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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. S. D.

Re: Expediente No. 08.029.322
Solicitud de patente a nombre de INTERMUNE, INC.

Yo, DILIA RODRIGUEZ D’ALEMAN, identificada como aparece al pie de mi
firma, domiciliada en la carrera 11 No. 86-53, piso 6, obrando como obrando
como apoderada de la sociedad INTERMUNE, INC. domiciliada en
California, Estados Unidos de Amética, solicitante de la patente de la referencia,
en respuesta al oficio No. 15165 notificado por fijaciéon en lista el 10 de
noviembre de 2011 me permito manifestar:

1. SOLICITUD DE DIVISIONALES

Con fundamento en la facultad que confiere el articulo 36 de la Decisién 486 al
solicitante para dividir en dos o mas solicitudes fraccionatias, en cualquier
momento del trimite, me permito presentar:

11 La  patente divisional titulada METODO __PARA LA
PREPARACIONDE UN GRANULADO DE_PIRFENIDONA cuya
memoria descriptiva corresponde a la modificacién de la solicitud como se
describira a continuacién y con nuevo capitulo reivindicatorio que consta de 19
reivindicaciones dirigidas al método de obtencion de un granulado que contiene
pirfenidona.

Para este efecto acompano la siguiente documentacion:

a) Solicitud y capitulo reivindicatorio cotrespondiente, junto con los extractos y la
memoria descriptiva que explica, ilustra y sustenta las reivindicaciones.

b) Recibo de pago, correspondiente al valor de la tasa oficial por concepto de la
presentacidn de la solicitud divisional.

c) Igualmente, solicito a ese despacho tener en cuenta el Protocolo No. 17.398 en
relacion con los poderes.
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1.1.1 Teniendo en cuenta lo establecido en el articulo 36 de la Decisién 486,
ruego a ese despacho tener en cuenta que la solicitud divisional que ahora
presento, se beneficie de la fecha de presentacion de la prioridad de la
solicitud inicial, es decir, de la ptioridad US 60/720,257 del 22 de
septiembre de 2006.

1.1.2 Finalmente, me permito aclarar que la solicitud divisional no involucra
ampliacion alguna de la divulgacion contenida en la solicitud inicial.

2. SOLICITUD ORIGINAL No. 08-029.322

Con fundamento en la facultad que confiere el articulo 34 de la Decision 486 al
solicitante para modificar la solicitud de patente en cualquier momento del
tramite, presento junto con este memorial nueva memotia desctiptiva y nuevo
capitulo reivindicatorio, comprendido por 19 reivindicaciones, en el cual se
realizaron las siguientes modificaciones:

2.1 Memortia Descriptiva:

La memoria descriptiva se ha modificado con el fin de corregir la caracterizacion
de la comparacién de los valores de AUC para los estudios con la capsula de la
invencién y la capsulo que contiene solo pirfenidona. Deseamos se tenga en
cuenta la declaracion del Dr. Radhakrishnan, anexa a este memorial, en donde se
afirma que los estudios de las propiedades farmacocinéticas de la capsula de la
invencién, correspondientes a los resultados de la Tabla 1 de la descripcion, se
realizaron usando una dosis de 801mg de pirfenidona. Adicionalmente, se
determiné los estudios farmacocinéticos que involucraban la capsula de sin
excipientes, se habian realizado en estado de ayuno. Igualmente, deseamos se
tenga en cuenta otra declaraciéon emitida por el Dt. Radhakrishnan, en donde se
afirma que las caracterizaciones de farmacocinética de la desctipcién no tenian en
cuenta la dosis y las diferencias entre estado de ayuno y de no ayuno en el estudio
realizado en las capsulas de pirfenidona.

La descripcion se ha modificado en el sentido de corregir errores tipograficos.
Especificamente en la pagina 14, linea 4 se ha indicado que los datos reportados
provenian de Schmidt 1974, mientras que en la pagina 11, linea 12 se indica que
los datos provienen de otro estudio farmacocinético de una capsula que contiene
unicamente pitfenidona. La referencia Schmidt 1974 revela datos descritos en la
pagina 14, linea 4, por lo que es claro que la descripcién contenia un etror
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tipografico. Teniendo en cuenta dicho error tipografico se han hecho
modificaciones en la descripcion en las paginas: 6, linea 10; 7, linea 12; 11, linea
12; 14, linea 4; 19, lineas 16, 21, 23 y 24; 20, linea 20.

2.2 Claridad del nuevo Pliego Reivindicatotio:

2.2.1 Como primera medida, se modificé la reivindicacién principal 1, con el fin
de indicar clara mente que los excipientes farmacéuticamente aceptables
comprenden una cantidad efectiva de aglutinante para incrementar el valor
de AUC al ser administrada oralmente, comparado con la capsula de 5-
metil-1-fenil-2-(1H)-piridona que no contiene excipientes
farmacéuticamente aceptables. El soporte para dicha modificacién puede ser

encontrado a lo largo de la descripcién, por ejemplo en la pagina 19 y en la
Tablal.

De esta manera, consideramos que una persona versada en la matetia
encontraria clara dicha reivindicacién, debido a que los excipientes son
especificamente revelados en la descripcién y son conocidos en el estado del
arte. Igualmente, cabe aclarar que la persona versada en la materia estaria en
capacidad de determinar si el componente de la capsula de la invencién es
un excipiente farmacéuticamente aceptable y es en particular un
desintegrador, un aglutinante un rellenador o un lubricante.

2.2.2 Tgualmente, cabe aclarar que las reivindicaciones 2, 7, 8, y 9 se modificaron
para guardar correspondencia con la nueva reivindicacion 1.

2.2.3 Se incluyeron las nuevas reivindicaciones 8, 11 a 15, 17, 18 y 19 las cuales
comprenden caracteristicas especificas de la capsula de la invencion.

2.2.4 Las anteriores reivindicaciones 11 a 31 no han sido incluidas en el nuevo
pliego reivindicatorio, por lo que las objeciones hechas a este respecto se
deben tener pot superadas.

En cuanto a estas modificaciones me permito decir que las mismas no amplian de
ninguna manera la materia objeto de la presente solicitud y se realizaron con el
animo de superar las objeciones de claridad planteadas por el examinador en su
concepto técnico.
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3. REQUISITOS DE PATENTABILIDAD DE SOLICITUD
ORIGINAL No. 08-029.322

El examinador objeta la novedad y el nivel inventivo de las reivindicaciones de la
presente solicitud, en vista del documento D1. A este respecto, deseamos poner
de presente que la presente invencién se telaciona con una capsula que
comprende una formulacién farmacéutica de 5-metil-1-fenil-2-(1H)-piridona
(pirfenidona) que comprende excipientes farmacéuticamente aceptables y
pirfenidona, en donde los excipientes farmacéuticamente aceptables comptrenden
una cantidad efectiva de aglutinante para incrementar el valor de AUC al ser
administrada oralmente, comparado con la capsula de 5-metil-1-fenil-2-(1H)-
piridona que no contiene excipientes farmacéuticamente aceptables.

De esta manera, cabe aclarar que la anterioridad citada no revela o sugiere una
formulacién de capsula que tenga dichos componentes; por el contrario, D1
sugiere de manera general que la formulacién de capsula puede incluir excipientes
farmacéuticamente aceptables, de hecho dicha anterioridad se encuentra enfocada

hacia una tableta que contiene formulaciones de pirfenidona (Véase parrafo 6 de
D1).

Consideramos de suma impotrtancia, se tenga en cuenta que D1 no reconoce el
beneficio inesperado del incremento de las propiedades farmacocinéticas,
obtenido mediante la capsula de la presente invencion, tal como se puede
observar en las dos declaraciones anexas a este memorial.

Asi, como se puede ver en la ptimera declaraciéon del Dr. Radhakrishnan, al
comparar una capsula de acuerdo con la presente invencién, con una capsula de
pirfenidona que comprende excipientes, se ve que la capsula de la invencion
presenta propiedades farmacocinéticas no solo mejoradas, sino inesperadas.

En la pagina 3 de la primera declaracién se puede ver que La tableta reportada en
Shinogi corresponde a la tableta revelada en D1. De esta manera, la capsula de la
invencién fue comparada con vatios estudios que tepottaban una tableta
conocida, tal como la tableta de Shinogi (la tableta revelada en D1). Asi, para
permitir la comparacion directa de la capsula de la invencién con la tableta de
D1, los datos farmacocinéticas de Shinogi fueron normalizados basandose en la
dosis proporcional y en la influencia de los parametros farmacocinéticas que
resultan de las pruebas en estado de ayuno y en estado de no ayuno (Véase la
primera Declaracion en la pagina 3, puntos 11y 12).
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Adicionalmente, tal como se puede observar en la Tabla 1 de dicha primera
declaracion, la capsula de la invencidndemostré un inctemento del 30% en la
exposicion total (AUC) en comparacién con la tableta de la anterioridad (Véase la
primera Declaraciéon en la pagina 5). Igualmente, la capsula de la presente
invencién muestra de manera inesperada un valor mas bajo o sustancialmente
similar de Cmax comparado con la tableta de la anterioridad. La combinacién del
incremento de AUC y la disminucién del valor de Cmax es muestra clara del
beneficio que exhibe la capsula de la invencién, debido a que puede permitir el
aumento de la exposicion total de pirfenidona, sin aumento concomitante de la
ocurrencia de efectos adversos.

En consecuencia, dichos resultados son muestra clara de que la capsula de la
invencion muestra AUC supetior asi como que muestra de manera sorprendente
e inesperada la propiedad benéfica de la disminucién o equivalencia de Cmac en
combinacién con el incremento de AUC.

Aun mas, cabe resaltar que la capsula de la invencién, demuestra beneficios
inesperados de mejoras en las propiedades farmacocinéticas, al compararla con
una capsula que contenga unicamente pirfenidona sin excipientes. Lo antetior, se
puede evidenciar en la segunda declaraciéon del Dr. Radhaksishnan, en donde se
muestra que una capsula como la de la presente invencion, al ser comparada con
una capsula de pirfenidona sin excipientes, demuestra tener un incremento mayot
al 60% en los valotes de AUC (Véase la segunda declaracion pagina 1, punto 4).

En consecuencia, en el momento de la invencién una persona versada en la
matetia habria esperado que la exposicién de pitfenidona (medida en AUC) del
paciente por dosis de una tableta sin excipientes y con una capsula con
excipientes hubiera sido la misma (Véase la segunda declaracion pagina 1-2,
punto 4). Sin embatgo, de manera sorprendente, se encontré que una capsula de
acuerdo con la presente invencidn, resulta en valores mas altos de AUC, en
comparacién con una tableta que no contiene excipientes (Véase la segunda
declaracion pagina 1, punto 4, pagina 3, punto 10 y la Tabla 1). Asi, el incremento
de AUC (en un inctemento de mas del 60%) también corresponde a un hecho
sotptendente. De esta manera, deseamos dirigir la atencién del Examinador hacia
la pagina 20 de la descripcién, en donde se afirma que “los aglutinantes tales
como la celulosa microcristalina o la povidona, interactien favorablemente con el
grupo de catbonil amida de la pitfenidona formando un complejo fugaz que
después se puede desasociat, lo que tesulta en un programa de estructura lenta en
la concentracién de pitfenidona en el plasma, o una disminucién o clarificacion
lenta en la concentracién de plasma”.

P-1091



Clarke, Modet & C°

COLOMEIA

De otro lado, deseamos se tenga en cuenta que ademis de las ventajas
terapéuticas provistas por la capsula de la invencion, se tiene que dicha capsula
muestra una buena estabilidad bajo varias condiciones de almacenamiento a lo
largo del tiempo, tal como se describe en la desctipcion de la solicitud.

Puesto que la evaluacién de la novedad requiere que todas y cada una de las
caracteristicas de la invencion se encuentren divulgadas en un unico documento
del arte previo, y de acuerdo a los argumentos antetiotes, queda claro que el
documento en cuestién no cumpla con el requisito necesatio pata afectar la
novedad de la presente solicitud.

Igualmente, teniendo en cuenta los argumentos presentados, se concluye que las
ensefianzas de las anterioridades citadas por su Despacho no llevan a un técnico
versado en la materia a obtener la presente invencién ya que no revelan o
ensefian las caracteristicas técnicas esenciales relacionadas con la misma, tal como
aca es reivindicada. Lo antetior si se tiene en cuenta que para el estudio de nivel
inventivo el Examinador no puede adoptar la posicion de un inventor y que
ademds no puede partir de la solucién dada sino simplemente de lo que
expresamente revelen el o los documentos mas cetcanos del estado del arte.

En conclusién, me permito decir que a la luz de la modificacion realizada en el
capitulo reivindicatorio de la presente invencion y de la solicitud divisional y los
argumentos anteriormente expuestos, esta familia de patentes cumple con el
requerimiento de claridad, novedad y nivel inventivo y por ende, solicito
comedidamente a ese despacho conceder el privilegio de patente a las solicitudes
en estudio.

Solicitamos a ese despacho pronunciarse en relacién con todos los argumentos
presentados en este memorial dando estricta aplicacién al principio del debido
proceso consagrado en el articulo 29 de la Constitucién Nacional. De igual
forma, si el examinador considera que subsisten razones para objetar la presente
invencién ruego expedir otro examen de fondo con los debidos motivos y
razones que sustenten su objecién con el fin de que mi mandante tenga la
posibilidad de exponer sus argumentos con base en la interpretacién de los
articulos 45 de la Decision 486 -el cual otorga la facultad al examinador para
emitir los examenes de fondo-, 35 y 59 del Cédigo Contencioso Administrativo
que sefala que: “habiéndose dado oportunidad a los interesados para expresar sus opiniones,
y con base en las pruchas e informes disponibles, se tomard la decision que serd motivada al
menos en forma sumaria si afecta a particulares”y “(..) deberd proferirse la decision definitiva.
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tivamente (el subrayado es nuestro).

ANEXOS

Nuevo pliego reivindicatotio correspondiente a la solicitud inicial
conformado por 19 reivindicaciones

Formulario de modificaciones
Formulario para la solicitud divisional.

Nuevo pliego reivindicatotio correspondiente a la solicitud divisional,
conformado por 19 treivindicaciones.

Comprobante de pago por concepto de presentaciéon de nueva solicitud.
Primera Declaracién del Dr. Radhakrishnan que contiene 88 paginas.
Ptimera Declaracién del Dr. Radhaktishnan que contiene 4 paginas.

3

EMAN
CC. 41.654.882 de ota

TP 20

824

Céd. 008
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FORMULACION DE CAPSULA DE PIRFENIDONA Y EXCIPIENTES

FARMACEUTICAMENTE ACEPTABLES

CAMPO DE LA INVENCION

Se provee wuna formulacién de una cépsula de
pirfenidona que incluye excipientes farmacéuticamente
aceptables. En una modalidad, esta formulacién de céapsula
tiene la capacidad de sostener respuestas farmacocinéticas
deseables en un paciente. Se proveen ademds, los métodos para
tratar las condiciones fibréticas y otros trastornos mediados
por citocina al administrar cépsulas de pirfenidona en dicha
formulacién en los pacientes que lo requieren.

ANTECEDENTES DE LA INVENCION

La presente invencién se refiere en general a la
pirfenidona, una pequefia molécula de farmaco cuyo nombre
guimico es 5-metil-1-fenil-2-(1H)-piridona. Especificamente,
la presente invencidén se refiere a la formulacidén de cépsula
de pirfenidona incluyendo los excipientes farmacéuticamente
aceptables. Mas adelante se proveen métodos para utilizar
dicha formulacién de <cépsula para el tratamiento de
condiciones fibroéticas y otros trastornos mediados por
citocinas.

La pirfenidona es una molécula sintética no-péptica
con un peso molecular de 185.23 daltones. Sus elementos
quimicos se expresan como C;pH13NOs y su estructura es
conocida: Se ha trabajado en la sintesis de pirfenidona. La
pirfenidona ha sido fabricada y evaluada clinicamente como un
fdrmaco anti-fibrético de amplio espectro. La pirfenidona

tiene propiedades anti-fibréticas por medio de: expresidn
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TNF-a disminuida, expresién PDGF disminuida y expresién de
colagenos disminuida. Varias Aplicaciones de Investigacién de
Farmacos Nuevas se encuentran actualmente en los archivos de
la Administracién de Alimentos y Farmacos de los Estados
Unidos. Las investigaciones Fase II en humanos se realizan
actualmente o se han completado recientemente para la
fibrosis pulmonar, glomérulo esclerosis renal y la cirrosis
del higado. Se han realizado otros estudios Fase II que se
utilizaron para el tratamiento de la hipertrofia benigna de
préstata, la cicatrizacién hipertréfica (queloides) vy la
artritis reumatoide.

Se sabe que un uso importante de la pirfenidona es
proveer beneficios terapéuticos a pacientes que sufren de
condiciones de fibrosis tales como el Sindrome Hermansky-
Pudlak (HPS) que estd asociado con la fibrosis pulmonar y la
fibrosis pulmonar idiopadtica (IPF). La pirfenidona demuestra
una habilidad farmacoldégica para prevenir o eliminar tejido
excesivo de cicatriz que se encuentra en la fibrosis asociada
con tejidos de heridas incluyendo aquellos de los pulmones,
piel, articulaciones, rifiones, glédndulas de préstata e
higado. Las investigaciones publicadas vy no publicadas
basicas y clinicas sugieren que la pirfenidona puede
disminuir o inhibir sin peligro el crecimiento progresivo de
las lesiones fibréticas, eliminar las lesiones fibréticas
existentes y prevenir la formacién de nuevas lesiones
fibrdéticas que aparecen en las heridas de tejido.

Se entiende que un mecanismo en el cual la
pirfenidona ejerce sus efectos terapéuticos son las acciones
de modulacién de citocina. La pirfenidona es un inhibidor
potente de las citocinas fibrogénicas y el TNF-a. Estd bien

documentado que la pirfenidona inhibe la biosintesis excesiva
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o libera varias citocinas fibrogénicas tales como TGF-B1,
bFGF, PDGF y EGF. Zhang S. et al., Diario de Oftalmologia de
Australia y Nueva Inglaterra, 26, S74-S76, 1998. Informes
experimentales también muestran que la pirfenidona bloquea la
sintesis y liberacidén excesiva de cantidades de TNF desde los
macrdéfagos y otras células. Cain et al., Diario Internacional
de Inmunofarmacologia, 20:685-695 (1998).

Como un farmaco de investigacidén, la pirfenidona se
provee en forma de tabletas y cépsulas para administracién
oral. Se han probado vy adoptado varias formulaciones en
pruebas c¢linicas asi como en otras 1investigaciones vy
experimentos. La efectividad de 1la formulacidén se puede
determinar por wuna pluralidad de factores, incluyendo la
cantidad de pirfenidona que contiene, los tipos y cantidades
relativas de excipientes farmacéuticamente aceptados
utilizados, y el perfil del paciente objetivo (por ejemplo,
condiciones .fisiolégicas y genéticas, prondstico de
enfermedad, y caracteristicas demograficas del paciente). Los
cambios en estos factores causan cambios en la respuesta
farmacocinética (PK) del paciente. Por esto, existe una
necesidad en general de formulaciones farmacéuticamente
efectivas que provoguen respuestas farmacocinéticas
aceptables en los pacientes, lo que optimiza las acciones

terapéuticas de la pirfenidona.

SUMARIO DE LA INVENCION

Por lo tanto, el objetivo de esta invencidn es
proveer formulaciones farmacéuticas de pirfenidona con la
capacidad de accidén terapéutica ventajosa. Es un propdsito
relacionado el proveer formulaciones farmacéuticas con la

capacidad de provocar y sostener las respuestas

10



10

15

20

25

30

farmacocinéticas deseables en el paciente que lo requiere.
Otro propdsito de esta invencidén es proveer métodos para
tratamiento de condiciones fibrdéticas y otros trastornos
mediados por citocinas al utilizar dichas formulaciones.

De conformidad con esta invencién, se provee, en
una modalidad, wuna capsula que contiene una formulacidn
farmacéutica de 5-metil-1-fenil-2-(1H)-piridona
(pirfenidona), que 1incluye de un 5-30% de excipientes
farmacéuticamente aceptables y 70-95% de pirfenidona en peso.

De conformidad con otra modalidad, los excipientes
incluyen desintegradores, rellenadores y lubricantes.
Ejemplos de desintegradores incluyen agar-agar, algenos,
carbonato de calcio, carbometilcelulosa, celulosa, arcillas,
didéxido coloide de silicédn, croscarmelosa de sodio,
crospovidona, gomas, silicato de aluminio de magnesio,
metilcelulosa, polacrilina de potasio, alginato de sodio,
hidroxipropilcelulosa de baja sustitucidn y agentes
entrelazadores de polivinilpirrolidona hidroxipropilcelulosa,
glicolato de almidén de sodio, y almiddén. Ejemplos de
aglutinantes celulosa microcristalina, hidroximetilcelulosa,
hidroxipropilcelulosa y polivinilpirrolidona. Ejemplos de
rellenadores incluyen carbonato de calcio, fosfato de calcio,
fosfato de calcio dibésico, fosfato de calcio tribéasico,
carboximetilcelulosa de calcio, celulosa, derivados de
dextrina, dextrina, dextrosa, fructuosa, lactitol, lactosa,
carbonato de magnesio, 6xido de magnesio, - maltitol,
maltodextrina, maltosa, sorbitol, almiddn, sucrosa, azucar y
xilitol. Ejemplos de lubricantes incluyen agar, estereato de
calcio, oleato de etilo, laureato de etil, glicerina,
palmitoestereato de glicerina, aceite vegetal hidrogenado,

édxido de magnesio, estereato de magnesio, manitol,

At
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poloxamero, glicoles, benzoato de sodio, sulfato de lauril
sédico, estearil sdédico, sorbitol, &cido estearico, talco, vy
estereato de zinc.

