mean body weight loss (from initial body weight at
PF-D0299804 for varying lengths of time (1-120 min). study initiation) was observed (with no lethality). All body
Medium containing the inhibitor was then removed, and weight loss was recovered following cessation of treatment.
cells were extensively washed for up to 2 hours. When cells In experiments using the SKOV3 human ovarian carci-
were stimulated with EGF, no erbB phosphorylation was noma xenograft, which dramatically overexpresses erbB2
detected in cells exposed to PF-00299804 for as little as along with detectable levels of erbB1, erbB3, and erbB4 (27),
1 minute, The reversible EGFR inhibitor erlotinib did not PF-00299804 and C1-1033 were given p.o. once per day for

show inhibitory activity under the same assay conditions 14 days. CI-1033 was marginally active in this model,

(Fig. 1C}. exhibiting an average tumor growth delay of 6.5 days.
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Figure 1. PF-00299804 irreversibly inhibits erbB1 activity in vitro. A, 8 GST-erbB1 enzyme/inhibitor mixture was preincubated on ice for 30 min at
167> concentration, The enzyme/inhibitor mixture was then dituted to 1> soncentration, and enzyme activity was assessed as described in Materials and
Mathods. Enzyme activity was not significantly recovered in samples preincubated with PF-00289804. Cofumns, mean; bars, 1 SD {n = 3}. B, A431 cells
vrare reated with varying concentrations of PF-00299804 (2, 8.2, 18.5, 55.6, 166.7, and 500 nmol/L) for 2 h followed by EGF stimulation (20 ng/mL} for
5 min. Cells were lysed, proteins were separated by SDS-PAGE, and phasphorylated erbB1 (Tyr'?%%) was detected using Westermn blatting techniques. The
phosphorylated erbB1 signal was quantitated using densitometry and normalized to total erbB1. Data were graphically displayed as a percentage of activity
relative ta DMSO contrals using GraphPad Prism 4.00, and ICgq curves were fitted using a nonlinear regression model with a sigmoidal dose-response. PF-
00298804 inhibited EGF-induced autophosphorylation in A431 cells with an ICgse = 15.1 nmol/L. Fuli-length blots are presented in Supplemental Fig. 81,
C, A431 cells were pretreated with 2 jmal/L of drug for 1 min and then extensively washed for 2 h before stimulatien with EGF ligand. PF-00295804 was
able te completely inhibit EGF-induced autophasphorylation in A431 cells after 1 min of exposure. Cofurmns, percentage of phosphaorylation retative to the
DMSO controls, Results were reproduced in at least two independent experiments.
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However, treatment with PF-00299804 led to tumor growth
delays that ranged from 17.1 days (15 mg/kg) to 41.2 days
(30 mg /kg). Complete tumor regressions were observed at
doses as low as 15 mg/kg of PF-00299804. At the maximum
tolerated dose of 30 mg/kg, there were six of six complete
tumor regressions seen with PF-00299804 (Table 1; Fig. 2A).
Incorporated into this study were experiments evaluating
concentrations of PE-00299804 and CI-1033 in tumor
samples and the effects of these compounds on erbB2
phosphorylation. Following two daily doses of the effica-
cious and tolerated dose of 30 mg/kg PF-00299804, tumor
concentrations ranged from an average of 58 pg/mL
{48 hours post-dose) to 40 ug/mL (6 hours post-dose;
Table 2). ErbB2 phosphorylation at Tyru""B was inhibited an
average of 67%, 99%, and 65% at 6, 24, and 48 h after dosing
with 30 mg/kg of PF-00299804, respectively (Fig. 2B} In
contrast, tumor concentrations of CI-1033 from mice given
40 mg/kg of CI-1033 once a day for 2 days could only be
detected 6 hours after dosing and at significantly lower
levels (0.4 ug/mL; Table 2). Cl-1033 only inhibited
phosphorylated-erbB2 by 56%, 64%, and 62% at 6, 24, and
48 hours post-dose, respectively (Fig. 2B).