De conformidad con otra modalidad, de 2-10% en peso
de la capsula es desintegrador, 2-30% es aglutinante, 2-30%
es rellenador, vy wun 0.3-0.8% es lubricante. En otra
modalidad, de 2-10% en peso de la cépsula es desintegrador,
2-25% es aglutinante, 2—25% es rellenador, y un 0.3-0.8% es
lubricante. De conformidad con otra modalidad, los
excipientes también incluyen povidona. En otra modalidad, de
1-4% en peso de la cépsula es povidona. De conformidad con
otra modalidad la cépsula incluye 100-400 mg de pirfenidona.

De conformidad con esta invencidn, se provee, en
otra modalidad, un método para el tratamiento de la condicién
fibrética. El1 método comprende administrar la capsula
anteriormente mencionada a un paciente que sufre de condiciédn
fibrética. Los ejemplos de condiciones fibréticas incluyen
fibrosis pulmonar, fibrosis hepatica, fibrosis cardiaca,
queloide, fibrosis dérmica, restenosis coronaria, y
adherencias postoperatorias. Ejemplos de fibrosis pulmonar
incluyen fibrosis pulmonar idiopdtica y Sindromes de
Hermansky-Pudlak.

De conformidad con esta invencidén, se provee, en
otra modalidad, un método para inhibir 1las acciones de
citocinas en un paciente que sufre de un trastorno debido a
dichas citocinas. El método comprende administrar la cépsula
anteriormente mencionada al paciente. Ejemplos de citocinas
incluyen TNF-a, TGF-B1l, bFGF, PDGF y EGF. Ejemplos de dicho
trastorno incluyen esclerosis mialtiple, artritis, asma,
rinitis crénica y edema. En otra modalidad, el método ademés

comprende administrar una o mas capsulas al pacilente una o
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més veces al dia, con una toma diaria total de pirfenidona
mayor a 1200 mg. En varias modalidades se le administra al
paciente una o mds cdpsulas dos o tres veces al dia.

De conformidad con esta invencidén, se provee en
otra modalidad, una cépsula con una cantidad efectiva de
pirfenidona 'y excipientes farmacéuticamente aceptables.
Cuando se administra al paciente 1la capsula tiene la
capacidad de sostener una respuesta farmacocinética
aceptable. La respuesta farmacocinética se caracteriza por un
incremento en el Tuax © los valores AUC que en la capsula de
pirfenidona que no contiene los excipientes'farmacéuticamente
aceptables. En varias modalidades, los métodos de tratamiento
para administrar dichas cépsulas se proveen a pacientes con
condiciones fibréticas tales <como la fibrosis pulmonar
idiopadtica y Sindrome de Hermansky-Pudlak vy trastornos

causados por citocinas tales como TNF-a, TGF-B1l, bFGF, PDGF vy

EGF.

BREVE DESCRIPCION DE LAS FIGURAS

La Figura 1 muestra los cambios en las
concentraciones promedio de suero de pirfenidona y su acido
5-carboxil metabdlico durante un tiempo en pacientes humanos
incluidos en uno de los estudios farmacocinéticos reportados:
Shinogoi Fase I1I.

La Figura 2 muestra los cambios en las
concentraciones de suero de pirfenidona con el paso del
tiempo en sujetos humanos después de una sola dosis de 400 mg
de pirfenidona administrados oralmente en capsulas sin
excipientes.

La Figura 3 muestra los cambios en las

concentraciones de suero de pirfenidona con el paso del
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tiempo en sujetos humanos después de una sola dosis de 200-
300 mg de pirfenidona administrados oralmente en capsulas con
excipientes de conformidad con la modalidad de esta
invencién.

DESCRIPCION DETALLADA DE LA INVENCION

La tabla 1 es una tabla que muestra las
concentraciones cuantitativas de tabletas de pirfenidona
utilizadas en Shionogi Fase II.

La tabla 2 es una tabla que muestra los valores PK
en capsulas con excipientes de conformidad con una modalidad
de esta invencién, comparados con los valores PK de capsula
sin excipientes de uno de los estudios PK anteriormente
reportados.

La tabla 3 es una tabla que muestra la formulacidn
de pirfenidona/excipiente contenida en cépsulas utilizadas en
el estudio mostrado en la figura 3 y el estudio mostrado en
la tabla 5-c.

La tabla 4 es una tabla que lista los componentes
utilizados para preparar un lote representativo de
formulacién de pirfenidona/excipiente de la tabla 3.

Las tablas 5-7 muestran la estabilidad de 1la
formulacién de pirfenidona/excipiente de la tabla 3 a 25°% vy
60% de humedad relativa (Tabla 5), 35°% y 65% de humedad
relativa (Tabla 6) y 40°C y 75% de humedad relativa (Tabla
7).

La tabla 8 y tabla 9 muestran una formulaciédn
representativa adicional de pirfenidona/excipiente en
cédpsulas contemplada en esta invencién.

A través de toda esta invencidén los términos
relevantes se deben entender consistentemente con 1los

significados tipicos establecidos en la técnica relevante,
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esto es, la técnica de la quimica farmacéutica, medicina,
biologia, genética, biologia molecular, bioquimica,
fisiologia, gendémica, farmagendémica, bioinformdtica, biologia
computacional y quimico-informidtica. Sin embargo, se proveen
aclaraciones y descripciones posteriores para clertos
términos como se muestra a continuacién:

Los términos farmacéutico, productos farmacéuticos,
productos de farmacos, farmacos quimicas, compuestos de
farmacos, compuestos y quimicos se utilizan indistintamente a
través de la invencién.

API, como se utiliza en la presente invencién, se
refiere a ingredientes farmacéuticos activos. En varias
modalidades de esta invencidén, el API de formulacidén de la
capsula y la tableta es pirfenidona.

Los términos excipiente farmacéuticamente
aceptable, excipientes farmacéuticamente compatibles y
excipientes se utilizan intercambiadamente en esta invencidn.
Estos se refieren a sustancias no API tales como
desintegradores, aglutinantes, rellenadores, y lubricantes
utilizados en productos de formulacién farmacéutica. Son
generalmente seguros para administrarse a los humanos de
conformidad con lo establecido en los estandares
gubernamentales, incluyendo aquellos promulgados por la
Administracién de Alimentos y Farmacos de los Estados Unidos.

Los desintegradores, como se utilizan en la
presente invencidén, se refieren a uno o més agar-agar,
algenos, carbonato de calcio, carboximetilcelulosa, celulosa,
arcilla, didéxido de silicén coloide, croscarmelosa sdédica,
crospovidona, goma, silicato de aluminio de magnesio,
metilcelulosa, polacrilina potédsica, alginato de sodio,

hidroxipropilcelulosa de baja sustitucidn, y agentes
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entrelazadores de hidroxipropilcelulosa polivinilpirrolidona,
glicolato sédico de almiddén y almidédn.

Los aglutinantes, como se utilizan en la presente
invencién, se refieren a una o mas celulosa microcristalina,
hidroximetilcelulosa, hidroxipropilcelulosa y
polivinilpirrolidona.

Los rellenadores, como se utilizan en la presente
invencién, se refieren a uno o mas carbonato de calcio,
fosfato de calcio, fosfato de calcio dibéasico, sulfato de
calcio tribédsico, carboximetilcelulosa de calcio, celulosa,
derivados de dextrina, dextrosa, fructuosa, lactitol,
lactosa, carbonato de magnesio, éxido de magnesio, maltitol,
maltodextrinas, maltosa, sorbitol, almiddén, sucrosa, azucar y
xilitol.

Los 1lubricantes, como se utilizan en la presente
invencién, se refieren a uno o mas agar, estereato de calcio,
oleato de etilo, laureato de etilo, glicerina,
palmitoestereato de glicerina, aceite vegetal hidrogenado,
6xido de magnesio, estereato de magnesio, manitol,
poloxémero, glicoles, benzoato de sodio, sulfato lauril
sbédico, estearil sdédico, sorbitol, A&cido estearico, talco vy
estereato de zinc.

Las cépsulas, como se utilizan en la presente
invencidén, se refieren a un recipiente, normalmente seguro
listo para disolverse que <contiene ciertos productos
farmacéuticos. En una modalidad, la cépsula estd hecha de
gelatina. Otras matrices de sustancias adecuadas tales
quimicos totales de polimeros sintéticos pueden  ser
utilizadas que contienen propiedades parecidas a la gelatina

y que se pueden utilizar en la fabricacién de capsulas de
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pirfenidona de conformidad con las modalidades alternativas
de esta invencién.

AUC, como se utilizan en la presente invencidn, se
refiere al area debajo de la curva que representa los cambios
en las concentraciones de pirfenidona en la sangre con el
paso del tiempo.

Cwax, como se utilizan en la presente invencidn, se
refiere al maximo valor de concentracién de sangre que se
muestra en la curva que representa los cambios en las
concentraciones de pirfenidona en la sangre con el paso del
tiempo.

Twax, como se utilizan en la presente invencidn, se
refiere al tiempo maximo que le toma a la concentracidén de
pirfenidona en la sangre para alcanzar su maximo valor.

Ti/2, como se utilizan en la presente invencidn, se
refiere al tiempo que le toma a la concentracién de
pirfenidona en la sangre para declinarse a una mitad de su
valor maximo.

En conjunto, AUC, Cuax Tmax ¥ Ti2, son los parametros
farmacocinéticos principales que caracterizan las respuestas
farmacocinéticas de un producto de farmaco en particular tal

como la pirfenidona en un sujeto animal o humano.

Estudios farmacocinéticos reportados de la

pirfenidona

Se han reportado varios estudios farmacocinéticos
en sujetos humanos incluyendo uno en varones adultos
saludables (Schimdt RM, Ritter A 'y Margolin S, 1974,
Biodisponibilidad de las Capsulas de Pirfenidona después de
la Administracién Oral (60-244-73, octubre 11, 1974,

Affiliated American Research Inc., Princeton, New Jersey, de
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en la presente invencién en adelante “Schmidt 1974”) y dos en
estudios en pacientes con fibrosis pulmonar (Nagai S, Hamada
K, Shigematsu M, Taniyama M, Yamauchi S e Izumi T, 2002,
Tratamiento de un afio de Uso Compasivo de Etiqueta Abierta
con Pirfenidona en Pacientes con Fibrosis Pulmonar Crénica,
Intern Med 41: 1118-1123, de en la presente invencidén en
adelante “Nagai 2002”; y Azuma A, Nukiwa T, Tsuboi E et al,
2005 Prueba Controlada con Doble-Ciego y Placebo de
Pirfenidona en Pacientes con Fibrosis Ideopéatica Pulmonar, Am
J Respir Crit Care Med., de en la presente invencidén en
adelante “Shionogi Fase II”).

Un estudio farmacocinético adicional se realizdé con
una dosis individual de 4 cépsulas de 100 mg cada una
conteniendo 100% de pirfenidona. La pirfenidona fue
administrada oralmente en 10 adultos varones sanos en dosis
de 100, 200 y 400 mg. En el dia 2, una dosis individual de
100 mg fue administrada a cada sujeto. En el dia 3, una dosis
individual de 200 mg fue administrada a cada sujeto. En el
dia 5, una dosis individual de 400 mg fue administrada a cada
sujeto. Esta uUltima dosis individual fue analizada por la
farmacocinética. Se recolectaron muestras de plasma sanguineo
antes de administrar las dosis y 0.25, 2, 4 y 6 horas después
de la dosificacidén. Las concentraciones de pirfenidona en el
plasma se determinaron por cromatografia de gas. Los valores
resultantes de los paradmetros de farmacocinética son: Cuax =
6.3 £ 2.5 pg/mL, Twax = 0.9 £ 0.3 hrs., AUCe, = 20.8 = 10.0
pg/mL hr y Ti/p= 2.2 + 0.6 hrs.

Nagai 2002 incluydé 10 ©pacientes varones con
fibrosis pulmonar. Los sujetos fueron sometidos un
escalamiento de dosis empezando con una dosis inicial de 400

mg por varios dias a una dosis de mantenimiento de 40
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mg/kg/dia. Los andlisis de farmacocinética se realizaron en
10 sujetos en el dia 1 cuando se les administrd la dosis de
400 mg. Las muestras de plasma se recolectaron en 0, 0.25, 1,
1.5, 2, 4, 6, 8 y 24 horas después de administrar la dosis.
Los valores farmacocinéticos fueron calculados. Cwyax = 3.0 a
7.2 pg/mL, y AUCagn, fue de 16.9 a 66.4 pg/mL hr.

Shionogi Fase II incluyd muestreos en serie en un
subconjunto de 15 pacientes de una cohorte de pirfenidona (13
masculinos y 2 femeninos). En el dia 1 una dosis individual
de 200 mg se administrdé a cada uno de los 15 pacientes y las
muestras de suero se recolectaron antes de administrar la
dosis y a 0.5, 1, 2 y 3 horas después de la dosis. La Figura
1 nmuestra los cambios en las concentraciones de suero
promedio de pirfenidona observadas y su metabolito de 5-4cido
carboxilico con el paso del tiempo. Los valores de los
pardmetros farmacocinéticos se calcularon, mismos que fueron:
Cunx = 2.7 = 0.7 pg/mL, Twax = 1.8 + 1.1 hrs., AUCspy = 7.3 %
1.6 pg/mL hr y Ty, = 3.5 = 2.2 hrs.

Las formulaciones en estos estudios anteriores
reportados fueron diferentes. Schimdt 1974 utilizé una
cdpsula incluyendo 100% de pirfenidona. Nagai 2002 y Shionogi
Fase II utilizaron tabletas de pirfenidona que incluyd
ciertos excipientes farmacéuticamente aceptables. Por
ejemplo, el producto de farmaco utilizado en Shionogi Fase II
fue formulada como tabletas de 200 mg de pirfenidona
comprimidas con cubierta. Las tabletas de Shionogi Fase II
incluyeron excipientes farmacéuticamente aceptables. La Tabla
1 es una tabla que lista los ingredientes de las tabletas de
Shionogi Fase II y las cantidades de cada ingrediente. Como
se muestra la tableta nucleo fue de 285 mg, en la cual 200 mg

fue API. Varias cantidades de desintegradores, rellenadores,
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aglutinantes, y lubricantes fueron incluidas. Con la adicién
de la capa, el peso total de la tableta Shionogi Fase II fue

de 296.4 mg.
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TABLA 1
Resistencia
Compuesto Funcién
Tabletas 200 mg
Adiciones intragranulares
Pirfenidona API 200.0
Lactosa Rellenador 56.0
Carmelosa de calcio Desintegrador 5.0
Hidroximetil celulosa Aglutinante 6.0
Adiciones extragranulares
Carmelosa de calcio Desintegrador 15.0
Estereato de magnesio Lubricante 3.0
Tableta de nucleo Total 285.0
Hidroxipropil celulosa Base de recubrimiento
Trietilen Citrato Plastificador 7.6
Diéxido de titanio Protector ligero 0.8
Total capa de recubrimiento 3.0
Total 296.4

individual de

incluyeron en

Schimdt 1974 examind la

pirfenidona.

este

estudio. 15

Diez

ingestién oral de 400 mg de pirfenidona,

voluntarios

minutos

farmacocinética de una dosis

después

la concentracién

humanos

promedio de suero de pirfenidona alcanzd 3.97 mg/mL. En una

hora, la concentracién promedio de suero alcanzd 5.57 mg/mL y
a las seis horas 1.63 mg/mL. La Figura 2 es una grafica de
los niveles de pirfenidona con el paso del tiempo resumidos
en este estudio. Como se puede observar, el nivel maximo de
suero de pirfenidona se alcanzdé entre una y tres horas. EIl

valor Ti,2 se calculd a 2.87 £ 0.22 hrs.

Formulacién de cépsula de pirfenidona con

excipientes
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Aquellas personas con habilidades en investigacién
y fabricacién farmacéutica conocen, por lo general, que las
formulaciones de tabletas permiten generosas adiciones de
ingredientes no API, incluyendo excipientes y sustancias para
capa, especialmente un alto porcentaje de rellenadores. Sin
embargo, la adicién de ingredientes no API puede limitar 1la
cantidad de API que tiene cada tableta. En contraste, las
formulaciones de capsulas tienden a facilitar la inclusién de
un alto porcentaje de API con pocos o ningin componente no
API. Las cépsulas pueden permitir la inclusién de cantidades
mayores de aglutinantes, en‘ lugar de rellenadores como se
utiliza con mayor frecuencia en tabletas. Donde se desea un
alto porcentaje de API y los excipientes especificos se sabe
que son esenciales, las formulaciones de cépsulas se adoptan
frecuentemente.

Para estar ‘éeguros, ninguna formulacién de

pirfenidona fabricada o —reportada a la fecha contiene

excipientes. La presente invencidén provee una nueva
formulacién de capsula con ciertos excipientes
farmacéuticamente aceptables. De conformidad con esta

modalidad, esta nueva formulacién de <capsula tiene la
capacidad de provocar respuestas farmacocinéticamente
ventajosas en sujetos humanos. En otra modalidad, esta nueva
formulaciént de cédpsula facilita la disolucién y mejora la
fluidez en el proceso de fabricacidén de cépsulas.

Esta formulacidén de cépsula incluye 100-400 mg de
pirfenidona. Se agregan uno o més excipientes
farmacéuticamente aceptables en varias modalidades. Por
ejemplo, en una modalidad, 2-10% en peso de la capsula es un
desintegrador. 2-30% es aglutinante, 2-30% es rellenador vy

0.3-0.8 es lubricante. Como se describe al principio de 1la

EERNE T
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Descripcién Detallada, se pueden incluir una multitud de
sustancias adecuadamente como desintegradores, aglutinantes,
rellenadores y lubricantes. Un ejemplo es utilizar estereato
de magnesio como lubricante, la celulosa cristalina como
aglutinante y 1la croscarmelosa como desintegrador. En una
modalidad en particular, la formulacién de la cépsula también
incluye povidona. La povidona puede constituir el 1-4% del
peso de la cépsula.

La cubierta de la céapsula puede fabricarse de
gelatina dura en una modalidad. La cubierta puede ser clara u
opaca, blanca o con color en varias modalidades. La cépsula
tamafio 1 es la modalidad preferida. Otros tamafios se pueden
adoptar en modalidades alternativas.

La fabricacidén de capsula de pirfenidona se basa en
la formulacidén de capsulas en varias modalidades que incluyen
una serie de pasos. Estos pasos son: preparar la granulacidn
de pirfenidona, secado de fluidos en lecho, mclido, mezcla de
lubricacidén, encapsulado y empagque en lote.

La preparacién de la granulacidén de pirfenidona se
puede hacer en la siguiente secuencia. Primero, se mezcla la
povidona con agua y se disuelve utilizando una mezcladora
elevada. Segundo, la pirfenidona se muele con croscarmelosa y
celulosa microcristalina para romper cualquier terrdn.
Tercero, se agregan la pirfenidona molida, la croscarmelosa y
le celulosa cristalina en un granulador fino y se mezcla.
Cuarto, la povidona y la solucién de agua se agregan a la
mezcla. Quinto, la granulacidén de pirfenidona se mezcla por
un periodo adicional después de que la povidona y la solucidn
de agua se han agregado por completo.

El proceso de secado de fluido en lecho se puede

realizar en un Lecho Secador de Fluidos con una temperatura
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interior de 60°%C. El proceso de molido se puede realizar
utilizando un molino adecuado tal como el Quadro Comil®. E1
proceso de mezcla de lubricacién se puede realizar al agregar
una cantidad apropiada de <croscarmelosa y estereato de
magnesio. La granulacidén de pirfenidona se puede mezclar de
nuevo en este punto. Luego, la granulacidén de pirfenidona es
encapsulada wutilizando un encapsulador adecuado en dos
plezas, tamafio 1, capsulas de gelatina a un rendimiento para
una dosis deseada de pirfenidona de 100-400 mg. La dosis de
200~300 mg es el rendiﬁiento en la modalidad preferida. Para
concluir el proceso de fabricacién de cépsulas, las capsulas
terminadas se pueden empacar en bolsas dobles de polietileno
aseguradas y almacenadas a temperatura ambiente controlada.
Agquellos con habilidades en la investigacién de farmacos y la
fabricacidén de farmacos apreciardn que algunos de los pasos
anteriores se pueden modificar u omitir, y se pueden incluir
pasos adicionales, sin alterar materialmente el resultado de
la fabricacién.