In experiments using the A431 human squamous cell
carcinoma xenograft mode] which overexpresses erbBl and
also expresses erbB2 and erbB3 (27), PF-00299804 and CI-

1033 were given p.o. once a day for 14 days, Antitumor
effects were seen with both compounds but were much
more dramatic with PF-00299804 in which an average tumor
growth delay of 21 days was observed at doses as low as
1.2 mg/kg. At 11 mg/kg of PF-00299804, one of eight
complete regressions and two of eight partial regressions
were observed along with a tumor growth delay of
>45 days. CI-1033 showed antitumor activity against the
A431 human tumor xenograft at a 40 mg/kg dose, in which
an average tumor growth delay of 26.6 days was observed
along with two of eight partial regressions (Table 1).
Inhibitor concentrations in tumors were also assessed in
this model. After two daily doses of 33 mg/kg PF-00299804,
tumor drug concentrations ranging from 1.1 pg/mL
{48 hours post-dose) to 10.8 ng /mL {6 hours post-dose} could
be detected. In contrast, C1-1033 given once a day for 2daysat
a 40 mg/kg dose could only be detected in tumors 6 hours
after dosing and at significantly lower levels (0.2 pg/mL),
similar to what was seen with the SKOV3 model (Table 2).

Finally, PF-00299804 and CI-1033 were evaluated in the
H125 human NSCLC cell line that expresses erbB2 and
erbB3 (in-house observations). After 14 days of p.o. daily
dosing, a tumor growth delay of 9.1 days was observed at
30 mg/kg PF-00299804. CI-1033 was not active in this
model (Table 1).

Table 1. Spectrum of antitumor activity for PF-00299804 given p.o. in nonclinical human tumor xenograft models
Tumor* Dose of PF-00299804 {mg/kg) Schedule Weight change {%}' CR? PRS TGDI
SKOV3S 65 qDX14 -23.6 {(41) 6/6 0/6 79.3%*
30 -19.9 (35) 6/6 0/6 412
15 ~15.8 {35) 2/6 3/6 17.1*
75 —8.0 {28) 0/6 0/6 2.3
40 mg/kg of C1-1033 —8.1 {35 0/6 0/6 6.5
Lactate —-1.9(28) 0/12 0/12
A431m 100 qIDX14 -20.0 {34) 3/8 2/8 >69*% 1
33 -18.4 (34) 0/8 1/8 50.0*
11 -5.1 (34) 1/8 2/8 45.1**
3.7 + 0/8 1/8 30.3**
40 mg/kg of CI-1033 —4.0 (34) 0/8 2/8 29.6%*
Lactate + 0/8 0/8
H125% 65 qiDX14 -19.5 (41) 0/8 a/8 10.200
3Q -19.4 (37) 0/8 /8 9.1t
15 -11.3 (37) 0/8 0/8 3.6
7.5 —4.9 (27) 0/8 a/8 1.7
40 mg/kg of CI-1033 —5.0 (37) 0/8 0/8 38
Lactate 3.4 (27) 0/16 0/16

'In all experiments, severe combined immunodeficiency mice bore subcutanesus tumor implants, Treatment was initiated when tumors were 200 1o 250 mm?®,

Animals per graup ranged from 6 to 16 mice.

"Percentage of maximum weight change from mean group weight at initiation nf treatment. Numbers in parentheses represent the day maximum percentage

of weight chanpe was cbserved.

A complete response represents a tumor that decreased in mass at least 75% compared with the tumor mass at initial treatment (e.g. <60 men®).

kA partial response reprosents a fumor that deereased in mass by at least 50% compared with the tumor mass at injtial treatment.

IMumar growth delay (TGD) is the difference, in days, for the median treated and control tumors to reach a fixed evaluation size (750 or 1,000 mm?),
TSKOV3 is a human avarian carcinoma that overexpresses erbB-2, See Fig, 2A for tumar growth curves.

“Tumor growth delay significantly increased (P < (1001 by ane-way ANGVA) relative to the control group.

1 A431 is a human squamous cell carcinoma that overexpresses erbB-1. See Supplementat Fig. 3A for tumor growth curves.

1 Two pout of cight animals were tumor-free 60 d after the last day of dosing.

$8H125 is a NSCLC that expresses erbB-2 and erbB-3, See Supplemental Fig. 3B for tumor growth curves.
ITumor growth delay significantly inereased (P < 0.05 by one-way ANOVA) relative to the control group.
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Figure 2. Therapeutic and pharmacodynamic effects A 1200
of PF-00299804 and CI-1033 on SKCWV3 human
ovarian carcinama xcnografis. A, female severe com-
bined immunodeficiency mice were implanted s.c. with
SKOV3 tumer fragments, Daily p.o. treaiment {(qDX14)
with PF-00299804 or CI-1033 began when tumors
reached ~ 200 to 250 mg. Points, mean tumaor volume;
bars, SE (6 mica per treatment group; 12 mice in the
vehicle-control groupl. B, female severe combined o
immunedeficiency mice implanted s.c. with SKOV3 20
tumor fragments received two daily p.o. treatments of
PF-00299804 when tumors reached 200 to 250 mg.
Tumors were collected 6, 24, and 48 h after the second

dose of compound, and then frozen and ground into B
powder., Tumor powders were lysed, proteins were
separated by SDS-PAGE, and phosphorylated and total

800

Tumor Volume (mm’)
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erbB2 were defected using Western bfotting techni-
ques. Phosphorylated erbB2 (Tyr'?*%) signal was quan-
titated using densitometry and normalized to total erhB2

signal. More than 99% inhibition of phosphorylated a
erbB2 was seen 24 h post-dose {30 mg/kg) of PF-
00299804, whereas it was only inhibited by 649% 24 h
post-dose in mice given 40 mg/kg of CI-1033. Full-
length blots are presented in Supplemental Fig. 2.

PF-00299804 Shows Dramatic Effects In vitro and
In vivo against NCI-H1975 Cells Containing the EGFR
L858R, T790M Mutation

To test whether PF-00299804 is able to overcome
resistance caused by the T790M mutation, PF-00299804
was evaluated along with gefitinib in MTT proliferation
assays using NCI-H1975 cells, which harbor both 1L858R
and T790M mutations in erbBl. As shown in Fig. 3A, NCI-
H1975 cells were resistant to gefitinib but sensitive to PF-
00299804, with an ICsy of 0.2 pmol/L.

PF-(0299804 was evaluated in vivo along with erlotinib to
assess the effect of these inhibitars on the growth of NCI-
H1975 bronchoalvenlar cancer xenografts in nude mice. PF-
00299804, given p.o. daily at 7.5 and 15 mg/kg, resulted in
an inhibition of tumor growth on the last day of treatment
that was equivalent to 41% and 77% (P < 0.05), respectively,
whereas erlotinib treatment was ineffective at similar doses
(Fig. 3B). Biochemical analysis of tumor lysates obtained
from mice on the last day of dosing showed dose-dependent
and time-dependent inhibition of phosphorylated erbB1 in
PF-00299804 ~treated groups (Fig. 3C). Inhibition of phos-
phorylated erbBl at 2 and 26 hours post-dose was 69%
and 78%, respectively, in the 7.5 mg/kg dose group and 91%
and 97%, respectively, in the 15 mg/kg dose group.
Inhibition of phosphorylated erbB1 was not observed with
erlotinib treatment (Supplemental Fig. $4).5

PF-00299804 Shows Excellent Pharmacokinetic
Properties Across Species

Detailed pharmacokinetic studies with PF-00299804 and
CI-1033 were completed in rats, monkeys, and dogs. The
results are listed in Table 3. In summary, high bicavail-
ability (>50%), long {1, (>12 hours), and a large volume of
distribution (>17 L/kg) were observed with PF-00293804

('Supplcmcnl:lry material for this article is available at Molecular Cancer
Therapeutics Online (http://met.aacrjournals.org /).
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across all species tested, whereas much lower values were
seen for these end points with CI-1033 (Table 3}.

Discussion
PF-00299804 is a second-generation quinazoline-based
irreversible inhibitor that is structurally related to Cl-
1033. Tt potently inhibits erbB1, erbB2, and erbB4 with ICsy
values of 6.0, 45.7, and 73.7 nmol/L, respectively (28). It
shows excellent potency in in vitro cells, and a breadth of
activity in a range of in vive human xenograft models.
PE-00299804 shows prolonged pharmacoedynamic effects
in vitre and in vivo when compared with reversible
inhibitors and CI-1033, which is likely due to the irreversible
nature of the compound as well as the favorable pharma-
cokinetic properties it displays across all species tested.
PF-00299804 was rationally designed to be an irreversible
inhibitor that could covalently interact with a unique
unpaired cysteine residue within the AT binding pocket
of the erbB family of receptor tyrosine kinases. As
sugpested by the proposed binding mode of PD163393, a
6-acrylamido-4-anilinoquinazoline, the key nucleophilic
amino acid in the ATP pocket of erbBl is Cys”” (29). The
analog;ous residues in erbB2 and erbB4 are Cys™ and
Cys”™, respectively (30). The irreversible nature of PF-
00299804 was confirmed in the present study using two
methods; (1) after preincubating recombinant erbBl en-
zyme with inhibitor for 30 minutes then diluting the
enzyme/inhibitor mixture 167-fold, little enzyme activity
could be recovered, and (b} after A431 cells were exposed
to inhibitor for 1 minute and cells were washed multiple
times with inhibitor-free medium over the course of
2 hours, no EGF-induced autophosphorylation could be
detected. Covalent interaction of PF-00299804 with the erbB
kinase domain seems to be selective of the erbB family
members because other enzymes that contain analogous
cysteine residues in their ATP pocket {e.g., JAK3; ref. 31)
were not inhibited by PF-00299804 (28).
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Table 2. Tumar concentrations of PF-00299804 or CI-1033 in nonclinical human tumor xenograft models