TABLA 2

Comparacién de parametros PK entre las tabletas Schmidt y las capsulas con excipientes

Parametros PK Capsula érupo I Capsula Grupo II Capsula Schmidt 1974
Crax (Bg/ml) 8.05 £+ 2.53 7.68 £ 1.86 6.28 £ 2.49
Trax (hr) 3.23 £ 1.42 2,73 + 1.17 0.85 + 0.32
AUC (pg/ml hr) 62.4 + 25.4 59.3 £ 22.8 20.8 + 10.0
Tys2 (hr) 3.00 £ 0.98 2,93 £ 0.94 2.20 + 0.60
TABLA 3
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FORMULACION UTILIZADA EN HUMANOS Y IN VITRO

Mg/capsula
Componente Calidad estandar Funcién
Capsula de 267 mg
Pirfenidona En casa Ingrediente activo 267
Croscarmelosa sdédica NF, Ph Eur, JP Desintegrante 26.5
Celulosa Aglutinant
. ) . USPI Ph Eur, JP g-urinante, 24.0
microcristalina rellenador
Povidona uUsp, Ph Eur, JP Aglutinante 6.0
Estereato de NF, Ph Eur, JP Lubricante 1.5
magnesio
Agua purificada uUsp Solvent? de -
procesamiento
Capsula de gelatina IJSP, Ph Eur -- -
Peso total
retal por 325.0
capsula
TABLA 4

RESISTENCIA DE DOSIFICACION DE LA CAPSULA DE FORMULA-267 MG DEL LOTE REPRESENTATIVO DE 45 KG

Componente % (p/pP) kg
Pirfenidona 82.15 36.97
Croscarmelosa sédica 8.15 3.67
Povidona é?a;gr nominal 1.85 0.83
Estearato de magnesio 0.46 0.21
Agua purificada -- 20.40
Peso total (kg) 100 45.00

En la tabla 3, se provee una composicidén ejemplar

de las capsulas que contienen formulacién de
pirfenidona/excipiente que fue preparada vy probada. Se
prepard un lote representativo de formulacién de

pirfenidona/excipiente utilizando métodos de formulacidén en
himedo para combinar los componentes listados en la tabla 4.

La tabla 3 muestra la formulacidén de
pirfenidona/excipiente contenida en cédpsulas utilizadas en el
estudio mostrado en la figura 3 y el estudio mostrado en las
tablas 5-7.

Los estudios farmacocinéticos se realizaron en las
cdpsulas de pirfenidona en la presente invencidén. Un primer
estudio mostrado en 1la figura 3 presenta cambios en la

concentracién de suero con el paso del tiempo en 4 grupos de
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sujetos a quienes se les administré una dosis individual de
267 mg de formulacién de pirfenidona en cépsulas de la tabla
3. Las cuatro 1lineas de esta gréfica, A, B, C, vy D,
representan cuatro diferentes grupos de sujetos: A, sujetos
en ayunas; B, sujetos en ayunas con antidcido administrado;
C, sujetos alimentados; y D, sujetos alimentados y con
antidcido administrado.

En otro estudio farmacocinético, se incluyeron dos
grupos de sujetos humanos con dieta normal, cada uno con 13
sujetos. Un grupo (Grupo I) no recibid antidcido, mientras
que el otro grupo (Grupo II) recibié antiacido. La
formulacién de 1la cépsula de pirfenidona de la tabla 3 se
administré a cada sujeto. La Tabla 2 es una tabla que resume
los valores PK resultantes para ambos grupos (Grupos I y II
de <capsulas) comparados con los valores reportados en un
estudio farmacocinético adicional de solamente una capsula de
pirfenidona. Como se muestra eﬁ la tabla 2, Tmax es
significativamente méds largo (un aumento incrementado al
doble en cada uno de los Grupos I y II) para estas cépsulas
que contienen excipientes que el que fue reportado en un
estudio farmacocinético adicional de solamente una capsula de
pirfenidona. AUC también es significativamente mas alto para
estas Vcépsulas gque contienen excipiente que el que fue
reportado por un estudio farmacocinético adicional de
solamente una capsula de pirfenidona. Los valores AUC se
calcularon durante un periodo de tiempo de cero al infinito.
Los valores de Cuay vy Ti,2 también son mayores o comparables
con aquellos reportados en un estudio farmacocinético
adicional de solamente una capsula de pirfenidona.

Estos valores PK resultantes, especialmente 1los

incrementados en Twax y AUC, indican una fase de absorcidn
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prolongada en las céapsulas de pirfenidona con excipientes de
conformidad con la presente invencién. En consecuencia, las
cépsulas son con la capacidad de sostener acciones
terapéuticas prolongadas en un paciente. Por lo tanto, en
comparacidén con las cépsulas sin excipientes, como se
utilizaron en Schimdt 1974, la formulacién de las céapsulas
sin excipientes, como se utilizaron en Schimdt 1974, 1la
formulacidén de cépsula con excipientes puede ser ventajosa
cuando se administran a un paciente que las requiere, por lo
tanto provocando respuestas farmacocinéticas deseables en el
paciente. Mientras dichas respuestas PK deseables son
resultados sorprendentes, es concebible que los aglutinantes
tales como la -celulosa microcristalina o la povidona,
interactien favorablemente con el grupo de carbonil amida de
la pirfenidona formando un complejo fugaz que después se
puede desasociar, lo que resulta en un programa de estructura
lenta en la concentracién dé pirfenidona en el plasma, © una
disminucidén o clarificacidén lenta en la concentracidén de
plasma.

Ademéas de las ventajas terapéuticas de las
formulaciones de pirfenidona/excipiente que se proveen en la
presente invencidn, estas capsulas y formulaciones también
muestran buena estabilidad bajo varias condiciones de
almacenamiento con el paso del tiempo. En algunas
modalidades, bajo ciertas condiciones de almacenamiento, las
capsulas vy las formulaciones de pirfenidona/excipiente
provistas en la presente invencidn pueden permanecer estables
al menos 3 meses, 6 meses, 9 meses, 12 meses, 15 meses, 18
meses, 24 meses, 36 meées c 48 meses. Por ejemplo, bajo
condiciones de almacengmiento de 25°C y 60% de humedad

relativa, las capsulas y las formulaciones de
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pirfenidona/excipiente que se proveen en la presente
invencién pueden permanecer estables por al menos ©
aproximadamente al ménos 3 meses, 6 meses, 9 meses, 12 meses,
15 meses, 18 meses, 24 meses, 36 meses o 48 meses. En otro
ejemplo bajo condiciones de almacenamiento de 30°C y 65% de
humedad relativa, las cépsulas y las formulaciones de
pirfenidona/excipiente que se proveen en la presente
invencién pueden permanecer estables por al menos ©
aproximadamente al menos 3 meses, 6 meses, 9 meses, 12 meses,
15 meses, 18 meses, 24 meses, 36 meses o 48 meses. En otro
ejemplo bajo condiciones de almacenamiento de 40°% y 75% de
humedad relativa, 1las. cdpsulas vy las formulaciones de
pirfenidona/excipiente que se ©proveen en la presente
invencién pueden ©permanecer estables por al menos ©
aproximadamente al menos 3 meses, 6 meses, 9 meses o 12
meses.
TABLA 5

Condiciones de almacenamiento: 25:0/ 60% RH

Atributos i Tiempo (meses)
0 1| 2 3 6 9 12 18
Apariencia Cumple Cumplé | Cumple Cumple | Cumple | Cumple | Cumple | Cumple
Ensayo (%) 99.6 101.0 | *101.2 100.6 101.3 | 101.7 101.1 | 100.6
Disolucién % (RSD) 100(2.1) |101 (2.5)| 99(2.8) {101 (4.5)| 99(4,6) |101(1.2)|101(1.6){101(1.7)
Impurezas (HPLC) % <0.05% | <0.05 |<0.05 <0.05 | <0.05 | <0.05 | <0.05 <0.05
Humedad % 0.96 0.86 1.0 - 1.2 1.4 1.2 1.4 1.7

*No se detectaron picos en el Limite de Deteccidén de 0.025 pg/mL
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TABLA 6

Condiciones de almacenamiento: 30°C/65% RH

Atributos Tiempo (meses)
0o 1 2 3 6 9 12 18
Apariencia Cumplé Cumple Cumple Cumple Cumple | Cumple Cumple | Cumple
Ensayo (%) 99.6 ° 101.3 100.6 100.4 101.3 101.6 101.3
Disolucién % (RSD) 100(2.1) | 95(4.2) | 99(1.3) | 101(3.8)|100(3.8)|100(2.1)| 101(2.3)
Impurezas (HPLC) % <0.05* | <0.05 <0.05 <0.05 | <0.05 <0.05 | <0.05
Humedad % 0.96 .| 0.91 1.1 1.3 1.5 1.3 1.6

"No se detectaron picos en el Limite de Deteccién de 0.025 pg/mL

TABLA 7

Condiciones de almacenamiento: 40°C/75% RH

Atributos ‘ Tiempo (meses)
o . 1 2 3 6 9 12 18
Apariencia Cumple Cumple Cumple Cumple Cumple | Cumple Cumple | Cumple
Ensayo (%) 99.6 101.0 100.3 100.7 101.3 101.6 100.4 101.0
Disolucién % (RSD) 100(2.1) |101 (1.5)| 100(3.7)| 98(4.8) |100(3.8)[100(1.8)| 98(3.3)| 42(7.5)
Impurezas (HPLC) % <0.05* <0.05 <0.05 <0.05 <0.05 <0.05 | <0.05 <0.05
Humedad % 0.96 0.94 1.2 1.3 1.3 1.4 1.8 2.3

*No se detectaron picos en el Limite de Deteccién de 0.025 pg/mL

Las tablas 5-7 muestran la estabilidad de 1la
formulacién de pirfenidona/excipiente de la tabla 3 a 250C y
60% de humedad relativa (tabla 5), 350°C y 65% de humedad
relativa (tabla 5), 350°C y 65% de humedad relativa (tabla 6)
y 400C y 75% de humedéd relativa (tabla 7).

En algunas modalidades, la estabilidad de las
capsulas y las formulaciones de pirfenidona/excipiente que se
proveen en la preseﬂ#é invencién, se determinan al medir el
rango de disolucidn de las cédpsulas y/o formulaciones de
pirfenidona/excipiente almacenados. Cualquiera de los métodos
de disolucidén que se proveen en la presente invencidén u otros
conocidos en la técnica se puede realizar para determinar la
estabilidad de las capsulas y las formulaciones de
pirfenidona/excipiente. Las medidas de disolucién son métodos
in Vitro conocidos en. la técnica para ser representativos
para los valores in vivo Twax y AUC deAun sujeto cuando se
almacenan las capsulas y las formulaciones de
pirfenidona/excipiente, por ejemplo, bajo las condiciones que

se eiemplifican abaio.para .una cantidad de tiempo indicada.
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Tipicamente, un indicativo de nivel de disolucidén de un nivel
aceptable de estabilidad es una disolucidén al menos o por lo
menos 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 098%,
99% o mas de la pirfenidona en las capsulas gue se proveen en
la presente invencién. Se pueden realizar cualquiera de la
variedad de métodos de disolucidén que se proveen en la
presente 1invencidén u otros conocidos en la técnica para
determinar la estabilidad de las cédpsulas y las formulaciones
de pirfenidona/excipientes. Por ejemplo, la disolucién se
puede determinar de conformidad con el método de farmacopea
para disolucién especificado en USP29.

La estabilidad de las cépsulas y las formulaciones
de pirfenidona/excipientes se demuestran en los resultados
presentados en la tablas 6-8. La formulacidén de capsula de
pirfenidona de 267 mg-de la tabla 3 fue almacenada por 18
meses bajo diferentes condiciones de almacenamiento: 25°C vy
60% de humedad relativa; 30°%C y 65% de humedad relativa y 40°C
\% 75% de humedad relativa. La tablas 5-7 muestran que la
disolucidn de la capsula y las formulaciones de
pirfenidona/excipientes é 25°%C vy 60% de humedad relativa, vy
30%C y 65% de humedad relativa no tuvo cambios apreciables
durante el periodo inicial de 12 meses. El analisis de
disolucidédn se realizdé de conformidad con el método de
disolucién de la farmacopea especificada en USP29 utilizando
aparatos (paletas) con agua como solvente Yy una
especificacién de Q=70% de la reivindicacidén de etiqueta en
30 minutos. También se muestra en las tablas 5-7, el nivel de
impurezas en cada formulacién, como lo determina HPLC, gue
fue de menos del 0.05% durante un periodo de 18 meses. Ademés
el contenido de humedad, como lo determina el método Kaft

Fischer, todos los puntos de tiempo (40°C, 75% HR en 18
B RNA TR
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meses) menos uno, permanecieron por debajo del 2%, y el
contenido de humedad de todas las muestras permanecieron
menores al 2.5% durante el periodo de 18 meses. Finalmente,
el porcentaje de pirfenidona en cada muestra, como 1o
determina HPLC, no mostré degradacidén apreciable durante el
periodo de 18 meses.

Ademés de la formulacidén provista en la presente
invencién en la tabla 3, se contemplaron formulaciones

adicionales en las Tabla 8 y Tabla 9.
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TABLA 8

Componentes del producto medicinal representativo y composicidén para la capsula de dosis
de 267 mg de dosis versidn II

Componente Calidad estandar Funcién Mg/capsula £ (W/W)
Pirfenidona En casa?® Ingrediente activo 227.5 70.0

NF, Ph EBur, Jp Desintegrante 44.6 13.7

Celulosa microcristalina® USPI Ph Bur, JP Aglutinante, rellenador 40.3 12.4
Povidona UsP, Ph Eur, JP Aglutinante 10.1 3.1
Estereato de magnesio NF, Ph Eur, JP Lubricante 2.5 0.8
Agua purificadac usp Solvente de procesamiento - --

a 1JSP, Ph Eur - - -

Peso total por capsula 325.0 100

TABLA 9

Componentes representativos de productos medicinales y composicién para cdpsula de 267 mg de dosis
versién III

Componente Calicjl_ad esténdar Funcidén Mg/capsula
Pirfenidona En"casa® Ingrediente activo 308.8 95.0
croscarmelosa sddica NF, Ph Eur, JP Desintegrante 7.4 2.3
Celulosa microczistalinab USPI Ph Eur, JP Aglutinante, rellenador 6.7 2.1
Povidona UsSP, Ph Eur, JP Aglutinante 1.7 0.5
Estereato de magnesio NF, Ph Eur, JP Lubricante 0.4 0.1
Agua purificada © usp Solvente de procesamiento - -
Capsula de gelatina a 1JSP, Ph Eur - - --
Peso total por capsula 325.0 100

Indicaciones terapéuticas

Una modalidad’de esta invencidén provee métodos para
tratar condiciones fibréﬁicas y otros trastornos provocados
por citosina. Estos métodos comprenden administrar las
capsulas de pirfenidona que contienen excipientes de esta
invencién a un paciente que sufre de condiciones fibrdéticas o
un trastorno provocado por citosina. La dosis puede ser dos
veces al dia o tres veces al dia, con una o mids cépsulas por
toma. De conformidad con una modalidad en particular, la toma
diaria total es al menos 1200 mg de pirfenidona. La toma
diaria puede variar, dependiendo del perfil del paciente,
incluyendo, entre otras cosas, las caracteristicas
demograficas del paciente, condiciones fisioldgicas y
genéticas y pronéstico de enfermedades. Por ejemplo, un nifio
0 un adulto mayor se le puede administrar una cantidad diaria
menor que la que se le?administra a un adulto ordinario.

La actividad: antifibrética de la pirfenidona se
demuestra in vivo en modelos animales de fibrosis, asi como

en estudios de cultivo de células in Vitro con fibroblastos
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pulmonares de humanos o animales, fibroblastos epidérmicos vy
células parecidas a fibroblastos. Estos datos nos indican que
la pirfenidona puede se un agente efectivo para prevenir vy
tratar adherencias postoperatorias, fibrosis del miocardio,
fibrosis renal, cirrosis del higado, aterocesclerosis y otros
trastornos fibréticos. Los cultivos de células in Vitro con
células humanas mesénquimas parecidas (incluyendo
fibroblastos de 1los pulmones, fibroblastos de 1la piel,
células estromales devpréstata y células renales mesangiales,
etc) han mostrado inhibicién farmacoldégica por pirfenidona de
proliferacidén excesiva de células inducida por factores de
crecimiento de citosina (TFG-R1, DbFGF, PDGFm y EGF). En un
medio de cultivo de células, concentraciones graduadas de
pirfenidona fueron efectivas en niveles caracterizada porque
fueron menores de diez a veinte veces que aquellos dque
ejercen cualquier efecto farmacoldgicamente tdéxico en las
células.

En el sitio de 1la 1lesién, de otra manera las
células residentes normales (por ejemplo, fibroblastos,
pericitos, células mesangiales, astrositos, microglios, y
oligodentrocitos) fabriéan vy descargan altas concentraciones
de factores de crecimiento dentro de los espacios adyacentes
de tejido. Estas fuentes residentes de altos niveles
patoldégicos de factores de crecimiento son directamente
responsables de niveles excesivos persistentes de factores de
crecimiento. Ellos causan la formacidn excesiva y dafiina de
colagenos o matrices de amiloides asi como dafio a las células
adyacentes, la disfuncién de odérganos asociada y con
frecuencia, malformacién de oérganos.

TGF-B1 es un . péptido potente de crecimiento

relacionado cuyos efectos se pueden observar en
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concentraciones femtomolares. Aparece como ubicuo y es un
regulador bifuncional de proliferacién de células in Vitro.
Actia vya sea como mitdégeno o inhibidor del <crecimiento
dependiendo de la concentracién de tejido y el estado de la
confluencia de células. (L.J. Striker et al Lab. Invest.
64:466-456, 1991). En incisiones de la piel, después de
atraer los macréfagos y fibroblastos, TGF-Bl mejora la
formacién de matriz extracelular al incrementar la
transcripcién de genes de colégeno Y fibronectina,
disminuyendo la secrecién de proteasas, incrementando la
secrecién de inhibidores de proteasa e incrementando la
transcripcién de receptores de células para las matrices de
proteinas.

Las actividades antifibréticas de la pirfenidona
han sido demostradas in vivo en animales de laboratorio con
lesiones fibréticas con cultivos de células de fibroblastos
pulmonares de humano (W138), y observadas en pruebas piioto
abiertas en pacientes con fibrosis pulmonar  severa,
hipertrofia benigna de préstata o queloides. La pirfenidona
puede selectivamente disminuir el aumento de cicatrices o
remodela o remueve el tejido de cicatriz o la fibrosis. La
disfuncién causada por lesiones por fibrosis se puede mejorar
por la reduccién o remocién de la lesidn fibrédética seguido de
un tratamiento de pirfenidona. Aparentemente, las funciones
del érgano y el tejido se pueden restaurar aun después de la
presencia de fibrosis por varios afos. Cuando se administra
inmediatamente después de un injerto, tal como un trauma,
infeccién o alergia, a un tejido, 1la pirfenidona puede
también prevenir la formacién excesiva de tejido de cicatriz,
o lesiones fibréticas, y, de esta manera, ayuda a retener la

funcién normal y la apariencia del tejido.
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La pirfenidona puede causar remocidén de tejido
fibrético colageno excesivo por medio de la accidn fagocitica
de los fibroblastos locales. Esto se ha observado por examen
de secciones histoldégicas del tejido pulmonar bajo el
microscopio en perros, ratones, gatos y hamsteres con
fibrosis pulmonar tratados con pirfenidona, y también por
medio de micrografias de electrones de secciones histoldgicas
de tejido pulmonar tomado de hamsteres con asbestosis
inducida experimentalmente que fueron tratados con
pirfenidona. No ocurridé ninguna infiltracién de neutrdfilos
que inducen la inflamacién, células PMN, monolitos vy
linfocitos.

La proliferacién mejorada de fibroblastos W138 en
exposicidén in Vitro a PDGF o bFGF puede ser bloqueada por
pirfenidona agregada al medio de crecimiento de células. La
pirfenidona también inhibe el crecimiento inducido de TGF-K1
en cultivos de salida de fibroblastos pulmonares y dérmicos.

Los hallazgos <c¢linicos en humanos después del
tratamiento con -pirfenidona’ han sido consistentes con los
efectos antifibréticos observados en animales de laboratorio.
Pruebas piloto clinicas abiertas con pirfenidona oral se han
realizado con pacientes que padecen asbestosis pulmonar,
fibrosis pulmonar inducida por bleomicina, fibrosis
ideopatica pulmonar, esclerodermis con fibrosis pulmonar, vy
Sindrome de Hermansky-Pudlak caracterizado por fibrosis
pulmonar.

El criterio clinico para una respuesta benéfica
durante los primeros meses de pirfenidona incluyen la
reduccién en la incidencia de tos, reduccidén en los
requisitos de oxigenof'suplementario, incremento en la

tolerancia al ejercicio, disnea reducida durante el

IR e
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ejercicio, mejora pulmonar, reanudacién de tareas diarias
normales, ganancia de peso vy supervivencia. Durante los
primeros meses, la funciédn pulmonar se mide por rayos X del
pecho, espirometria, o difusién CO (DLCO) que mostrd muy
pocos, si1 no es que ningun, cambio. Sin embargo, después de 4
a 6 meses en piifenidona, la inhibicién o Dbloqueo del
deterioro posterior de la funcién pulmonar fue evidente por
las pruebas de funcidén pulmonar, capacidad vital (VC) en la
capacidad desactivada del pulmén para el mondéxido de carbono
(DLCO) . Estas observaciones generales se comparan
favorablemente con aquellas descritas por Van Barneveld et al
(AMER. Rev. Respr. Dis., vol. 135, 48-51, 1987), durante una
recuperacién espontdnea de pacientes con neumonitis pulmonar
inducida por bleomicina (primera etapa de la fibrosis).

Martinet et al (NE Tour. Med., vol 317, 202-209,
1987) ha descrito una liberacién exagerada de PDGF por
macrdfagos alveblqres en pacientes con fibrosis idiomatica
pulmonar. La demostracién in Vitro de la inhibicién de 1la
pirfenidona de ‘lé mitogénesis y la formacién mejorada de
colageno causado por factores de crecimiento (bFGFm PDGEF vy
TGF-B1l) puede ‘%xplicag en parte la accidén antifibrédtica
benéfica in ViV? de la pirfenidona.

En una prueba piloto abierta de la pirfenidona en
varones mayores con hipertrofia de préstata avanzada benigna
(BPH, crecimiento‘ f%?roso no canceroso de la glandula
prostdtica masculina), los pacientes experimentaron mejoras
en el desempefio funcional basado en criterios objetivos.
Después de tomar pirfenidona por via oral, la urgencia
frecuente dé iagyejiga urinaria fue mejorada y 1la nocturna
rara vez ocurridé. En otra prueba piloto abierta, aplicaciones

tépicas de linimento de pirfenidona en sitios quirdrgicos
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inmediatamente después de la reseccidén queloide ha prevenido
la recurrencia de queloides en pacientes que se observaron en
los siguientes dos afios. Cada uno de estos pacientes tiene
una historia previa de recrecimiento de queloides después de
dicha cirugia. La pirfenidona puede inducir la remodelacidn
de las lesiones fibréticas de la piel para reducir o eliminar
los queloides, reducir o eliminar cicatrices en la piel vy
eliminar o) disminuir las contracturas de cicatrices
hipertréficas *(lesiones posteriores a° quemaduras). En una
condicidn similarc la pirfenidona también actia para inhibir
las adherencias poséoperatorias.

Por lo tanto, las investigaciones <clinicas bajo
disefios de protocolo controlados y pruebas de etiqueta
abierta han demostrédo gque la pirfenidona ejerce acciones
antifibréticas y citoprotectoras. Los efectos secundarios
observados después de la administracidén oral fueron
relativamente bajos (somnolencia, nausea gastrica y
salpullido fotosensible). No se reportaron efectos
secundarios serios.

En resumen, con base en la actividad inhibidora de
la pirfenidona TNF-a (citoprotectora), la formulacidén de la
cdpsula de la presente invencidén puede ser administrada de
conformidad con ciertas modalidades de esta invencidn para
tratar pacientes que sufren de los siguientes trastornos:

1) Sindromes del sistema nervioso central, recailda
en esclerosis multiple, esclerosis multiple primaria vy
secundaria, esclerosis miltiple espinal, malaria cerebral,
viral 0 infecciones bacteriales del SNC, meningitis
bacterial, trastornos “autoinmunes” del sistema nervioso

central (SNC), infarto del SNC, edema cerebral, Sindrome de
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Parkinson, enfermedad de Alzheimer,v esclerosis lateral
amilotrépica (ELA) y contusidédn o conmocidén cerebral;

2) Sindromes de misculos~esqueleto, artritis
reumatoide, artritis 3nducida por trauma, artritis causada
por infeccidén microbiana o por paradsito, tendonitis vy
artritis inducida por ©productos o farmacos medicinales
(incluyendo pequeﬁasfmoléculas sintéticas tales como péptidos
o proteinas purificaaas naturalmente o sintetizadas);

3) Sindromes pulmonares, sindrome agudo de
incomodidad respiratoria en adultos, asma, rinitis alérgica,
conjuntivitis alérgica, enfermedad obstructiva pulmonar
crénica (EOPC) y sarcoidosis pulmonar.

4) Siﬁdfomes del sistema inmunolédgico,
inflamatorios o tégiCos; sindrome de shock por endotoxemia,
shock séptico, enfermedad injerto-hospedero, vasculopatia por
aloinjerto, shock hemorrdgico, lesidén de repercusidén del
cerebro o miocaFdio, quemaduras térmicas, lesién por
radiacién, lesiones. generales o traumas dérmicos o contusiones,
granuloma eosinofilico, diabetes mellitus (Tipo II) o lupus
sistémico eritromatoso.

5) Sindfomes gastrointestinales, enfermedad de Crohn,
colitis ulcerativa y trastornos inflamatorios del higado; vy

6) Falla congestiva del corazdn.

Ademas, con base en la actividad antifibrética de la
pirfenidona, la formulacién de la cépsula de la presente invencidn
se puede administrar de conformidad con otras modalidades para
tratar pacientes que sufren de los siguientes trastornos: fibrosis
pulmonar, fibrosis pulmonar por radiacién y por farmacos, fibrosis
hepéatica, fib;osis cardiaca, queloides, adherencias
postoperatorias, 'Eipertrofia benigna de préstata en humanocs,

ateroesclerosis, fibrosis dérmica y restenosis coronaria.

Se entiende que la descripcidén, ejemplos especificos vy

el R
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como una ilustracidédn y no intentan limitar las varias modalidades
en la presente invencién. Todas las referencias mencionadas en la
presente invencién por cualquier razdn, se incorporan
especificamente y completamente como referencia. Varios cambios vy
modificaciones dentro de la presente invencién seran aparentes al
experto en la técnica desde la descripcién y datos contenidos en
el mismo y por lo tanto, son considerados como parte de varias

modalidades de esta invencidn.
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REIVINDICACIONES (Solicitud Inicial)

1.- Una cépsula que comprende una formulacidn
farmacéutica de S-metil-1-fenil-2-(1H)-piridona, de
conformidad dicha formulacién farmacéutica comprende

excipientes farmacéuticamente aceptables y 5-metil-1-fenil-2-
(1H)-piridona, en donde los excipientes farmacéuticamente
aceptables compfenden una cantidad efectiva de aglutinante
para incrementar el wvalor de AUC al ser administrada
oralmente, comparado con la cédpsula de b5-metil-l-fenil-2-
(1H) -piridona que no contiene excipientes farmacéuticamente

aceptables.

2.- La céapsula de conformidad con la reivindicacién
1, caracterizado porque dichos excipientes comprenden uno o

mas desintegradores, rellenadores y lubricantes.

3.- La céapsula de conformidad con la reivindicaciédn
2, caracterizada porque dichos desintegradores comprenden uno
o mas entre agar-agar, algenos, carbonato de <calcio,
carbometilcelulosa, celulosa, arcillas, didéxido coloide de
silicédn, croscarmelosa de sodio, crospovidona, gomas,
silicato de aluminio de magnesio, metilcelulosa, polacrilina
de potasio, alginato de sodio, hidroxipropilcelulosa de baja
sustitucién y agentes entrelazadores de polivinilpirrolidona
hidroxipropilcelulosa, glicolato de almidén de sodio, y

almidén.

4.- La capsula de conformidad con la reivindicacidn

1, caracterizada porque dichos aglutinantes comprenden una ©
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mas celulosa microcristalina, hidroximetil celulosa,

hidroxipropilcelulosa y polivinilpirrolidona.

5.- La capsula de conformidad con la reivindicacién
2, caracterizada porque dichos rellenadores comprenden uno o
mas entre carbonato de calcio, fosfato de calcio, fosfato de
calcio dibasico, fosfato de calcio tribéasico,
carboximetilcelulosa de <calcio, celulosa, derivados de
dextrina, dextrina, dextrosa, fructuosa, lactitol, lactosa,
carbonato de magnesio, éxido de magnesio, maltitol,
maltodextrina, maltosa, sorbitol, almiddén, sucrosa, azucar y

xilitol.

6.- La cédpsula de conformidad con la reivindicacién
2, caracterizada porque dichos lubricantes comprenden uno o
mas agar, estereato de calcio, oleato de etil, laureato de
etil, glicerina, palmitoestereato de glicerina, aceite
vegetal hidrogenado, 6xido de magnesio, estereato de
magnesio, manitol, poloxédmero, glicoles, benzoato de sodio,
sulfato de lauril sdédico, estearil sdédico, sorbitol, &cido

estearico, talco, y estereato de zinc.

7.- La cépsula de conformidad con cualquiera de las
reivindicaciones 2 a 6, caracterizada porque dicho
desintegrador es 2-10% en peso, dicho aglutinante es 2-30%,

dicho rellenador es 2-30% y dicho lubricante es 0.3-0.8%.

8.~ La céapsula de conformidad con cualquiera de las
reivindicaciones 2 a 7, caracterizada porque los excipientes

comprenden estearato de magnesio como lubricante, celulosa
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microcristalina como aglutinante y croscarmelosa de sodiocomo

desintegrador.

9.- La cépsula de conformidad con la reivindicacién

1, caracterizada porque dicho aglutinante comprende povidona.

10.- La capsula de conformidad con la
reivindicacién 9, caracterizada porque el peso de dicha

povidona es 1-4%.

11.- La capsula de conformidad con la
reivindicacién 9, caracterizada porque la povidona comprende

al menos 1% en peso de la formulacién.

12.- La capsula de conformidad con la
reivindicacién 9, caracterizada porque la povidona comprende

al menos 1.85% en peso de la formulacién.

13.- La céapsula de conformidad con cualquiera de
las reivindicaciones 9 a 12, caracterizada porque el

aglutinante comprende ademéds celulosa microcristalina.

14.- La céapsula de conformidad con cualquiera de
las reivindicaciones anteriores, caracterizada porque 1la

cantidad de aglutinante estd entre 2 y 30% en peso de la

formulacién.
15.- La céapsula de conformidad con cualquiera de
las reivindicaciones anteriores, caracterizada porque el

aglutinante comprende ademéds celulosa microcristalina.

3



10

15

20

25

30

36

16.-, La cépsula de conformidad con cualquiera de
las reivindicaciones anteriores, caracterizada porque la
capsula comprehde 100-400 mg de 5-metil-1-fenil-2-(1H)-

piridona.

17.- La cépsula de conformidad con cualquiera de
las reivindicaciones anteriores, caracterizada porque la
formulacién comﬁrende una mezcla de granulado humedo que
comprende 5-metil-1-fenil-2-(1H)-piridona, el aglutinante, y
uno o mas excipientes seleccionado del grupo que consiste en

desintegradores y rellenadores.

18.- La capsula de conformidad con la
reivindicacién 1, = caracterizada porque la formulacién
comprende una mezcla de granulade humedo que comprende 5-

metil-1-fenil-2-(1H)-piridona.

19.- La capsula de conformidad con cualquiera de

las reivindicaciones. anteriores, caracterizada porque:

los excipientes farmacéuticamente aceptables
comprenden un desintegrador, un rellenador y un lubricante;

el aglutinante comprende celulosa microcristalina vy
povidona;

la povidona es incluida en euna cantidad entre 1 y
4% en peso de la:formulacién; vy

la formulacién comprende una mezcla de granulado
himedo que comprende 5-metil-1-fenil-2-(1H)-piridona, el

aglutinante, el F¥ellenador y el desintegrador.
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IN THE UNITED STATES PATENT
AND TRADEMARK OFFICE

Applicants: R. Radhakrishnan et al.

Serial No.: 12/426,182

Filed: April 17, 2009

Title:  Capsule Formutation of
Pirfenidone and
Pharmaceutically Acceptable
Excipients

Group Art Unit: 4305

Examiner: Humera N. Sheikh

et el M e R N S et S el e M S St e St

Attorney Docket No.: 30481/30005B
DECLARATION OF RAMACHANDRAN RADHAKRISHNAN, PH.D.
PURSUANT TO 37 C.F.R. § 1.132

Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
Dear Sir:
I, Ramachandran Radhakrishnan, Ph.D., bereby declare that
1. 1 have reviewed the above-captioned pending patent application, and am familiar with

the subject matter disclosed therein.

2. | have reviewed and am familiar with a U.S. Patent and Trademark Office (USPTO)
official action dated November 18, 2009 in which, the USPTO rejected claims of the

application.

3. | have reviewed and am familiar with the references cited in the November 18, 2009,

official action. Specifically, | have reviewed and am familiar with.

{a) U.S. Patent No. 3,974,281 (“Gadekar”);

(b) U.S. Patent No. 5,591,766 (“Bang");

() U.S. Patent No. 6,300,349 {“Margolin”);

{(d) U.S. Patent Publication No. 2004/0048902 ("Kiyonaka"); and

(e) International Patent Publication No. WO 2004/019863 (*Hsu").



Set forth in the attached Appendix “A" is a description of my educational and
employment experiences. Based on these experiences, | am qualified to provide the
comments set forth herein regarding the subject matter of the pending application.

| submit this Declaration to clarify the pharmacokinetic tests underlying the data
reported in the pending application, and to provide additional evidence of the
pharmacokinetic results associated with the capsule claimed by the pending
application. [ also submit this Declaration to compare the inventive capsule over the
‘Shionogi tablet containing excipients (described in one or publications cited in the
USPTO official action dated November 18, 2009), and to highlight the unexpected
benefit of the inventive capsule.

As described in .detail below, the capsule of the invention demonstrates unexpected,
beneficial pharmacokinetic properties as compared fo the Shionogi tablets containing
pirfenidone with excipients. A capsule according to the invention results in an
unexpectedly higher total exposure of pirfenidone (AUC), when the same amount of
drug is administered. The AUC for the inventive capsule is at least 30% greater than
the tablet. in addition, the maximum plasma concentration of pirfenidone (Cmax)
achieved by a capsule according to the invention is comparable to or lower than the
Cmax which results from the Shionogi tablets. The combination of increased AUC
and decreased or equivalent Cmax is also beneficial, because it can allow for
increased total exposure of pirfenidone without a concomitant increase in the

occurrence of adverse events (side effects), for example.

The pending application provides details of pharmacokinetic studies on the capsule of
the invention. It is my understanding that the studies, the results of which are
described in Figure 5, were performed using a single dose of 801 mg pirfenidone (as
three 267mg capsules), according to the composition described in Figure 6 of the
application).

Another pharmacokinetic study was performed on the claimed capsule, and the
results are reported below. The capsule formulation used in this additional study was
identical to the formulation described in the pending application (see description in
Figure 6 of the pending application). In the additional study, the pharmacokinetic
properties were also measured after administration of a single 801 mg dose of
pirfenidone (as three 267mg capsules) to healthy adults in a fed state.

The unexpected beneficial results described herein are supported by both the study
répbrted in the application as filed, and the additional pharmacokinetic study -
described above. The results of the two studies are consistent with each other.
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10.

1.

12

13.

14.

“To'compare results of the studies on the inventive capsules and the Shionogi tablets
described in the various publications, it is necessary to normalize the reported results

to common dosage amounts and fast/fed conditions.

it is known that the pharmacokinetic parameters Cmax and AUC for the prior art
tablet formulations increase nearly proportionally with an increase in the amount of
pirfenidone administered in the pharmacokinetic testing. See the regulatory report
from The Pharmaceuticals and Medical Devices Agency regarding the Pirespa tablels
(hereinafter “the Shionogi Regulatory Report”, attached as Appendix B) at p. 21, 1,
under § 3.(ii).A.(1).3) Dose relationship (“Cmax and AUC values increased in a
manner nearly proportional to administered doses™), and at p. 4, { 1, under
§4(i).A.1)(b) Multiple dose study in health Japanese adults. Based on the dose
proportionality of Cmax and AUC, the comparison of pharmacokinetic data described
herein is based on normalization of the Shionogi reported data to an 801 mg dosage.

It is also known that each of the pharmacokinetic parameters Cmax and AUC will
differ depending on whether pirfenidone is administered under fasting or fed
conditions. See Appendix B at p. 41, [ 1, under § 4.(i).A.2) Food effect study. - To
account for the change in Cmax and AUC resulting from fasting conditions used for a
study, reported results of Shionogi studies performed in a fasted state were
normalized to fed conditions using the conversion factor reported in the regulatory
report for the Shionogi tablet. Appendix B at p. 41 1, under § 4.(i).A.2) Food effect
study. As reported in the Shionogi Regulatory Report, an approximately 53%
reduction in Cmax was observed for the fed state as compared to the fasting state,
while the AUC in the fed state was about 76% the AUC in the fasted state.

Cmax and AUC parameters are not substantially affected by dosing using muttiple

dosage forms as compared to single dosage forms.

Comparison of the pharmacokinetic properties of a capsule of the invention and the
r;harmacokinetic properties of the Shionogi pirfenidone tablet with excipients
illustrates the unexpected, beneficial results achieved when using the inventive

capsule.

(a) The known tablets are Shionogi & Co. Lid's tablets (now sold in Japan under
the trade name PIRESPA), which contain pirfenidone and excipients. These
tablets are the commercial form of the tablets disclosed in the Kiyonaka
reference (Reference D8 identified on the AESD) which is assigned to
Shionogi & Co. Ltd. The Shionogi Regulatory Report provides
pharmacokinetic data from clinical studies performed on the Pirespa tablets,

Phase Il of which is also disclosed in the specification of the present
Page 3
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application. See Appendix B at pp. 40-42; see also the specification at. p. 8,
11 29 (reporting the results of the Shionogi Phase Il study).

{b) Total exposure data reported in the Shionogi Regulatory Report is AUC over
the period 0 to 48 hours from dosing (AUCq.45), while the AUC data reported
for the claimed capsule is 0 to 72 hours (AUCq.73). In view of the
approximately 2 hour half-life of pirfenidone, the additional exposure of
pirfenidone aver the time period from 48 hours to 72 hours would be
negligible. Accordingly, AUCq.44 and AUC,7, are equivalent for purposes of
the present comparison.

15. Table 1 provides a comparison of the pharmacokinetic properties of a capsule
according to the invention and the known tablet. As noted above, the
pharmacokinetic data of the known tablets were normalized based on dosage amount
and fed/fasted state for comparison to the claimed capsule.

Table 1: Comparison of Pharmacokinetic Properties of the Claimed Capsule and the

Known Pirfenidone Tablet with Excipients.

Cmax (pgiml.) AUC (pa/mL - hr)
reported normalized reported normalized
Claimed Capsule ~
Group | (data reported 8.04 62.4*
in Figure 5)
Claimed Capsule -
Group Il (data reported 7.68 59.3*
in Figure §)

Claimed Capsule (data
resulting from the
additional 7.80 58.6*
pharmacokinetic study
- 801 mg dose)

Shionogi Phase 1 200

mg Tablet 3.88 8.24 13.97 42.52
Shionogi Phase | 400 s
mg Tablet (fasted state) 9.24 9.81 29.10 44.29
Shionogi Phase | 400
mg Tablet (from ™
fedlfasted study — fed 4.88 9.77 2213 44,32
state)
Shionogi Phase | 600 -
mg Tablet 10.57 7.48 37.03 37.57
Shionogi Phase 11 200 .
mg Tablet 2.70 10.81 7.3 29.28
Shiaonogi Phase {1l 400
mg Tablet 7.40 14.82 Not reported Not reported
Shionogi Phase [l 600
mg Tablet 11.20 14.93 Not reported Not reported
* AUC 0-72 hours
Page 4
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** AUC 0-48 hours
*** AUC 0-4 hours

16.

17.

Dated:

The capsule of the invention demonstrates unexpected, beneficial pharmacokinetic
properties as compared to the Shionogi tablets containing pirfenidone with excipients.
Specifically, the inventive capsule demonstrates an unexpected increase in total
exposure (AUC). As shown in Table 1, the claimed capsule demonstrates a greater
than 30% increase in AUC. The capsule of the invention also results in a lower or
substantially similar Cmax value as compared to the Shlonogi tablets containing
pirfenidone and excipients. The combination of an increased AUC and decreased or
comparable Cmax is also beneficial, because it provides for increased total
absorption of the pirfenidone without increase in the occurrence of adverse events
(side effects), for example.

All statements made herein are of my own knowledge are true and that all statements
made on information and belief are believed to be true, and further that these
statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment or both under 18 U.S.C. § 1001 and
may jeopardize the validity of the application or any patent which may issue thereon.

Respectfully submitted,

Qwu&mﬂv 92—4’«:»-»&_’07 —_—

Signature

16" December 2009 By:

Ramachandran Radhakrishnan, Ph.D.
Printed Name
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Appendix “A”

{

RAMACHANDRAN RADHAKRISHNAN, Ph.D.
40623 Palatino St
Fremont, California 94539
Tel: (510) 657-2894
E-Mail: Radhakrishnan2000@yahoo.com

Summary of Qualifications

Twenty two years of biopharmaceutical product development experience with expertise
in  formulations, drug delivery, process development, manufacture and
commercialization. Strong background and interests in low molecular weight
therapeutics, protein and DNA based human pharmaceuticals. Broad based background in
developing prototype products from concept stage to fruition through innovative ideas
and assisting with the product files (CMC and Preclinical Sections) and technical
advisory role in technology evaluations and product licensures. Recent accomplishment
includes the successful file of pirfendione NDA to treat idiopathic pulmonary fibrosis.
Very good vendor management skills with CROs and CMOs and helped numerous
clinical programs with supplies on time. Successfully managed several extramural
collaborations ranging in depth from exploratory research to sustained dosage
development. A creative scientist and a successful manager with forty seven scientific
publications and seventeen patents/applications. Mature individual adept at operations in
large organizational as well as entrepreneurial setting.

Professional Experience

INTERMUNE INC., BRISBANE, CA 2009-
PRESENT

Vice President, Pharmaceutical Product Development
Head of Product Development in InterMune. Responsible for all CMC activities.

Lead a team of six pharmaceutical scientists and work together with a research group
involved in discovery and medicinal chemistry.