Tumor Compound Tumaor congentration of compound {ug eq/g)*
6h 24 h 48 h
SKOV3! 30 mg/kg PF-00299804 40 1.7 58
15 mg /kg PF-00299804 86 4.0 1.0
7.5 mg/kg PF-00299804 3.0 1.3 02
40 mg/kg C1-1033 04 BLQ BLQ
Ad31 33 mg/kg PF-00299804 10.8 4,2 1.1
11 mg/kg PF-00299804 41 0.6 0.1
3.7 mg/kg PF-00299804 0.4 BLQ BLQ
40 mg/kg CI-1033 0.2 BLQ BLQ

Abbreviation: BLQ, below the limit of quantitation < 0,0244 pg eq/g.

*Animals were dosed once a day for 2 d. Tumor samples were collected &, 24, and 48 h after the last dose on day 2. Values represent the average data from three
mice of extractable drug that is not covalently bound te receptor or nonspecific targets, as deseribed in Materials and Methods.

'3K0OV3 is a human ovarian carcinoma that overexpresses erbB-2.

*A431 is a human squamous cell carcinoma that averexpresses erbB-1.

One potential advantage offered by the irreversible synergistically to transform cells in culture (32-34). Clinical

kinase inhibitor PF-00299804 is its ability to potently inhibit
all catalytically active erbB family members. A strong body
of evidence indicates that the erbB receptors can act

investigations have shown that multiple erbB family
members can be expressed in a variety of cancers, and
patients with cancers overexpressing more than one family
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Figure 3. Antipraliferative, therapeutic, and pharmacodynamic affacts of PF-00298804 on the NCI-H1875 human NSCLC line harboring the EGFR
T790M mutation. A, log-phase cells in culture were expased to varying concentrations of gefitinib or PF-00299804 for 72 h as detailed in Materials and
Methods. Cell preliferation was measured using an MTT Cell Proliferation Assay kit ohtained from American Type Culture Collection. Data were graphically
displaved as a percentago of viability relative to DMSQ controls using GraphPad Prism 4.00. [Cgg curves were fitted using a nontinear regression madel with a
sigmoidal dose-responsa. NCI-H1975 cells ware rasistant to gefitinib treatment; however, PF-00299084 inhibited tha proliferation of NCE-H1975 colls with
an ICgo of 0.2 pmal/L. B, female NCr athymic mice wore implanted s.c. with 5 10° H1975 cells. PF-00299804 (7.5 and 15 mg/kg) and erlotinib {10 and
20 mg/kg) were given p.o. daily for 14 days, beginning when tumors in mice reached 100 to 200 mg. Foints. mean; bars, SE (eight mice paer reatment
group). C, modulation of phospharytated EGFR (Tyr'9%%) by PF-00299804 in NCI-H 1975 xenografts was assessed from tumars collected 6 and 24 h after
the last dose given in the efficacy study in B. Tumor powders were lysed, proteins were separated by SDS-PAGE, and phosphorylated erbB1 [Tyr'9%8) was
detected using Western blotting techniques. Phosphorylated erbB1 signal was quantitated using densitometry and normalized to total erbB1, Total erbB1
was detected using similar Western blotting techniques after stripping the phosphorylated erbB1 blot. Each lane represents an independent excised tumaor.
More than 95% inhibition of phosphorylated erbB1 was seen 24 h post-dose (15 mg/kgl. Full-length blots are prosented in Supplemental Fig, 4,
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Table 3. Mean pharmacokinetic variables in rat, dog, and monkey

Molacular Cancer,

Dose (mg/kg/d) Route  Cou (ng/ml)  AUC* (ugh/ml}  CL (mL/min/kg) Vae (L/kg)  hpath)  F (%)