Process Chemistry and manufacture of API (Protease and polymerase inhibitors and anti
fibrotic agents), Synthesis of radiolabeled drugs to support eINDstudies in man
Analytical methods development and research support for drug screening and early phase
product development

Stability studies for Phase I clinical through commercial products

Early formulation development of HCV protease and polymerase inhibitors

Phase I development of ITMN-520, a pirfenidone analog to treat fibrotic indications
Coordinate the development of ITMN-191 together with Roche for treating hepatitis C in
Phase II b program

G



Responsible for monitoring the manufacture of Actimmune commercial product and
explore new delivery technologies to improve market demand

Responsible for the file of CMC Sections of NDA and MAA of pirfenidone and
manufacture of commercial supplies and launch

Explore new anti-counterfeit technologies and implementation to improve pirfenidone
marketing

Due diligence and exploring feasibilities to find partnering for pirfenidone in Europe and
Asia

Budgeting and general administration

INTERMUNE INC., BRISBANE, CA 2006-2008

Senior Director, Process Development

Monitor all CRO, CMO related activities including the cost and timeline

CMC help with commercial supply of Actimmune, timely release of drug product to meet
supply chain demands '

Manufacture of NS 3/4 protease inhibitor ITMN-191 and soft gelatin drug product
capsules to support all ongoing Phase I clinical trials

Selection of a second vendor for pirfenidone API synthesis and completion of
registrational API and DP lots, supply DP to support two Phase 3 clinical trials, scale-up
manufacture of drug product to meet commercial scale level, assist with mock PAI
inspection activities and vendor audits of both API and DP manufacturing sites
Responsible for all CMC related regulatory submissions such as IB, DMFs, Annual
Reports, CBE-30s, pre-NDA meeting at FDA, identification of vendors or consultants to
write the NDA and MAA and external review by Ex-FDA consultants

CMC Budget for the drug product manufacture, stability, NDA/MAA activities

INTERMUNE INC., BRISBANE, CA 2001- 2005

Director, Process Development & Technical Operations

CMC leader for idiopathic pulmonary fibrosis program (with the drug pirfenidone) in

- InterMune ranging in activities from ananlytical and bioanalytical CRO management,
API and Drug Product manufacture, stability studies, IND, CTA files and support all
regulatory filings. Select and manage vendors for analytical methods development and
contract manufacturers for protein therapeutics (alpha interferon and PEG modified IFN)
and storage sites for products. Approve and Maintain budget for all external activities
related to pegylated interferon product and low molecular weight drug, pirfenidone.
Advise senior management in the selection of suitable drug delivery technologies.and
initiate collaborations. Championed ideas for new product indications for InterMune
products.

« Working in a virtual setting with no CDAs or MTAs in place, a pegylated alpha
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interferon product was developed, IND filed and a Phase I trial initiated within ten
months. The work was completed as part of a five-person project team and the CMC
section was largely completed by process group of two.

s Filed a US patent application for the unique pegylation process retaining substantial
IFN activity of the parent molecule. Helped file additional patent applications to broaden
the patent fence in this area.

e Completed a feasibility study for the delivery of alpha interferon in a polymer matrix,
which led to a second-generation product.

» Worked closely with an external collaborator and completed the feasibility for aerosol
administration of gamma interferon in human volunteers and submitted the preliminary
results as abstracts for presentation at the respiratory societies.

» Supervised the preclinical developmental activities of a monoclonal antibody for
treating respiratory disorders and coordinated the generation of reports etc adequate to
cover the file of an IND.

oTechnically evaluated and presented a novel indication for a low molecular weight
InterMune drug before the New Indications Committee with the help of external experts.
Suggested possible acquisitions to business development team in this area.

Wrote the CMC section for the file of an IND to enable testing a mixture of alpha and
gamma interferons to treat chronic hepatitis C. Filed a composition of matter patent.
Assisted with the pre-IND package to FDA and participated in the successful FDA
meeting to proceed with the file of an IND for this program.

Coordinate chemical and biological assays for monitoring the stability and serum levels
of pirfenidone, a low molecular weight drug, and its metabolites and the manufacture of
pirfenidone drug substance and capsule drug product for use in Phase III clinical trial in
Idiopathic Pulmonary Fibrosis. CMC leader responsible for the CMC Section for IND,
IMPD and all-regulatory submissions such as IND amendments, annual npdates and
EOP2 FDA and EMEA submissions etc. Initiated NDA activities for the program
including trade dress selection, commercial scale API and DP manufacture and
registrational stabilities and preparing table of content for NDA.

» Responsible for the Drug Product related CMC activities of a novel low molecular
weight HCV protease inhibitor. Developed a soft gelatin capsule dosage form for

Phase I studies and completed the CMC section for the CTA submission, Responsible
for clinical supplies for Phase I studies.

CHIRON CORPORATION, EMERYVILLE, CA 1991 - 2001

Head, Vaccine Formulations, Virology & Vaccine Development
Associate Director, Formulation Development, Pharmaceutical R & D

Directed a team of 3Ph.D.s and 5-7 research associates, and coordinated the budget and
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professional development activities of a 25 member department. Advised senior
management on technology evaluations in drug delivery area and recommended
collaborations and in-licensing opportunities. Coordinated CMC activities as an active
member of several project teams.

Developed several optimal vaccine formulations for evaluation in humans in different
stages of clinical trials: Phase III (HSV, Flu), Phase II (HIV, CMV), Phase /Il (HBV)
clinical trials.

Wrote technical reports to support the file of several INDAs, IND amendments,
Developmental Pharmaceutics section for PLA file (HSV), Adjuvant methods section
for the NDA/BLA of marketed flu and MenC vaccines.

Co-developed an emulsion based vaccine adjuvant from early preclinical studies
through process limit and validation studies to support manufacture for use in a
marketed flu vaccine

Recommended polyethylene glycol modified cytokine for sustaining the in vivo
circulation time and the feasibility for intranasal delivery to brain of a recombinant
growth factor by passive encapsulation in PEG hydrogels

Built a gene/nucleic acid delivery group in Chiron and conducted the preclinical
studies with novel formulations which resulted in a patent application and out
licensing opportunities

Designed and developed formulations for the parenteral and pulmonary delivery of
superoxide dismutase to treat different fibrotic conditions resulting in invention
disclosures

Coordinated CMC activities of a development program with a recombinant protein to
treat osteoarthritis in Phase II trial and an extramural collaboration to develop a
sustained dosage form for this polypeptide

Developed a suitable formulation for a fully humanized monoclonal antibody ready
for use in a Phase I clinical trial and prepared the CMC section of an Investigator’s
brochure

LIPOSOME TECHNOLOGY, INC., Menlo Park, CA 1984-1990

Senior Research Scientist

Hired excellent scientists and research associates and led the team in four areas: basic
research, diagnostics, inhalational and parenteral delivery of liposomes. Presented
progress in programs to clients and scientific advisory board. Collaborated with
consultants and wrote publications, patents and CMC sections of INDs. Assisted business
development in technology assessments and feasibility study proposals and presentations
to potential investors.

Developed the concept of “sticky” liposomes with cationic surface charge to adhere
to corneal/conjunctival mucoglycoproteins and a formulation to treat “dry eye”
syndrome in Phase I and Phase II clinical trials
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Investigated the utility: of longer circulating Stealth liposomes for the parenteral
delivery of low molecular weight oncology therapeutics and proteins that led to key
patents. These early investigations ultimately led to the currently marketed liposomal
doxorubicin product

Developed a novel liposomal formulation for sustained delivery of corticosteroids
steroids to treat interstitial lung diseases that led to several significant patents
Designed and developed liquid liposomal formulations for the sustained release of
bronchodilators as nebulized aerosols, evaluated the pharmacology in guinea pigs that
led to human studies in Phase I/II trials

Pioneered large scale spray drying of liposomes carrying bronchodilators and
developed freon propelled metered dose delivery of liposomes which strengthened
the IP position significantly

Coordinated contract bioanalytical studies to monitor lung and plasma levels of
organic nitrates and developed methodologies to monitor tissue levels of steroids by
HPLC and expedited the programs significantly

Designed a protocol for conjugation of liposomes containing a fluorophore to avidin
and demonstrated retention of protein function for diagnostic use that led to the file of
a patent

M.LT., Cambridge, MA 1976 - 83

Postdoctoral Associate
Senior Research Associate

EDUCATION:

WAYNE STATE UNIVERSITY; Detroit, Michigan
Ph.D., Organic Chemistry

UNIVERSITY OF MADRAS; Madras, India
B.S.; M.S. Chemistry

CONTINUING EDUCATION/ PRESENTATION:

Informex Meeting, Jan 2005, 2007 organized by Society of Chemical Manufacturer’s
Association

IBC's 6" Intl Conference on “Well Characterized Biologicals: Demonstrating
Biocomparability to Expedite Process Approval and Changes” and the Preconference
Symposium on “Immunogenicity: Resolving Regulatory and Scientific Issues in
Unwanted Immunogenicity”, May 8-9, 2003, Bethesda, MD

Quality Educational System for the Individual, 2001

Presentation at the Association for Pharmaceutical Scientists, Indianapolis, IN, Oct,
2000

Managing People: Legal Compliance, 2000, Chiron Corp

ICH Guideline Training: Selected Quality Guidelines, Chiron Regulatory Affairs,
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1999

o Organizational Learning: Developing Tomorrow’s Managers Today, 1998

e Drug Development: Pharmaceutical Education Research Institute, 1997

o Invited speaker at the Respiratory Drug Delivery.IV Symposium, Richmond, VA,
May 2-6 1994,

e The 2™ US-Japan Symposium on drug delivery, Dec 12-17, 1993, Maui, Hawaii.

« The US-Japanese Symposium on drug delivery systems, Dec 16-20, 1991, Maui,
Hawaii.

MEMBERSHIPS:

American Association for Pharmaceutical Scientists
American Association for Advancement of Science
American Chemical Society

Society of Chemical Manufacturer’s Association

PUBLICATIONS:

Forty Seven Scientific articles and Presentations (see attached)
PATENTS/APPLICATIONS:

Eighteen patents and applications(see attached)
REFERENCES:

e Available upon request
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PUBLICATIONS:

1.

“ITMN A and B, Novel Inhibitors of the HCV NS3/4 Protease, Retain Their
Potency against BILN-2061 and VX-950 Resistant NS3/4 Protease Mutants and
an Interferon alfa-2a-Resistant HCV Replicon”

S.Seiwert, S.W.Andrews’ H.Yang, H.Tan, B.Marafino, R.Radhakrishnan,
E.Cheung, R.Rieger, Y.iang, A.L.Kennedy, J.A.Ballard, B.A Bernat,
SM.Wenglowsky, @MR.Madduru, J.Bencsik, M.Liang, B.Woodward,
K.R.Condroski, C.Limieux, L.Pieti Opie, G.P. Hingorani, W.E.Delaney,
A Erickson, M.Gale, Jr., J.D.Winkler, J.Josey and L.M.Blatt, Abstract ID 67430,
AASLD, 7 November 2005.

“Biological Characterization of PEG-alfacon in vitro: Comparison of Biological
Potency to the Parent Molecule IFN alfacon-1”

L.M.Blatt, R.Radhakrishnan, S.Seiwert, H.Tan, E.Cheung, J.Schaley and M.W.
Taylor, Digestive Diseases Week (DDW), May 14-19, 2005, Chicago, ILL.

“A Phase 1, Single-blind, Dose-escalating Study of the Safety and
Pharmacokinetics of a Single Injection of Pegylated Interferon Alfacon-1 in
Healthy Volunteers”

L.M.Blatt, E.Cheung, R.Radhakrishnan, L.Ibarra and S.Faris-Young, Digestive
Diseases Week (DDW), May 14-19, 2003, Chicago, ILL.

“Lung Deposition of Interferon Gamma-1b Following Inhalation via AERx®
System vs Respirgard II™ Nebulizer”

J.D.Blanchard, D. Cipolla, K.Liu, R.Morishige, S.Mudumba, J.Thipphawong,
G.Taylor, S.Warren, R.Radhakrishnan, P. Van Vlasselaer, G.Visor and K.Starko,
Am J. Resp. Crit. Care. Med. 167(7): A373 (2003)

. “Development of the Interferon Gamma-1b (IFN-g 1b)-AERx System”

S. Mudumba, H. Wu, M. Tan, S. Grant, J. Blanchard, D. Cipolla, G. Taylor, S.
Warren, R. Radhakrishnan and K. Starko, J. Aerosol Med. 16(2), 189 (2003)

“Enhancements in gene expression by the choice of plasmid DNA formulations
containing select excipients”

C. Huang, S. Ma, S. Lee and R. Radhakrishnan, C. S. Brown, , S.
Choosakoonkriang, C.M. Weithoff, B. A. Lobo and C. R. Middaugh, J. Pharm.
Sci. 91 1371-1381 (2002).

“Applications in Vaccine and Gene Delivery”

M. Hora and R. Radhakrishnan in Sustained Release Injectable Products eds. J.
Senior and M.L. Radomsky, pp 335-370, Interpharm Press, 2000, Denver, CO.
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PUBLICATIONSL(C_ONTD):

10.

11.

12.

13.

“The adjuvant MF59: A 10 year perspective”

G. Ott, R. Radhakrishnan, J. Fang and M.Hora, m Vaccine Adluvants Preparation
Methods and Research Protocols.
Ed. D. O’Hagan,‘pp 211-228, Humana Press, 2000, Totowa, N.J.

“Evaluation of DNA FormuIatlons containing pharmaceutical excipients for in
vivo protem expressmn by mtramuscular delivery”

R. Radhaknshnan C ‘Huang and S. Ma, Abstracts, 2000Annual Meeting of
Association’ of Pharmaceutlcal Scientists, Oct 29, 2000, Indianapolis, IN.

“Lipitoids- NoveI Cationic Lipids for Cellular Delivery of Plasmid DNA in vitro”

C. Huang, T. Uno, JE. Murphy, S. Lee, J.D. Hammer, F. Cohen, R.
Radhakrishnan; Vv Dwarki and R.N. Zuckermann, Chemistry & Biology. 5, 345-
54 (1998).

“The CQntribllﬁ%O‘Q;Qf  Cationic Derivatives of Phospholipids and Cholesterol to
the Bioadhesivén‘eés of ‘Liposomes and Their Transfection Performance”

L. S. S. Gug, IR Radhakrishnan and M. Man in Handbook of Nonmedical
of iiposomes Vol IV: From Gene Delivery to Ecology, eds.
D.D.Lasw and™ : Barenholz CRC Press, Newyork, N, Y.1996, pp 67-76.

“MF59: De51gn and Evaluatlon of a Safe and Potent Adjuvant for Human
Vaccines’’

G. Ott, G L. Barchfeld D. Chernoff, R. Radhakrishnan, P. Van Hoogevest and G.
Van Nest in Vactifte Design: The Subunit and Adjuvant Approach, eds. M. F.
Powell and J. Newman, Plenum Press, Newyork, N.Y. 1995, pp 277-96.

“Pulmonafry“Dqél:iﬁ‘ié’fS' of Adjuvanted Vaccines”

RRadhakrlshnan"{G) Mason‘ J. Barackman, D. Giese, G.Van Nest and J. Patton in
Progress _andi:Proceedings of Respiratory drug Delivery IV, eds. P.R.Byron,
R.N.Dalby and:Si:Farr, Richmond, Va, May 1994, pp 19-24
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PUBLICATIONS (CONTD):

14. “Controlled Release Formulations for the delivery of Herpes Simplex Virus
Antigen”

G. Ott, M. Ugozzoli and R. Radhakrishnan, 2™ U.S.-Japan Symposium on Drug
Delivery Systems, Maui, Hawaii, Dec 12-17,1993, Absract #49

15. “Cationic Liposomes Containing Noncytotoxic Phospholipid and Cholesterol
Derivatives”

L.S.S. Guo, R. Radhakrishnan, and C.T. Redemann, E.N, Brunette and R.J. Debs,
J. Liposome Res, 3 51-70 (1993).

16. “A Comparative Study of the Bronchodilator Effect and Duration of Action of
Liposome Encapsulated Beta-2 Adrenergic Agonists in the Guinea Pigs”

T.A. McCalden and R. Radhakrishnan, Pulmonary Pharmacol 4, 146-150 (1991).
17. “Adhesion of Positively Charged Liposomes to Mucosal Tissues”

L.S.S.Guo, R. Radhakrishnan, and C.T. Redemann, J. Liposome Res. 1, 331-349
(1990).

s

18. “Cholesterol Sulfate Liposomes as Novel Sustained Release Drug Carriers for
Anti-inflammatory Steroids in Lung”

R. Radhakrishnan, D. Levy, R.M. Fielding and M.J. Durrani, J. Cell, Biochem
(suppl C) 14 J405 (1990)

19. "Liposomes as Sustained-Release Drug-Carriers inthe Lung"

P.. Mihalko, H. Schreier, R. Radhakrishnan and R.M. Abra,
Pharmaceutical..Research, 4 (2) S-36 (1987).

20. "Bioadhesive Liposomes in Opthalmic Drug Delivery"

L.S.S. Guo, C.T. Redemann and R. Radhakrishnan, Invest Ophthalmol Vis
Sci(Suppl) 28 (3) 72 (1987).

21. "Ocular Delivery of Vitamin A Using Positively Charged Liposomes"”

R.Shiota, A. Sarris, R. Radhakrishnan and L.S.S. Guo, Invest Ophthalmol Vis
Sci(Suppl) 28 (3) 159 (1987).
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PUBLICATIONS (CONTD):

22,

23.

24.

25.

- 26,

27.

"Pulmonary Dgliv_erydf Liposome-encapsulated Model Compounds"

H. Schreier, J. Palacek,' M. Warton, M. Typaldos, R. Radhakrishnan and P.
Mihalko, Proceed Intern.-Symp. Control Rel Bioact Mater 13, 82 (1986).

“Synthesis of Phoépholipids Containing Photoactivatable Carbene Generating
Precursorsvin'thc:lHéadgr'éups and Their Crosslinking with Membrane Proteins”

B.K. Bumett, RJ Robson ‘Y. Takagaki, R. Radhakrishnan and H.G. Khorana,
Biochim. Biophys.-Acta 815 57-67 (1985).

"Studies on the Light-Transducing Pigment, Bacteriorhodopsin".

R.J. Dunn, N.R: 'V'Hécke'tt 'K.S. Huang, S. Jones, D.S. Lee, M.J. Liao, K.M. Lo, J.
McCoy, S. Noguch1 R Radhakrishnan, U.L.Raj Bhandary and H.G.Khorana, Cold

Spring Harbor: Smposmm on Molecular Neurobiology, 48, 853-62 (1983).

"Identlﬁcatxon of the Lipid-Binding Site of Phosphatidylcholine Transfer Protein
with Phosphatldylcholme ‘Analogs Containing Photoactivable Carbene
Precursors".

J. Westerman, K"WA Wirtz, T. Berkhout, L.L.M. Van Deenan, R.
Radhakrlshnan andHG ‘Khorana, Eur. J. Biochem., 132,441-9 (1983).

"The Membrane embedded Segment of Cytochromes b5 as Studied by Cross-
linking with Photoactwable Phospholipids II. The Non-transferable Form".

Y. Takagaki,lR. ;R"adhakrishnan, K.W.A. Wirtz and H.G. Xhorana, J. Biol. Chem.,
258 9136-42 (11983)* '
"The Membranm‘embedded Segment of Cytochromes b5 as Studied by Cross-
linking 3 w1th Photoactlvable Phospholipids 1. The Transferable Form".

Y. Takagak1 R Radhaknshnan C.M. Gupta and H.G. Khorana, J. Biol, Chem.,,
258, 9128-35 (1983)

28. "Orientation vi‘)&f Rctinal in Bacteriorhodopsin as Studied by Cross-linking Using a

Photosensitivé Analog of Retinal”

K.S. Huang, R.;Radhakrishnan, H. Bayley and H.G. Khorana, J. Biol. Chem., 257,
13616~ 23(1982)
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PUBLICATIONS (CONTD):

29.

30.

31

32.

33.

34,

35.

"Sites of Photolytic Intermolecular Cross-linking Between Fatty Acyl Chains in
Phospholipids Carrying a Photoactivable Carbene Precursor"

R. Radhakrishnan, C.E. Costello and H.G. Khorana, J. Amer. Chem. Soc., 104,
3990-3997 (1982).

"The Transmembrane Domain of Glycophorin as Studied by Cross-linking Using
Photoactivable Phospholipids"

A.H. Ross, R. Radhakrishnan, R.J, Robson and H.G. Khorana, J. Biol, Chem.,
257,4152-61 (1982).

"Photochemical Cross-linking in Studies of Lipid-protein Interactions”
R.J. Robson, R. Radhakrishnan, A.H. Ross, Y. Takagaki and H.G. Khorana,

Molecular Biology of Lipid-Protein Interactions, (Jost, P.C. and Griffith, O.H.
eds.) Wiley-interscience, New York, Vol. 2, pp. 149-192 (1982).

"Incorporation of Photosensitive Fatty Acids into Phospholipids of Escherichia
Coli and Irradiation-dependent Cross-linking of Phospholipids to Membrane
Proteins"

S.C. Quay, R. Radhakrishnan, and H.G. Khorana, J. Biol. Chem., 256, 4444-9
(1981).

"Photoactivable Carbene-generating Phospholipids: Physical Properties and Use
in Detection of Phase Separation in Lipid mixtures"

W. Curatolo, R. Radhakrishnan, C.M. Gupta and H.G. Khorana, Biochemistry,
20, 1374-8 (1981).

"Interaction of Cholesterol with Photoactivable Phospholipids in Sonicated
Vesicles"

G.E. Gerber, R. Radhakrishnan, C.M. Gupta and H.G. Khorana, Biochem.
Biophys. Acta, 640, 646 (1981).

"Light-driven Proton Translocation by Bacteriorhodopsin Reconstituted with The
PhenylAnalog of Retinal”

H. Bayley, R. Radhakrishnan, K.S. Huang and H.G. Khorana,_J. Biol. Chem.,
256, 3797-3801 (1981).
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PUBLICATIONS (CONTD):

36. "Site of Attachment of Retinal in‘Bacteriorhodopsin”

37.

38.

39.

40.

41.

42.

H. Bayley, K.S. Huang-,ﬁB. Radhakrishnan, Y. Takagaki and H.G. Khorana, Proc.

Natl. Acad. Sci. 'USA 78 2225-9 (1981).

"Photolabeled Phosphohplds in‘Studies of Protein-lipid Interactions: A Study of
Cytochrome bS5 in. Model Membrane”

Y.Takagaki and R. ‘Rvgéiﬁakrishnan,--Féd. proc., 40 (6), 1340 (1981).

“An Alternate Methodzo;f?Pr‘eparin g Radiolabeled Photoactivatable Fatty Acids”
R. Radhakrishnan, R.J. 'Rbbson,' Y. Takagaki and H.G. Khorana, Methods
Enzymol. 72D, 793-4 (1981).

"Recent Studies on Ba’ctériorh‘odopsin"

H.G. Khorana, et. -al.iiin Biomolecular Stereodynamics, (Sarma, R.H. ed.),
Adenine Press N.Y., VolZ 37-54 (1981).

"Synthesis of qulﬁg"dif‘f atﬁy Ac1ds and Glycero Phospholipid Analogs"

R. Radha}mshnap ZRMJ;;Robson Y. Takagaki and H.G. Khorana, Methods
Enzymol., 72D; 408”33((1981*)

"Identification of the‘f i '1d -Binding Site of the Phosphatldylcholme Exchange
Protein with a Photosensxtlve Nitrene and Carbene Precursor Phosphatidylcholine.”

K.W.A. Wirtz; P. M’\ onen and L.L.M. Van Deenen, R. Radhakrishnan, and H.G.
Khorana, Ann. N, Y : rjcad Sci; 347, 247-55 (1980).

"Phosphohplds Contammg Photoactivable Carbene Precursors in Studies of
Biological Membranes

R. Radhakrishnan; CM Gupta, B. Emi, W. Curatolo, R.J. Robson, A. Majumdar,
A.H.Ross, Y. Takagak1 and H.G. Khorana, Ann. N.Y. Acad. Sci., 346, 165-98
(1980). _
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PUBLICATIONS (CONTD):
43. "Investigation of the Structure of Gramicidin A Channel in Model Membranes"
A. Majumdar, R. Radhakrishnan, C.M. Gupta, G.E. Gerber, H.G. Khorana,

Abstracts, XI International Congress of Biochemistry, July 1979, Toronto,
Canada.

44. "Intermolecular Cross-linking of Fatty Acyl Chains in Phospholipids. The Use of
Photoactivable Carbene Precursors”

C.M. Gupta, R. Radhakrishnan, G.E. Gerber, W.L. Olsen, S.C. Quay and H.G.
Khorana,Proc. Natl. Acad. Sci. USA, 76 2595-9 (1979).

45. "Glycerophospholipid Synthesis: Improved general Method and New Analogs
Containing Photoactivable Groups"

C.M. Gupta, R. Radhakrishnan and H.G. Khorana, Proc. Natl. Acad. Sci USA, 74
4315-9 (1977).

46. “Synthesis of a-glucopyranosyl Nucleosides. A Reinvestigation of Hilbert-
Johnson Reaction" .

C.L. Stevens, R. Radhakrishnan and P.M. Pillai, J. Carbohvydr. Nucleosides, 3, 71-
5 (1976).

47. "Synthesis of Hexosamine Nucleosides"

C.L. Stevens, P.M. Pillai and R. Radhakrishnan, Abstracts, 165th National
Meeting of The American Chemical Society, Dallas, Texas, April 73, CARB 18.
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“Capsule Formulation of Pirfenidone and Pharmaceutically Acceptab]e

Excipients”, K. Sultzbaugh, R.Vladyka and R.Radhakrishnan, WO/2007/038315,
April 04, 2007.

. “Pyridone Derivatives For Modulating Stress-Activated Protein Kinase System”,

Lawrence M. Blatt, Scott D. Seiwert, Leonid Beigelman, Ramachandran
Radhakrishnan, W0/2006/122154, November 16, 2006.

. “Interferon Compositions and Methods of Use Thereof’, Scott D. Seiwert,

Lawrence M. Blatt, Hua Tan, Jena ReyDerrick, Jin Hong and Ramachandran
Radhakrishnan, WO/2005/123113, December 29, 2005.

“Compositions and Methods for Treating Hepatitis Viral Infections”,
R.Radhakrishnan, G.Visor, P. Van Vlasselaer and R.B.Love, WO 2003/049760,
June 19;2003.

“Compositions of Pirfenidone to Treat Surgical Adhesions”, R.Radhakrishnan,
InterMune Invention Disclosure, filed May, 16, 2002.

“Compositions and Methods for the Delivery of Nucleic Acid Molecules”. R.
Radhakrishnan, C. Huang, V.J. Dwarki and J. E. Murphy, WO 1999/059638, Nov
25, 1999.

“Therapéutic Collagenase DNA Compositions and Delivery to Treat
Postoperative Surgical Adhesions”, R. Radhakrishnan, Chiron Invention
Disclosure, filed, June 24, 1998.

“Liposome/Bronchodilator Method and System”, P.J. Mihalko, R.M., Abra and R.
Radhakrishnan, US# 5,340,587, Aug 23, 19%4.

“Microreservoir Liposome Composition and Method”, F.J. Martin, M.C. Woodle,
C. Redetnann, A. Yau-young and R. Radhakrishnan, US# 5,225,212, Jul 6, 1993.

“Corticosteroid Inhalation Treatment Method”, R. Radhakrishnan, P.J. Mihalko
and R.M. Abra, US# 5,192,528, Mar 9, 1993.

“Novel Liposome Composition for the Treatment of Interstitial Lung Diseases”,
R. Radhakrishnan, US# 5, 049,389, Sept 17, 1991.

“Novel .Liposome Composition for Sustained Release of Steroidal Drugs”, R.
Radhakrishnan, US# 5,043,165, Aug 27, 1991.
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13.

14.

185.

16.

17.

18.

“Direct Spray,dned Drug/L1p1d Powder Compositions”, M. Durrani, W. Fitch, K.
Fok, R. Radhaknshnan and P.S. Uster, W0/1991/9116882, Nov 14, 1991.

“Novel Llposome Composmon for Sustained Release of Steroidal Drugs in
Lungs”,zR Radhaknshnan US# 4,906,476, Mar 6, 1990.

“Method and: Apparatus for Administering Dehydrated Liposomes by Inhalation”,

R. Radhakrlshnan Pl Mlhalko and R.M. Abra, US# 4,895,719, Jan 23, 1990.

“Liposomes w1th‘ Enhanced Retention on Mucosal Tissues”, L.S.S. Guo, C.T.
Redemann and" Radhakrishnan, US# 4,839,175, Jun 13, 1989.

“Ophthalmic; Llf) Smés ?.:L.S.S.Guo, C.T.Redemann and R.Radhakrishnan,
US#4, 804 539* Fcb 14 1989

“Liposome - Composmon Having Surface Bound Active Proteins Useful for
Assays and in tapy and-Diagnosis of Diseases”, V.T. Kung, C.T. Redemann,
R. Radhaknshnan‘and F:J:Martin, WO# 860432, Jul 31, 1986.
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Report on the Deliberation Resulis

September 16, 2008
Evaluation and Licensing Division, Pharmaceutical and Food Safety Bureau
Ministry of Health, Labour and Welfare

[Brand namc] Glaspia Tablets 200 mg
[Non-proprietary name] Pirfenidone (JAN)*
[Applicant] Shionogi & Co., Lid.
[Date of application] March 12, 2007

[Results of deliberation]

in the meeting held on August 29, 2008, the First Committee on New Drugs concluded that the
product may be approved and decided o place the results of the deliberation before the
Pharmaceutical Affairs Department of the Pharmaceutical Affairs and Food Sanitation Council.
Tn addition, the following conclusions were reached: the product is not classified as a biological
product or a specified biological product; re-examination period is 10 years: and both the drug
substance and the drug product are classified as a powerful drug.

Furthermore, the brand name was changed from “Glaspia Tablets 200 mg” to “Pirespa Tablets
200 mg”™ in theinterests of preventing medical accidents.

*Japanese Accepled Name (modified INN)

This English version of the Japanese review report is intended 10 be a reference maiterial lo provide
convenience for users. In the event of inconsistency between the Japanese original and this English
translation, the former shall prevail. The PMDA shall not be responsible for any consequence
resulting from use of ihis English version.
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Review Report (2)

September 8, 2008
Pharmaccuticals and Medical Devices Agency

{Brand name] :
[Non-proprictary nume)” P,
[Name of applicant] = Co.. Lid.
{Date of application) M.m,h 12 2(3(17

] l.\hh.ts 200 mg

[Results of Review]
The Pharmaceuticals. and M 'xi Dwnus Agency (PMDA)Y asked the spplicant o give
appropriate consideration (o {he zmd name “Glaspia Tablets 200 mg"™ in order to eliminate the
risk of the product- being: mlS((ll\ n*for other pharmaceutical products with similar names.,
Subqequunl\, the applicant nonf'cd Afs. mtentmn to change the brand name 1o “Pirespa Tablets
200 mg.” PMDA found no p“nlu.ular concerns regarding this proposal.

This English version of the Japanese:
convenience for users. In the ev
translation, the former shi vl
resulling from use of this. Englishie

e u;:m! is imtended 1o be a reference material to provide
10 &y henveen the Japanese original and this English
IJ»I shatl not be responsible for any consequence
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Review Report

Pharmaceuticals and Medical

The results of a regulatory review conducted by the Pharmaceuticals and Medical Devices
Agency on the following pharmaceutical product submitted for registration are as follows.

fRrand name| Glaspia Tablets 200 wig

[Noo-proprictary name) Pirfenidone

{Name of applicant] Shionogi & Co., Lid.

[Date of application| March 12, 2007

[Dosage Form/Strength] Tablets containing 200 myg of Pirfenidone in one tablet

[Application classification] Prescription drug (1) Drug with a new active ingredient

[Chemical structure]

Y

I

“l\\\/

N0

f )

HC ™ 7

Moleeular formala: CaH, NO
Molecular weight: 18522
Chemical name:
S-Methyi-t-phenyl-1-H-pyridin-2-one
[Htems warranting special mention]  Qrphan drug
[Reviewing oifice] Office of New Drug IV

This English version of the Japanese review report is intended 1o be a reference material 1o provide
convenience for users. In the event of inconsistency benveen the Japanese original and this English
rransiation, the, formey shall prevail, The PMDA shall not be responsible for any conseguence

resulling from use of this English version.

Auguost 20, 2008
Devices Agency
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Review Results

August 20, 2008

[Brand name| Glaspia Tablets 200 my
[Non-proprietary name] Pirfenidone

[Name of applicant] Shionogi & Co.. Ltd.
[Date of application| March 12, 2007

[Results of review)

The Pharmaceuticals and Medical Devices Agency (PMDA) has concluded that the data and
informativn submitted demonstrate the efficacy and safety of the produet for use in the
treatment of idiopathic pulmonary fibrosis,

PMDA has concluded that an acceptable level of clinical efficacy of this product has been
demonstrated in the data from the Phase 11 studies, ete. With respect to safety, because a high
mcidence of photosensitivity has been observed. and which implies that Pirfenidone has a
photocarcinogenic potential, the risks and benefits of treatment with this product should be
adequately explained to, and fully understood by, the patient before starting the treatment.
Moreover, because adverse drug reactions including gastrointestinal disorders and abnormal
vilues for liver function tests have also been obscrved, the clinical course of the patient should
be carefully monitored after the start of the Pirfenidone treatment. The occurrences of
photosensitivity. skin cancer, ete. should be investigated further in the post-marketing
surveillunce,

As a result ofits regulatory review. PMDA has concluded that the product may be approved for
the following indications and dosage and administration.

{Indications]
Idiopathic pulmonary fibrosis

[Dosage and administration]

The usual initial dosage for an adult is an oral dose of 200 myg of Pirfenidone administered three
times daily (600 mg/day) after a meal, which is increased in increments of 200 mg up to 600 mg
(1800 mg/day) while observing the patient’s condition. The dose may be increased or decreased
according to thé symptoms observed.
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Review Report (1)
July 4, 2008

1. Product Submitted for Registration

[Brand name] Glaspia Tablets 200 mg

{Non-proprietary name] Pirfenidone

[Name of applicant] Shionogi & Co.. Ltd.

[Date of application] March 12, 2007

[Dosage form/Strength] Tablcts containing 200 mg of Pirfenidone in one tablet
[Proposed indications] Idiopathic pulmonary fibrasis

[Proposed dosage and administration]

The usual initial dosage for an adult is an oral dosc of 200 mg of Pirfenidone administered three
times daily (600’ mg/day) after a meal. The dose is increased in increments of 200 mg up to 600
mg (1800 mg/day) while observing the patient’s condition. The dose may be increased or
decreased accordingly depending on the patient’s age and the symptoms observed.

L. Summary of the Submitted Data and the Outline of Review

The data and information submitted by the applicant for the approval review of the product, as
well as the responses (o the inquiries made by the Pharmaceuticals and Medical Devices Agency
(PMDA), are summarized below.

1. Origin or history of discovery and usage conditions in foreign countrics ete.

The active ingredient of Glaspia is Pirfenidone. Pirfenidone is a low molecular welght
compound, which was first discovered by [N (the US). In the early phase of product
development, Pirfenidone was developed as an anti-inflammatory agent; however, after the anti-
fibrotic effect of the drug was found in non-clinical studics, Pirfenidone has been developed as
an antifibrotic drug.

In' Japan, Pirfenidone was licensed to Shionogi & Co., Lid., the applicant, and the clinical
development of Pirfenidone began in Japan in 19JJJ with an intended indication for treatment
of “chronic idiopathic interstitial pneumania,” based on the efficacy of Pirfenidone reported in a
pharmacological study in models of pulmonary fibrosis (lver SN, et al. J Lab Clin Med.
1995:125:779-85), and the cfficacy of Pirfenidone suggested in patients with idiopathic
pulmonary fibrosis in an open-label clinical study conducted in the US {5.3.5-06). The
application for manufacturing approval of the drug product was filed in [JJJJj 20l based on the
data from a placebo-controlied Japanese Phase If study. However, substantive issues including a
deficiency in the evidence supporting the efficacy of Pirfenidone, were identified during the
approval review and: as a result, the application for manufacturing approval was withdrawn in
& 20.. Subsequently, additional studies including a Japanese Phase NI study were
conducted, and because new evidence was obtained to support the efficacy and safety of
Pirfenidone in patients with idiopathic pulmonary fibrosis', another application for marketing
approval of this product was filed,

' As the "Clinical Diagnostic Criteria for ldiopathic Interstitial Preumenia {fourth edition. 2001Y" was established by
the MHLW rescarch group for diffuse lung discascs. and in which idiopathic interstitial preumonia is classified into
the categories of idiopathic pulmonary fibrosis. acutc interstitial prewnonia, and other unexplained interstitial
peumoniag, the name of the proposed indication was changed from “chronic idiopatliic interstitial preumonia™ 1o
“idiopathic pulmonary fibrosis.”
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Pirfenidone is not approved in other countries. but as of R - clinical study involving
patients with idiopathic pulmonary fibrosis is currently being conducted by - in the US
and the EUL

Idiopathic pulmonary fibrosis (IPF) is an intractable disease with poor prognosis, which leads to
a clinical course of chronic and progressive nature. and results in the formation of dense fibrosis
that eventually develops into the irreversible formation of honevcomb Jung (The median
survival is said to be 2.5 (0 5 years; Bjoraker JA. et al. Am J Respir Crit Care Med. 1998:157:
199-203, Nagai S, et al. Sarcoidosis Tase Diffuse Lung Dis. 1999;16:209-214, etc.). There are a
limited number of effective treatments available for [PE. In Japan, the estirmated number of
patients with IPF is approximately 14 000 (Kondo A, et al. FY 1992 Research Report-the MHW
research group for the specified diseases: diffuse lung diseases. 19931118, etc.). Thus, this
product reccived orphan drug designation in September 1998 ( Designation number [10-Drug-A]
No. 113 [September 4, 1998]).

2. Data relating to quality

2.A Summary of the submitted data

2.A.(1) Drug substance

Pirfenidone (drug substance) is registered in the Drug Master File (DMF) under No.
220MF 10130 by Signa S. A. de. C.V. (Mexico). The summary of submitted data pertaining to
the manufacturing process of the drug substance. etc.. and an outline of the review by PMDA
are presented in the Appendix,

Pirfenidone is white to slightly vellowish white crystalline powder. The following
physicochemical properties were investigated: physical description, solubility, hygroscopicity.
thermal analysis, melting point, pH. dissociation constant, partition coefficient, optical rotation,
isomerism, and crystalline polymorphism. Crystalline polymarphism of Pirfenidone was not
detected, and there are no optical or geometrical isomers of Pirfenidone.

‘The chemical structure of Pirfenidone was determined by elementary analysis, ultraviolet (UV)
spectrum, infrared (IR) spectrum, nuclear magnetic resonance spectrum ('H-NMR_ *C-NMR),
mass spectrum, and crystal x-ray diffraction. Related substances, residual solvents. and
morganic compounds were investigated as impurities.

The drug substance specifications are set for physical description, identification (UV-VIS
spectrum, 1R spectruny), water content, purity (heavy metals, __. related substances
[HPLC]), residue on ignition, and assay (HPLC), Initially. the set limits for each related
substance was not more than .% and the set acceptance criteria for the total amount of all
related substances was not more than '%; however. these acceptance criteria were changed
during the approval review process [see “Outline of the Review by PMDA™].

With respect to the stability of the drug substance, the long-term testing (25°C, 60% RH,
shielded from light, ' months), another long-term testing {.°C. , shielded from light,
. months), and the accelerated testing (40°C. 75% RH, shielded from light, 6 months) were
conducted using 3 batches of drug substance that were manufactured at a commercial scale,
packaged in double polyethylene bags, and placed in a fiber drum. In these tests, the physical
description, identification (IR), purity (related substances), water content (_"C

). and contemt of Pirfenidone® were determined. Furthermore, the physical

? These attributes were evaluated bhased vn the specifications for release testing that bave been set by the DMF holder.
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description, identification, related substances, water content, and content of Pirfenidone® were
investigated in the following stress tests: heated (.°C, - shielded from light,
. months); humidified ('“C, l% RH, shielded from light, - I months});
exposure to light (25°C, petri dish covered with plastic wrap. 1.2 million Ix-hr and 200
W-hr/m®); and -(!"C s R, e A < and B W-hr/m?). Because no
marked changes in the quality of the drug substance were observed for any of the attributes
tested in these stability tests. the re-test period for the drug substance was determined to be .
years when stored at room temperature in the packaging conditions described above.

2.A.(2) Drug Product

The drug product is a film-coated tablet comprising the drug substance, vehicle, disintegrant.
binder. lubricant, colorant, and coating agent. The proposed drug product contains 200 mg of
Pirfenidone. The excipients used in the tablets are listed either in the Japanese Pharmacopoeia
(fP} or in the*Japanese Pharmaceutical Excipients (JPE), and none of the excipients used are
new. Although the formalation of the pharmaceutical product used in the Phase | single dose
study differs from that of the proposed drug product, the bioequivalence of these two products
has been demonstrated through a dissolution test conducted in accordance with the “Guideline
for bioequivalence studies for formulation changes of oral solid dosage forms™ (PMSB/ELD
Notification No.67, dated February 14. 2000) and “Partial revision to the guidelines for
bioequivalence of generic drugs™ (PMSB/ELD Notification No.786. dated May 31, 2001).

. The manufacturing process consists of the first step (_). the second step (—),,

the third step ( ), the fourth step (packaging and labeling). and the fifth step (testing
and storage). The step is regarded as the critical step, for which process control items and
control values are predetermined.

The specifications for the drug product are set for physical description (appearance).
identification (TLC). mass variation test. dissolution test. and assay (HPLC). Initially. a purity
lest (related substances) was considered: however, because neither an increase in the amount of
related substances nor any generation of new degradation products was observed during
manufacturing, a purity test was excluded from the specifications. Moreover, based on the
content of active ingredient and the mass ratio of the product. the mass variation test is used for
uniformity of dosage units.

Regarding the stability of the drug product, the long-term testing (25°C. 60% RH, shielded from
light, 36 months) and the accelerated testing {40°C, 75% RH, shielded from light, 6 months)
were conducted using the pilot scale batches that were packaged in either a PTP sheet or a
polyethylene bottle. Furthermore, the stress testing (exposure to light [25°C, petri dish, 1.2
million Ixhr and 200 W-hr/m’]) was conducted. In these tests. the physical description,
identification (TLC), mass variation, related substances, dissolution test. h,
and contents were investigated. No marked changes on the quality of the drug product were

observed'in any of the attributes tested in these stability tests, and thus, the stability of the drug
product stored for 36 months was confirmed.

2.B Outline of the review by PMDA

2.B.(1) Drug substance

PMDA asked the applicant to reconsider the set acceptance criteria for related substances of the
drug substance that read as follows “the set limits for each related substance are not more than

* Thesc attributes were evaluated based on the specifications for acceptance resting that have been set by the
applicany,
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l"/n" because the proposed limits, based on the maximum clinical dose of Pirfenidone (1800
mg/day), are higher than the identification threshold (1.0 my/day) and qualification threshold
(1.0 mg/day) that are given in the “Impurities in New Drug Substances™ (PFSB/ELD
Notification No.1216001, dated December 16, 2002).