Species
PF-00299804
Rat! 50 p.o.¢ 0.630 205 194 80
Dog 508 p.o.: 0.87 252 20.9 74
Monkey 25 po.t 0.217 535 12.1 S&
Rat* 5 il 206 4.1 342 9.8
25 ivlh 11.3 326 39.8 16.7
Daog 5 ivld 342 24.4 28 15.9
Monkey 5 ivl 1.90 44.1 17.3 57
Cl-1033
Ratt 7.86 p.o.’ 0.54 1.19% 12 3.8
39.3 p.o.} 2.00 6.63 14 38.5
Dog 5 p.o.} 0.098 012 0.63 30.5
Monkey 5 p.o.? 0.013 0.04 26 7
Rat¥ 1 vl 0.44 38.2 157 0.73
5 ivl 1.98 42.1 201 1.8
Bog 5 ivl 0.38 222 10.4 0.81
Monkey 5 Lvl 0.50 167 8.0 11

*AUC (0-144 h) reported.
Sprague-Dawley rats,

*p.o. dosing vehicle: 5% PEG200/95% methyleellulose (0.57%) for PF-00299804, 0.5% methyleellulose in water for Ci-1033.

YFed condition, milled to reduce particle sizes.

Ii.v. dosing vehicle: 100% 50 mmol/L of lactic acid {pH 4.0) for PF-00299804, 5% dextrose water adjusted to pH 4.0 with 1.0N HCI for CI-1033,

Wistar rats.
"AUC (0-o0) reported.

member have a significantly poorer outcome than those
with tumors overexpressing just one family member
(35-37}. Investigations into the utility of inhibiting both
¢rbBl1 and erbB2 in vitro, have provided further support for
the inhibition of multiple erbB family members (38).
Blockade of erbBl and erbB2 receptors with gefitinib
(Iressa) and trastuzumab (Herceptin), respectively, showed
synergistic apoptotic effects in the SK-Br-3 and BT-474
breast carcinoma cells, which express multiple erbB family
members (39). Synergistic antiproliferative effects were
seen with erbBl and erbB2 blockade using anti-EGFR
monoclonal antibody C225 and anti-HER2Z monoclonal
antibody 4D5 {40). These findings have provided some of
the scientific rationale for inhibiting multiple erbB family
members either using combination approaches, by design-
ing molecules that have dual erbB1/erbB2 kinase inhibition
such as lapatinib, or by designing pan-crbB kinase
inhibitors, as can be achieved with the irreversible
4-anilinoquinazolines (29).

In addition to patently inhibiting all catalytically active
erbB family mernbers, another attractive property exhibited
by PTF-00299804 is the prolonged pharmacodynamic effects
seen with this compound, in vitro and in vive. Suppression
of EGF-stimulated erbB1 phosphorylation was achieved in
A431 cells for at least 2 hours after only 1 minute of
exposure to PF-00299804. Prolonged suppression of erbBl
and erbB2 kinase activity was also seen in vive when PF-
00299804 was given to mice implanted with either the
H1975 human NSCLC line or the SKOV3 human ovarian
carcinoma line. Suppression of erb phosphorylation by
2Y7% could be seen for at least 24 hours after dosing with

either 15 mg/kg of PF-00299804 in the H1975 line or with
30 mg/kg of PF-00299804 in the SKOV3 line. These
pharmacodynamic effects were supcerior to the effects
produced by erlotinib or CI-1033 when these compounds
were tested head-to-head with PF-00299804. The excellent
pharmacodynamic effects seen with PF-00299804 may be
due to the desirable pharmacokinetic properties such as
long half-life, high volume of distribution, and high
bioavailability that allows for significant distribution of
the compound to the tumeor and maximal inhibition of erbB
activity in cancer cells after once a day p.o. dosing.

Prolonged target suppression, as seen with the irrevers-
ible inhibitor PF-00299804, will likely be required for
maximum antitumor activity. PF-00259804 showed excel-
lent activity in a variety of xenografts. Partial regressions as
well as complete regressions were seen in mice bearing the
A431 human squamous cell carcinoma or the SKOV3
human ovarian car¢inoma line. Studies have shown that
erbB2 expression is rate-limiting for the in vivo growth of
the SKOV3 tumor, and the turnover of erbB2 in this
xenograft line is unregulated (26, 41). It is likely that certain
types of human tumors may have fast rates of receptor
turnover, as seen with these xenograft lines. Therefore, if
significant levels of inhibitor can reach the tumor and
remain present, new receptor activity can be inhibited
between dosing, and prolonged target suppression can
occur, even in tumors that begin synthesizing new receptor
within 24 hours.