The applicant responded that the company would change the acceptance criteria for related
substances of the drug substance to “the limits for cach related substance are not more than
B

With regard to the fact that the specifications proposed by the applicant differ in part from the
specifications registered in the Drug Master File, PMDA asked the applicant to provide the
rationale for the difference and explain its validity,

The applicant explained as follows:

The specifications for release testing conducted by the drug substance manufacturer are set for
physical description, identification, water content, the residue on ignition, analysis for heavy
metals, related substances (HPLC), content of Pirfenidone (HPLC), and loss on drying. The set
limits for related substances were no more than o4 for related substance A, no more than l%
for related substance B, no more than .% for related substance C. no more than l% for related
substance D, and no more than l% for the most abundant species of unidentified related
substances (The acceptance criteria for the release testing of the related substances A, B, D, and
the most abundam species of unidentified related substances were changed from “no more than

l%" during the abovementioned review period). and no more than .% for the total amount of

all related substances. There are differences in the specifications berween the release testing and
the acceptance testing proposed by the applicant. as presented in the table below, and the
differences arise from the following facts:

. the applicant and the drug substance manufacturer possess different analytical equipment and
use a different pharmacopeia as their reference. Consequently, they use a different set of testing
methads (specifications) that are easily manageable with the equipment they possess and the
pharmacopeia they use as a reference:

b. that because the related substance contents observed in aciual measurements of the
aceeptance criteria items, and in the long-term testing. accelerated testing, and stress testing
were less than ."/‘o and because h separate acceptance criteria
for individual related substances were not set;

¢. and that although loss on drying was included in the specification for the release testing in
order to control . it is considered unnecessary to include loss

on drying in the specification for the acceptance testing because the results of the batch analysis
showed b The specifications for the

acceptance testing were appropriately validated. and the differences in the testing methods
between the acceptance testing and the release testing do not influence the quality control of the
drug substance,
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Table. Differences from the DMF in specifications for the drug substance

Test itern

Release testing for drug substance

Aceeptance testing before the product
manufisciuring process

Tdentification (1)

The United Swates Pharmacopeia is used as

a reference for the general test procedures

The Japanese Pharmacopocia is used us a
Teference for the general test procedures

identificsnion (23

The United States Pharmocopeis is used us
a refesence for the general test procedures

The Japancse Pharmacopoeia is used as a
reference for the general (est procedures

LB

The related  substance  conteml s
determined  using  previously identitied
related substinces as a reference standard
and compared with the acceptance criteria
for individual related substances
Volumerric titration

The  aceeplance  criteria  are  not
predetermined  for  individual  related
substances.  In addition,  HPLC s
performed under ditferent conditions.

Refated substances

Water content Coulometrictitration

Content of HPLC is  performed  wnder  different
Pirfenidone conditions,
Luss on drying Specilicd. Not specitied

2.B.(2) Drug product
PMDA asked the applicant to explain what investigations were carried out with regard to the
stability of the drug product under high temperature and high humidity conditions.

The applicant explained as follows:

Stability tests were performed under conditions of high heat (I - W months)
and high humidity (h, .”C.%RH, l months), but no changes were observed in physical
description, dissolution rates, and the content of Pirfenidone nor was any increase observed in
the content of related substances. The product quality can be thus. guaranteed if the drug product
is distributed in Japan.

PMDA accepted the above-stated responses, and concluded that the proposed specifications,
storage conditions. and re-test period for the drug substance, and the proposed specifications,
storage conditions. and expiration period for the drug product are appropriate.

3. Non-clinical data

3.(i) Summary of pharmacology studies

The efficacy of Pirfenidone was investigated in a bleomycin (BLM)-induced puimonary fibrosis
madel and in an endotoxin shock model as the primary pharmacodynamic studies. In addition,
in vitro studies of the effects of Pirfenidone on fibroblast proliferation, collagen production,
TGF-Bl  production, and TNF-u production were conducted. As the secondary
pharmacodynamic studies, the inhibitory effects of Pirfenidone on humoral mnmunity, and
cellular immunity were investigated. As the safety pharmacology studies, the effect of
Firfenidone on the central nervous system, cardiovascular system, respiratory system, and
gastrointestinal system was investigated in accordance with the guidelines for general
pharmacology studies and safety pharmacology studies for human pharmaceuticals.
Pharmacological drug interaction studies have not been conducted.
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3.(i).A Summary of the submitted datu

3.()-A.(1) Primary pharmacodynamics

3ui). A(1).1) The effect of Pirfenidone in a BLM-induced pulmonary fibrosis model

a. Prophylactic administration (4.2.1.1-01)

The effect of Pirfenidone was assessed using the following procedures. Pulmonary fibrosis was
induced in ICR mice by intravenously administering BLM for 3 days. Pirfenidone was orally
administered to the mice three times daily at doses of 3.3, 10, or 33.3 mg/ka (10, 30, or 100
mg/kg/day) for 6 weeks. Administration of BLM and the Pirfenidone treatrent started on the
same day. The administration of Pirfenidone inhibited both the BLM-induced increases in the
wet and dry weights of the left lung and the increase in the hydroxyproline content of the lung
tissue (an index for the amount of collagenous fibers), in a dose-dependent mamner. The EDjg
value for inhibition of the increase in hydroxyproline content was 24.6 mg/kg/day.

Histopathological examination of the right lung of BULM-treated control mice showed the
thickening of the basal regions near the blood vessels and the bronchi and diffuse fibrotic
lesions occurring mostly along with the outer edges of the lung. typical of BLM-induced
fibrosis. These changes in the lung tissue were dose-dependently inhibited by Pirfenidone
treatment. The fibrosis score was 1.2 in normal mice. The fibrosis score increased to 5.0 in the
BLM-treated control group (the 0.5% CMC group). Fibrosis scores of 3.2, 4.4, and 3.4 were
observed in the 10. 30 and 100 mykg/day Pirfenidonc-treated groups, respectively. The
pereentage of fibrotic area in the lung measured under a light microscope was 18.7% in normal
mice; whereas in the BLM-treated control group (the 0.5% CMC group). the percentage
increased to 27.7%. The percentages of fibrotic area in the Pirfenidone treated Lroups were
25.0%, 22.5%. and 21.1% in ihe 10, 30. and 100 mg/kg/day Pirfenidone-treated groups,
respectively.

"With regard to the changes in the plasma concentration of the unchanged drug following the
administration of the last dose of Pirfenidone, the Cyq valucs were 3.93 and 9.48 pe/mb. and
AUCu.g, values were 2.50 and 5.82 pg-hr/mlL in the 30 and 100 mg/kg/day Pirfenidone-treated
groups, respectively. In all dose gronps. the trough plasma concentrations were below the
quantification limits (0.1 pg/mlL).

Based on the data presented above, the applicant explained that the anti-fibrotic effect of
Pirfenidone is attainable within a clinical dose range, becausc the C,,,c value was approximately
10 pg/mL (5.3.3-08) when o dose of 1800 mg/day, which is the maximum daily dosc in clinical
settings. was administered repeatedly to healthy Japanese adult men.

b. Therapeutic administration (4.2.1.1-02)

The effect of Pirfenidone was assessed using the following procedures. Pulmonary fibrosts was
induced in [CR mice by intravenously administering BLM for 5 days. Pirfenidone treatiment
began two weeks after the start of the BLM treatment. Pirfenidone was orally administered to
the mice three times daily at doses of 3.3, 10, or 33.3 mg/kg (10, 30, or 100 mg/kg/day) for 4
weeks. In the BLM-treated control group an increase in the wet weight, dry weight, and
hydroxyproline content of the left lung tissue was observed two wecks after the start of BLM
treatment, and a further increase was observed at the sixth week. These increases were dose-
dependently inhibited by the Pirfenidone treatment. The EDsy value for inhibition of the
increase in hydroxyproline content of the lung tissue was 58.3 mg/kg/day. In the 100 mg/kg/day
Pirfenidone group, the hydroxyproline content of the lung tissue stayed at approximately the
same level after the Pirfenidone treatment started. Thus, the applicant interpreted this
observation as a suggestion that Pirfenidone does not have a therapeutic effect on already
formed fibrotic-lesions, but can inhibit the progression of fibrosis during the time Pirfenidonc is
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administered =

Histopathological examination of the right lung of BLM-treated control mice showed a fibrotic
thickening of the basal regions near the blood vessels and the bronchi, and typical diffuse
fibrotic lesions oceurring mostly along the outer edges of the lung. These changes in the lung
tissue were dose-dependently inhibited by Pirfenidone treatment. The fibrosis score was 1.6 in
normal mice. The fibrosis score increased to 6.2 in the BLM-treated control group (the 0.3%
CMC group). The fibrosis scores for the Pirfenidone treatment groups were 5.8, 3.5, and 3.1 in
the 10, 30 and 100 mg/ke/day Pirfenidonc-treated groups, respectively. The percentage of
fibrotic area in the lung measured under a light microscope was 24.5% in normal mice, whereas
in the BLM-treated: control group (the 0.5% CMC group),. the percentage increased to 33.5%.
The percentages of fibrotic area for the 10, 30, and 100 mg/kg/day Pirfenidone-treated groups
were 30.1%. 27.1%. and 25,1 %, respectively.

With regard to the changes in the plasma concentration of the unchanged drug following the
administration of the last dose of Pirfenidone. the Co,. values were 3.65 and 8.97 jig/ml., and
AUCq.u, values were 2.53 and 4.83 pg-hre/mL in the 30 and 100 mg/kg/day Pirfenidone-treated
groups, respectively. In all dose groups. the trough plasina concentrations were below the
quantification limits (0.1 pg/mlL).

¢. Comiparison 6f effects with steroids (4.2,1.1-03)

The cffects of Pirfenidone and Prednisolone were compared using the following procedures.
Pulmonary fibrosis was induced in ICR mice by intravenously administering BLM for 5 days.
Pirfenidone was orally administered three times daily at a dose of 33.3 mg/kg (100 mg/kg/day)
for 6 weeks. Prednisolone was orally administered once daily at a dose of 3 or 1§ mg’kg for 6
weeks. Administration of BLM and the treatments with Pirfenidone or Prednisolone started on
the same day. The BLM-induced increases in the wet and dry weights of the left lung, and the
increase in the hydroxyproline content of the fung tissue were inhibited by the Pirfenidone
treatment, whereas no such inhibition was observed with either of the Prednisolone doses.

With regard to the histopathological examination of the ri ght lung, the fibrosis score was 2.5 in
normal mice. The fibrosis score increased to 5.6 in the BLM-treated control group (the 0.5%
CMG group). The fibrosis scores for the 100 mg/kg/day Pirfenidone-treated. group was 4.2;
whercas the fibrosis scores i the 3 and 135 mg/kg/day Prednisolone-treated groups were 5.4 and
5.3. respectively. The percentage of fibrotic area in the lung measured under a light microscope
was 19.2% in noromal mice: whereas in the BLM-treated contro) group (the 0.5% CMC group).
the pereentage increased to 27.7%. The percentage of fibrotic arca in the 100 mg/kg/day
Pirfenidone-treated group was 21.5%. The percentages in the 3 and 15 mg/kg/day Prednisolone-
treated groups were 23.2 and 23.4%, respectively.

d. Effect on the changes in the cencentration of cytokines in the lung (4.2.1.1<04)

The effect of Pirfenidone on the changes in the concentrations of 1L-10, IL-4, IL-6, 1L-12p70Q,
[FN-y. MCP-1, TNF-a. SDF-l0, IL-12pd0, IL-18, TGF-Bl. and b-FGF in the left lung was
assessed using the following procedures. Pulmonary fibrosis was induced in [CR mice by
intravenously administering BLM for § days. Pirfenidone was orally administered three times
daily at a dose of 10 or 33.3 mg/kg (30 ar 100 mg/kg/day) for 4 weeks. Prednisolone was orally
administered once daily at a dose of 15 mg/kg for 4 weeks. Administration of BLM and
treatment with Pirfenidone or Prednisolone started on the same day. BLLM induced inflammatory
edema in the right lung, which peaked at the tenth day (Day 10) after the BLM administration,
and an increase in the hydroxyproline content of the lung tissue, which peaked at the 28th day
(Day 28). The Pirfenidone treatment inhibited the inflammatory edema and the increase in the
hydroxyproline content of the lung tissuc. Prednisolone treatment inhibited only the



inflammatory edema. In (his experimental model. the increase in the concentration of

inflammatory cylokines 1L-1} and 1.-6 peaked at the fourth day (Day 4) after the stant of BLM
adnuinistration. and the increase in the concentration of the chemokine MCP-1 peaked at the
tenth day (Day 10}, and both increases were inhibited by Pirfenidone and Prednisolone.
Although no BLM-induced changes in the concentration of TNF-u were observed in this
experimental model, TNF-q production was inhibited by both Pirfenidone and Prednisolone. In
this experimental model, the increase in the concentration of b-FGF. which is thought to be
mvolved in fibrosis formation, peaked at the tenth day (Day 10) afier the start of BLM

administration, and the increase in the concentration of TGTF-B1 peaked at the 28th day (Day 28).

An increase iii the concentration of 11L-12p40 and a decrease in the concentration of IFN-y were
oabserved at the tenth day (Day 10) and 28th day (Day 28). Pirfenidone inhibited the changes in
the concentration of b-FGF, TGF-31, 1L-12p40. and I[FN-y in a dose-dependent manner. On the
contrary, Prednisolone inhibited only the increase in the concentration of 11.-1 2pa0. Compared
with the control group of normal mice. an increase in the concentration of IL-12p70 was
observed at the fourth day in BLM-treated mice, but neither Pirfenidone nor Prednisalone
treatment showed any effeet on the increase. In addition, there was an increase in the
concentrations of IL-18 and SDF-1a which peaked at the tenth day. This increase was inhibited
by Pirfenidone, but only in the 100 mg/kg/day dose group. No BLM-induced changes in the
concentration of 1L-4 were observed in this experimental model, and neither Pirfenidone nor
Pednisolone treatment had any effect of 11.-4 concentration. Based on the data presented above,
the applicant speculated that both Pirfenidone and Prednisolone inhibit the production of
inflammatory cytokines and chemokines, which in turn inhibits inflammatory edema; and,
because only Pirfenidone can inhibit the increases in the concentration of b-FGF and TGF-Bl as
well as the decrease in the concentration of 1FN-y, only Pirfenidone can exert an inhibitoty
effect against the increase in the hvdroxvproline content of the fung tissue.

3.(1).A.(1).2) Effect on endotoxin shoek maodel

a. Effect on mortality rate (4.2,1.1-05)

The effect of Pirfenidone on mortality rates was assessed using the following procedurces. Acute
inflammation was induced in CS7BL/6 mice by intraperitoneally administering E.-coli LPS and
D-galactosamine (D-gal). Pirfenidone was orally administered 15 minutes belore the LPS/D-gal
administration. at doses of 100, 300, or 500 mg/kg. The mortality rate 72 hours post-
administration was 100% in the control group (treated with 0.5% CMC); whereas in the
Pirfenidone-treated groups, the mortality rate decreased in a dose-dependent nianner. All mice
survived in the 500 mg/kg dose group, and half of the mice survived in the 100 mgfkg dose
group. Moreover, when a 500 mg/kg dose of Pirfenidone was orally administered 1, 2, 3, 4, or
bour(s) after the LPS/D-gal administration. the mortality rate decreased as the interval betaveen
the LPS/D-gal administration and Pirfenidone administration became shorter. Half of the mice

treated with Pirfenidone within 4 hours were alive 120 hours after the LPS/D-gal administration.

h. Effect on liver injury (4.2.1.1-06)

The effect of Pirfenidone on liver injury was assessed using the following procedures, Acute
inflammation was induced in CS7BL/6 mice by intraperitoneally administering LPS/D-gal. A
500 mg/kg dose of Pirfenidone was orally administered 5 minutes. before or 4 hours after the
LPS/D-gal administration. The livers were removed 6 hours after the LPS/D-gal administration.
In the control proup {treated with 0.5% CMC), the removed livers showed DNA ladder
formation indicative of hepatocyte apoptosis, hemorrhagic necrosis of the tissue, and apoptosis-
positive cells. In both Pirfenidone-treated groups. the removed livers were nearly normal.

¢. Effect on cytokine production (4.2.1.1-06)
The effect of Pirfenidone on the changes in the serum concentration of TNF-a, TL-12, IFN-y and
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IL-10 was assessed using the following procedures. Acute inflammation was induced in
CSTBLIG mice by intraperitoncally administering LPS/D-gal. A 500 mg/kg dose of Pirfenidone
was orally administered 3 minutes before the LPS/D-gal administration. In the control group
(treated with 0.5% CMC), an increase was observed in the concentrations of TNF-a. 1L-12. and
IFN-y, which peaked at 1.25. 3, and 4.5 hours after the LPS/D-gal administration, respectively.
In the Pirfenidone-treated groups, these increases in the cytokine concentrations were inhibited.
With regard to 1L-10, the control group (treated with 0.5% CMC) showed a biphasic production
of IL-T0 with concentration peaks at 1.25 and 4.5 hours afier the LPS/D-gal administration. 1n
the Pirfenidonc-treated groups. a greater increase in the 1L-10 production was observed with a
concentration peak at 3 hours after the LPS/D-gal administration.

d. Dose-dependence of the drug effect on cytokine production (4.2.1.1-05, 4.2.1.1-06)

The effect of Pirfenidone on the serum concentration of eviokines was assessed using the
following procedures. Acute inflammation was induced in CSTBL/6 mice by intraperitoneally
administering LPS/D-gal. Pirfenidone was orally administered 3 minutes before the LPS/D-gal
administration at doses of 30, 100, 300, or 500 mg/kg. Pirfenidone dose-dependently inhibited
the increasc in the concentration of TNF-u at 1.25 hours after the LPS/D-gal administration. and
the increases in the concentration of IL-12 and IFN-y at § hours after the LPS/D-gal
administration. The minimum effective dose was 30-100 mg/kg. Moreover, Pirfenidone dose-
dependently enhanced the increase in the concentration of Ho-10 at 3 hours afiter the LSP/D-gal
administration.

e. Effect on TGF-B1 production in the liver tissue (4.2.1.1-07)

The effect of Pirfenidone on TGF-B1 production in liver tissue at 6 hours after the LPS/D-gal
administration was assessed using the following procedures. Acute inflammation was induced in
C57BL/6 mice by intraperitoncally administering LPS/D-gal. A 500 me/kg dose of Pirfenidone
was orally administered 5 minutes before or 4 hours after the LPS/D-gal administration. An
increase in the liver tissue concentration of TGE-B1 was observed in the control group {lreated
with 0.53% CMC). The administration of Pirfenidone 3 minotes before. the LPS/D-gal
administration resulted in an 82.3% inhibition of the increase in the tissue concentration of
TGF-fi; while. the administration of Pirfenidone 4 hours afier the LPS/D-gal administration
resulted in an 81.3% inhibition of the increase,

f. Effect of the drug and drug metabolites on TNF-u production (4.2.1.1-08)

The inhibitory effect of Pirfenidone on the increase in the TNF-u production at 1.25 hours after
the LPS/D-gal adminisiration was compared with that of S-hydroxymethyl and 3-carboxylic
acid metabolites of Pirfenidone using the following procedures. Acute inflammation was
induced in CS7BL/6 mice by intraperitoneally administering LPS/D-gal. Pirfenidone, or its 5-
hydroxymethyl or S-carboxylic acid metabolites were orally administered 10 minutes before the
LPS/D-gal administration, at doses of 100, 300, or 500 mg/kg. Pirfenidone and its 5-
hydroxymethyl metabolite showed a dose-dependent inhibitory effect. and the estimated EDs,
values were 148 my/kg and 281 mg/kg, respectively. On the other hand, the 5-carboxylic acid
metabolite did not show any inhibitory cifect.

3.(5).A.(1).3) In vitro effect

a. Effect on proliferation of human fibroblasts (4.2.1.1-09)

The effect of Pirfenidone on the proliferation of human lung fibroblasts, WI-38, was
investigated using ["H] thymidinc incorporation as a marker of cell proliferation. Addition of 1
to 300 ng/mL Pirfenidone resulted in concentration-dependent inhibition of the proliferation of
WI-38 cells. The ICsy value was 230 pg/mL, and the minimum effective dose was 10 ag/mL. No
cytotoxic effect was observed in doses up to 300 pg/m.
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b. Effect on collagen production in human fibroblasts (4.2.1.1-10)

Collagen production was induced by adding TGF-B1 to human tung fibroblasts, Wi-38. The
effect of Pirfenidone on collagen synthesis was investigated using ['H] proline incorporalion as
a marker of collagen production. Addition of 1 © 300 pg/mL. Pirfenidone resulted in
concentration-dependent inhibition of collagen production. The 1C« value was 10 pg/ml., and
the minimuny.effective dose was 30 pg/ml..