PF-00299804 is currently in phase [ clinical trials (42).
Other irreversible erbB inhibitors in development include
BIBW-2992 (43) and HKI-272 (44). Both show inhibitory
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activity toward erbB1 and erbB2 enzyme. Inhibition toward
erbB4 enzyme has not been disclosed for these compounds.
The activity of HKI-272 in human tumor xenograft models
has also been disclosed (44). This compound shows activity
in a variety of human tumor xenografts, including A431,
BT474, SKOV3, and those harboring EGFR-activating
mutations. In studies with HKI-272, regressions were not
seen, which is in contrast to studies with PF-00299804 in
which partial or complete regressions were routinely seen
in these same models at tolerated doses. Jun zive pharma-
codynamic assessments of MKI-272 evaluating phosphory-
lated erbB2 in the BT474 model showed complete target
suppression lasting only 1 hour after dosing (44), whereas
PF-00299804 suppressed phospherylation of erbB2 by >99%
in the SKOV3 human tumor xenograft 24 hours post-dose
at a tolerated therapeutic dose in the present study. The
superior pharmacodynamic effects and pharmacokinetic
properties of PF-00299804 across nonclinical species make
this compound an attractive candidate to bring forward
into development with the anticipation of superior elinical
activity as compared with its competitors and predecessor,
C1-1033.

An exciting potential for irreversible inhibitors that has
recently come to light is their ability to inhibit mutated
forms of EGFR. A variety of mutations in EGFR were
identified in patients with NSCLC and included deletions,
truncations, and point mutations primarily clustered in the
ATP binding pocket of the kinase domain. Many of these
mutations have subsequently been shown to lead to the
hyperactivity of EGFR tyrosine kinase activity, activation
of downstream survival signals, tumorigenesis in cell
culture systems, and increased sensitivity to gefitinib and
erlotinib in witro, suggesting that these mutations cause
the tumer to become dependent on the EGFR signaling
pathway for survival (15-17). Unfortunately, most
patients with NSCLC containing mutations in the EGFR,
which initially respond to gefitinib or eriotinib, ultimately
relapse. In patients that have become nonresponsive to
these EGFR inhibitors, a common secondary mutation in
the EGFR kinase domain, a T790M mutation, has been
discovered (20, 21). This mutation is predicted to lead to
steric hindrance of gefitinib or erlotinib binding due to a
change in the gatekeeper amino acid from threcnine to
methionine. Methionine has a bulkier side chain that is
hypothesized to clash with the substitutions off the aniline
head group of gefitinib or erlotinib, Molecular alterations
in erbB2 have also been found in NSCLC adenocarcino-
mas, a glioblastoma, a gastric and an ovarian primary
tumor. These somatic mutations include insertions and
point mutations in the kinase domain, analogous to those
found in EGFR (45-47). Cell lines harboring insertion
mutations in the erbB2 kinase domain have been shown to
be potent signal transducers, inducing survival, tumorige-
nicity, and resistance to pefitinib (48, 49). Interestingly,
irreversible erbB inhibitors, including PF-00299804, have
been reported to work against these mutated receptors
(21, 22, 28). Engelman et al. evaluated a variety of cell
lines that contain wild-type EGFR and erbB2, or mutations

similar to those reported in patients with NSCLC. They
have extensively characterized the sensitivity of those lines
to gefitinib and PF-00299804 in wvitre, as well as in vivo,
Their findings support the use of PF-00299804 in patients
with NSCLC that harbor mutations in EGFR or ERBB2,
including those that confer resistance to gefitinib,

We tested PF-00299804 for activity in the F1975 human
NSCLC line that harbors the L858R +T790M mutation
associated with resistance to reversible anilinoquinazolines
{20). When PF-00299804 was compared with gefitinib
in vitro, PF-00299804 showed the ability to inhibit prolifer-
ation of this line at submicromelar concentrations, whereas
gefitinib did not. PF-00299804 given p.o. daily also
inhibited EGFR phosphorylation and the growth of H1975
xenografts, whereas erlotinib was ineffective at similar
doses. These findings support the idea that PF-00299804
may have utility in patients with NSCLC that harbor
secondary mutations in their erbB1 receptor, which renders
them nonresponsive to erlotinib or gefitinib.

Given the critical importance of erbB receptors in
maintaining the neoplastic nature of a variety of cancers
and the unmet medical need for the treatment of cancer,
clinical evaluation of PF00299804, an oarally available,
potent, and highly selective irreversible small molecule
inhibitor of the erbB family of tyrosine kinases, may prove
to be effective in a varicty of human tumors expressing
alterations in the erbB receptor family.
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