¢. Effect on TGF-B1 production in human menocytic cells (4.2.1.1-11)

Production of TGF-1 was induced by adding 1.PS to human monocytic THP-1 cells, and the
effect of Pirfenidone on the TGF-BI peoduction was investigated. Addition of 0.1 to 300 pg/ml.
Pirfenidone resulted in concentration-dependent inhibition of TGF-$1 production. The 1Cs
value was 44,3 pg/mi., and the minimum effective dose was 6 ng/ml,.

d. Effect on TNF-¢ production in human monocytic cells (4.2.1.1-12)

Production of TNF-o. was induced by adding LPS (o human monoceytic THP-1 cells, and the
effect of Pirfenidone on the TNF-u production was invest igated. Addition of 0.1 ta 300 pg/mL
Pirfenidone resulted in concentration-dependent inhibition of TNF-« production. The 1Cs value
was 30.7 ug/imL, and the minimum effective dose was 6 w/mlL.

e. Effect of the drug and drug metabolites on TNF-« production in human monocytic cells
4.2.1.1-13)

Production of TNF-¢ was induced by adding LPS to human monocytic THP-1 cells, and the
effect of Pirfenidone and its S-hydroxymethy! and S-carboxylic acid metabolites on the TNF-u
production was investigated, Addition of 10 to 300 ng/mb Pirfenidone as well as addition ol 10
to 300 pg/mL of the S-hydroxymethyl metabolite of Pirfenidone resulted in concentration-
dependent inhibition of TNF-u production. The ICy values for Pirfenidone and its 3-
hydroxymethyl metabolite were 48.3 pg/ml and 108.6 pg/ml., respectively. With regard to the
3-carboxylic acid metabolite of Pirfenidone, only the addition of 300 pg/ml showed a tendency
of inhibition,

3.(i).A.(2) Secondary pharmacodynamics

3.(i).A.(2).1) Effect on humoral immunity (4.2.1.2-01)

Sheep red blood cells (SRBC) were intravenously administered to C3H mice to induce anti-
SRBC antibody-producing cells in the spleen, and the effect of Pirtenidone and cyclosporine on
the anti-SRBC antibody-producing spleen cells was determined by enumerating plaque-forming
cells. Pirfenidone was orally administered at-a dose of 250 mg/kg twice daily (500 mg/kg/day)
for 4 days, and cyclosporine was orally administered at a dose of 100 mg/kg once daily for 4
days. The administration of cyclosporine resulted in an 82% inhibition in the number of plague-
forming cells, whereas the administration of Pirfenidone resulted in an 11% inhibition in the
number of plaque-forming cells. The increase in serum antibody titer was checked using an
agghitination method. The results showed that whercas eyclosporine nhibited the inerease in
anti-SRBC antibody titer to normal (baseline) levels, the Pirfenidone treatment had no
inhibitory effect on anti-SRBC antibody production.

3.(1).A.(2).2) Effcct on cellular immunity (4.2.1.2-01)

BDFI mice were sensitized by subcutanecusly injecting methylated bovine serum albumin
(mBSA), and the effect of Pirfenidone and cyclosporine against the DTH reaction induced by
the mBSA injection into the foot pad was investigated by measuring the foot pad thickness.
Pirfenidone was orally administered at a dose of 250 mg/kg twice daily (500 mg/kg/day) for 10
days. Cyclosporine was orally administered at a dose of 100 mg/kg once daily for 10 davs. The
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administration of cyclosporine resulted in 2 92% inhibition of foot pad swelling at the time point
24 hours after mBSA injection. whercas the adiministration of Pirfenidone resulted in a 19%
mhibition of foot pad swelling al the same time point.

3.()-A.(3) Safety pharmuacology
3.(i).A.(3).1) Effect on central nervous system
a. Effect on general symptoms and hehaviors in mice (4.2.1.3-01)

The effect of Pirfenidone on general symptoms and behaviors following a single dose of

Pirfenidone administered orally at 30, 100, or 300 mg/kg was investigated. In the 30 mg/ky
group, sedation and ptosis were observed in 1 of 4 mice. In the 100 mg/Ke group, sedation was
observed in all micer in addition, abnormal body position, ptosis. and hypothermia were
observed. In the 300 mg/kg group, in addition to the symptoms found in the 100 mg/kg dosed
group. abnormal positioning of the limbs and a staggering gait were observed. These symptoms
disappeared 2 hours after the Pirfenidone administration. No effect was observed on the number
of fecal pellets, urine volume, body weight, or food consumption at all doses tested {(from 30
mg/ke to 300 mg/ky).

b. Effect on general symptoms and behaviors in dogs (4.2,1.3-02)

The effect of Pirfenidone on general symptoms and behaviors in dogs was investigated. Three
escalating single doses of Pirfenidane, 30 mg/kg, 100 mg/kg, and 300 mg/kg, were orally
administered successively at 7-day intervals. Vomiting was seen in 1 of 4 dogs after the
administration of the 100 mg/kg dose, and in all dogs after the administration of the 300 mg/kg
dose. Increased ambulation was noted in all dogs after the administration of 100 and 300 mg/kg
doses. Morcover, increased water-drinking behavior was noted in 3 of 4 dogs after the
administration of the 100 ma/kg dose, and in all dogs afier the administration of the 300 mg'kg
dose,

¢. Study on the onset mechanism of vomiting in dogs (4.2.1.3-03)

In order to investigate the mechanism of Pirfenidone in causing vomiting, dogs were treated
with cither a serotonin 5-HT; receptor antagonist (azasctron hydrochloride) or a dopamine D
feceptor antagonist (metoclopramide hydrochloride) before receiving a 200 mg dose of
Pirfenidone. The number of vomiting episodes and latency to vomiting were measured.
However, neither the serotonin 3-HT; receplor antagonist nor the dopamine D, receptor
antagonist showed any antiemetic effect.

d. Effect on locomotor activity in mice (4.2.1.3-01)

The eifect of Pirfenidone on locomotor activity following the oral administration of single doses
of 30. 100. or 300 mg/kg was investigated. The total locomator aclivity over a 30-minute period
after the administration of a 100 or 300 mg/kg dose of Pirfenidone decreased to 33.7% and
28.4%, respectively. of those of the control group (treated with 0,5% CMC).

e, Effcct on pentobarbital anesthesia in mice (4.2.1.3-01)

The effect of Pirfenidone on the duration of deep anesthesia induced by intravenous
administration of pentobarbital was assessed. Pirfenidone was administered orally at a dose of
30. 100, or 300 mg/kg. The administration of Pirfenidone dose-dependently increased the
duration of deep anesthesia induced by pentobarbital. The duration of deep anesthesia was 36.5
miriutes in the control group (treated with 0.5% CMC), whereas in the group given the
300 mg/kg dose of Pirfenidone, the duration of deep anesthesia was increased to 55.1 minutes.

f. Effect on clectrically induced convulsion in mice (4.2.1.3-01)
The effect of Pirfenidone on the threshold current needed to cause tonic extensor convilsions

Fas



{convulsive threshold current) was assessed, Pirfenidone was administered orally at a dose of 30,

100, ve 300 mg/kg. Pirfenidone dou—dcpuxdunlv increased the convulsive threshold eurrent.

The threshold current was 12.3 mA in the control group (reated with 0.5% CMC). whereas in
the 300 mgkg Pirfenidone group. the threshold current was increased to 19.3 mA.

g. Effect vo pentylenctetrazol (PTZ)-induced convalsion in mice (4.2.1.3-01)
"Hu, eftect of Pirfenidone on the threshold dose of PTZ necded to cause clonic convulsions
(convulsive threshold dosc) was assessed. Pirfenidone was administered orally at a dose of 30,
100, or 300 mg/kg while PTZ was administercd by continuous intravenous infusion. Pirfenidone
dOSc-dLPUldcn!l\’ mereased the convulsive threshold dose. The threshold dose was 40. 1 mgkg
in the control group (treated with 0.5% CMC), whereas in the 300 mg/kg Pirfenidone group, the
threshald dose was inercased to 56.5 mg/kg.

h. Effect on acctic acid-induced writhing (pain response) in mice (4.2.1.3- 01)

The effect of Pirfenidone on the number of writhing movements induced I by intraperitoneal
administration of acetic acid was investigated. Pirfenidone was administered orally at a dose of
30. 100. or 300 mg/kg. Pirfenidone dose-dependently decreased acetic acid-induced writhing.

The number of writhing movements was 19 in the control group (treated with 0.5% CMCO),

wherceas in the 300 mg/kg Pirlenidone group. the number of wr ithing movements decreased to 3.

i. Effect on body femperature in mice (4.2.1.3-01)

The effect of Pirfenidone on rectal temperature was investigated. Pirfenidone was administered
orally at a dose of 30, 100, or 300 mg/kg. Compared with the control group (treated with (0.5%
CMC). the rectal temperature was decreased by 1.6°C in the 100 mg/kg Pirfenidone group |5 to
30 minutes after Pirfenidone was administered. and by 1.3°C to 3.3°C in the 300 mye/kg
Pirfenidone group 15 to 60 minutes afler the adnninistration.

i- Effect on extracellular dopamine concentration in the rat hypothalamus (4.2.1.3-04)
Since it was suspected that the central dopamine-mediated inhibition of prolactin secretion was
involved in the onset mechanism for the uterine adenoma and uterine cancer observed in rats in
a carcinogenicity stady, the effect of Pirfenidone on the extracellular dopaimine concentration in
the hypothalamus was investigated using a microdialysis technique. Pirfenidone was
administered orally at a dose of 30, 100. or 300 mg/kg. No Pirfenidone-related changes were
observed in the 30 mg/kg dose group. However. in the 100 and 300 mg/kg dose groups, an
increase in the dopamine concentration was observed 20 1o 80 minutes and 20 to 120 minutes,
respectively. after the administration. In the 100 and 300 mg/kg dose g s,roups_. the maximum
percentage increase from the pre-dose concentration reached 270% and 1203%, respectively.

k. Effect on extracellular dopamine concentration in the rat striatam (4.2.1.3-05)

In order to confirm the site-specificity of Pirfenidone in increasing the  extracellular
concentration of dopamine. the effect of Pirfenidone on the extracellular dopamine
concentration in the rat striatum was investigated using & microdialysis technique. Pirfenidone
was administered orally at a dose of 30. 100. or 300 mgkg The resulis showed an
approximately 8% decrease in the 300 mg/kg dose group: however, no other effect was noted.
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3.(i).A.(3).2) Effect on cardiovascular system )
a. Effect on blood pressure, heart rate, blood flow, and ECG in ancsthetized rats {4.2.1.3-
01
The cffect of Pirfenidone on blood pressure, heart rate, abdominal aortic blood flow. and ECG
was investigated. Pirfenidone was intraduodenally administered at a dose of 10, 30, 100, and
300 mg/kg. In the 10 my/kg dose group, no effect of Pirfenidone was observed on any of the
above parameters; however, at dose rates of 30 mg/kg and above, a decreased blood pressury
and an increased abdominal aortic blood Now were observed. In addition, an increased heart rate
as observed in the 100 and 300 mg/kg dose groups. With regard o the ECG isolated
ventricular extrasystoles were observed in 2 of 6 rats in the contro! group (treated with 0.5%
CMC): whereas in the 10, 30, 100, and 300 mgkg Pirfenidone groups, isolated ventricular
extrasystoles were observed in 3 of 6. 3 of 6, 4 of 6, and 5 of 6 rats, respectively. Moreover, in
the 300 mg/kg Pirfenidone group. consecutive ventricular extrasystoles were observed in 2 rats.
and a flattening of the T wave was observed in | rat.

b. Effect on blood pressure, heart rate, and F,.CG in unanesthetized rats (4.2.1.3-06)

The effect of Pirfenidone on blood pressure. heart rate, and ECG was investigated in
unanesthetized rats. Pirfenidone was intraduodenally administered at a dose of 30, 100, or 300
mg/kg. In the 30 mg/kg dose group. blood pressure and heart rate did not show any Pirfenidone-
related changes: however. increased heart rate was observed in the 100 and 300 mg/kg dose
groups, and deereased blood pressure was observed in the 300 mg/kg dose group. With regard to
the ECGL isolated ventricular extrasystoles were observed in 2 of 6 rats in the control group
(treated with 0.3% CMC), whereas in the 30, 100, and 300 mg/kg Pirfenidone groups. isolated
ventricular extrasystoles were observed in 2 of 6, 6 of 6, and 6 of 6 rats, respectively. Moteover.
in the 300 mg/kg Pirfenidone group, ventricular couplets/triplets were observed in 2 rats. In the
100 and 300 mg/kg Pirfenidone groups, atrioventricular block was observed in | of 6 and 2 of 6
rats, respectively,

¢, Effect on blood pressure, heart rate, and ECG in unanesthetized dogs (4.2.1.3-02)

Three escalating single doses of Pirfenidone 30 mg/kg. 100 mg/kg, and 300 mg/kg were orally
administered successively at 7-day intervals, and the effect of Pirfenidone on blood pressure,
heart rate. and the ECG was assessed using telemetry and a Holter ECG svstem. Pirfenidone did
not show any effect on blood pressure at any of the doses tested; however, increased heart rate
was observed in the 100 mg/kg and 300 mg/kg dose groups at | hour after the administration
and at [ 1o 4 hours after the administration. respectively. In the ECGs. QTe prolongation (7.6%
at 2 hours after administration) was observed in the 100 mg/kg dose group. and shoriened QTe
was observed in the 300 mg/kg dose group. Moreover. 1 dog in the 100 mg/kg dose group and
all dogs in the 300 mg/kg dose group experienced transient bradyeardia accompanied by
bascline drift on the ECG: this appeared to be associated with vomiting.

d. Effect on blood pressure, heart rate, and ECG in anesthetized dogs (4.2.1.3-07)

The effect on the ECGs observed in the unanesthetized dogs was investigated further using the
following procedures. Dogs were anesthetized using inhaled isoflurane. and the effect of 30, 100,
and 300 mg/kg doses of intraduodenally administered Pirfenidone on blood pressure, heart rate.
and the ECG was assessed. In addition, the plasma concentration of Pirfenidone was measured.
The administration of 100 and 300 mgkg doses resulted in decreased blood pressure (the
maximum percentage reductions in mean blood pressure were 37.7% and 70.1%. respectively)
and increased heart rate (the maximum percentage increases were 23.5% and 27.0%.
respectively). The ECGs were not influenced by the administration of Pirfenidone at any of the
doses tested. The plasma concentration of unchanged drug increased in a dose-dependent
manner, and the Cyye and AUCo24pm. values obtained with the 30, 100, and 300 mg/kg doses of
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Pirfenidone were 39.89, 100,90, and 207.99 pg/ml. for Caw. and 5077, 18307, and 43648
g minfml for AUC . s4mm0. respectively,

e. Effect on action potential in the isolated guinea pig papillary muscle (4.2.1.3-08, 4.2.1.3-
09, 4.2.1.3-10)

The effects of | to 1000 pmol/l. of Pirfenidone and 10 to 1000 ymol/L. of the S-carboxylic acid
metabolite of Pirfenidone on the action potential durations, APDs, and APDa,. and resting
membrane potential, amplitude, and the maximum upstroke velocity were assessed while
electrically sumulating the isolated guinea pig papillary muscle. Pirfenidone showed a tendency
to shorten the APDsy at a concentration of 1000 pmol/l; however, no other parameters
(including APDgs) were influenced by Pirfenidone, The S-carboxylic acid metabolite did not
influence the action potential paranieters at any of the concentrations tested.

f. Effect on ionic currents in hRERG channel-endowed cells (4.2.1.3-11,4.2.1.3-12)

The efteet of 10 1o 1000 pmol/L of Pirtenidone and 10 to 1000 pmol/L of the S-carboxylic acid
metabolite of Pirfenidone on the hERG current was investigated. At concentrations of 100
pumol/L or below. Pirfenidone did not influence the hERG currents; however, at a concentration
of 1000 pmol/L (18322 pug/ml.), a 20% and 26% inhibition of the peak of the tail current was
observed at 20 mV and 60 mV, respectively. The 3-carboxylic acid metabolite did not influence
the hERG currents at any of the concentrations tested.

3.(i).A.(3).3) Effect on the respiratory system

a. Effect en respiratory rate and respivatory volume in anesthetized rats (4.2.1.3-01)

The cffeet of Pirfenidone administered intraduodenally at doses of 10, 30, 100, or 300 mg/kg on
respiratory rate per minute and respiratory minute volume was investigated. Compared with the
control group (treated with 0.5% CMC), the respiratory rate decreased in the 100 mg/ke dose
group, whereas, there was na difference in the respiratory rate between the control group and
the 300 mg/kg dose group. Moreover, compared with the control group (treated with 0.5%
CMC), the respivatory minute volumc increased in the Pirfenidone groups treated with doses of
30 my/kg or greater.

h. Effect on respivatory rate and blood gas parameters in unanesthetized dogs (4.2.1.3-02)
Three escalating single doses of Pirfenidone, 30 mg/kg, 100 mg/kg. and 300 mg/kg, were orally
administered successively at 7-day intervals, and the effect of Pirfenidone on respiratory rate per
minute, arterial blood pH. arterial oxygen partial pressure, arterial carboa dioxide partial
pressure. and hemoglobin oxygen saturation was investigated, Compared with the vehicle
control (0.5% CMC), an increase in the arterial oxygen partial pressure was observed afier the
100 mg/kg of Pirfenidone was administered: in addition, increased respiratory rate and
increased arterial blood pH were observed afier the administration of the 300 mgkg of
Pirfenidone. Hemoglobin oxygen suturation was not influenced by Pirfenidone at any of the
doses tested.

3.(i)-A.(3).4) Effect on the gastrointestinal system

a. Effect on spontaneous motility of the isolated rabbit ileum (4.2.1.3-13)

Pirfenidone was added to the isolated rabbit ileum at concentrations of | to 100 pumol/L, and the
effect of Pirfenidone on muscle tone and the frequency and amplitude of contractions during
spontaneous motility was assessed. Pirfenidone did not influence the frequency and amplitude
of contractions in spontancous motility at any of the concentrations tested; however, addition of
100 pumol/L (18.5 pg/mL) of Pirfenidone resulted in an 11.8% decrease in mascle tone.



b. EfTect an gastric emptying and small intestinal transport in rats (4.2.1.3-13)

The effect of 3 oral doses of Pirfenidone, 30, 100. and 300 mg/kg, on gastric emptying and
small intestinal transport was assessed based on the amount of dye remaining in the stomach
and the distance traveled by the dye in the isolated small intestine after the dyc was orally
administered to rats. Pirfenidone dose-dependently inhibited gastric emptying. The gastric
emptying rate was 84.8% in the control group (treated with 0.3% CMC). whereas in the 30. 100,
and 300 mg/kg Pirfenidone groups, the gastric emptying rates were 49.9%, 22.3%, and 18.6%.
respectively. Pirfenidone inhibited small intestinal transport at doses of i()l) mg/kg and 300
mg/kg. The rate of small intestinal transport was 68.7% in the control group {treated with 0.3%
CMC). whereas in the 100 and 300 mg/ky Pirfenidone groups, the rates of small intestinal
transport were 36.8% and 34.2%, respectively.

3.(0).B Outline of the review by PMDA

PMDA asked the applicant to explain their opinion on the action mechanism of Pirfenidone
because the effective concentration observed in the in vitro swdy, in which the action
mechanism of Pirfenidone was investigated, was incompatibly higher than both the effective
bloond concentration observed in the BLM-induced pulmonary fibrosis models and the Cu
(approximately 10 pg/ml.) obtained after repeated administration of Pirfenidone at 1800 my/day
(the maximum daily dose for humans in clinical settings).

The applicant explained as follows:

At this point, it is not clear what molecules are directly targeted by Pirfenidone, because,
although, there is a published report (other than the study data submitted) that Pirfenidone
inhibits TCAM-1 expression and cell-cell adhesion mediated by ICAM-| in IL-I-stimulated
cultured human synovial fibroblasts at the minimum effective doses of 1.85 pe/mL and 18.3
ng/ml., respectively (Kancko M, et al. Clin Exp Immumal. 1998; 113: 72- 76) the preliminary
study showed that Pirfenidone has no inhibitory effect on ICAM-[ expression in the 1L-1§-

stimulated human Jung fibroblast line (CCL134) derived from patients with pulmonary fibrosis.
Furthermore, although other effects of Pirfenidone, specifically, an antioxidative effect (Misra
HP. et al. Mol Cell Biochem. 2000, 204:119-126), an inhibitory effect on Map Kinase p38y
(Ozes ON, el al. GTChin's Protein Kinases in Drug Discovery. May 8-9,2006), and an
inhibitory effect on HSP47 expression (Hisatomi K. et al. .J, Iprr Respir Soc. 2006; 44:186), have
previously been reported, the 1Cs, value or the minimum effective concentration reported in
each of the abovementioned papers was extremely high. Because the study data concerning the
effect of Pirfenidone on various cytokines and gr owth factors, obtained using a mouse model of
BLM-induced pulmonary fibrosis (in vivo test system), show the parallel existence of the
antifibrotic effect and the other effects of Pirfenidone associated with the progression of fibrosis.
such as the inhibition of a decrease in IFN=y concentration, inhibition of b-FGF production, and
inhibition of TGF-BI production. these co-existing eflects are considered to be the crucial
effects by which Pirfenidone exerts the antifibrotic cftect.

With regard to the fact that the effective dose range for Pirfenidone obscrved in the safety
pharmacology studies overlaps the therapeutic dose range that was determined in the primary
pharmacodynamic studies, PMDA asked the applicant to explain, in relation to the adverse
events that oceurred in the clinical studies, what of the pharmacological effects of Pirfenidone,
observed in the safety pharmacology studies. may occur at the clinical doses for humans.

The applicant explained as follows:
In the studies of the effect of Pirfenidone on the gastrointestinal system, inhibition of gastric
emptying was observed at 30 mg/kg and higher doses in rats, and the C,., obtained after



administration of the 30 mg/kg dose was 7.2 pg/mi.. This suggests that the ibhibitory effeet on
gastric emptying may oceur near the clinically achievable plasma concentration range, and that
the inhibitory effect of Pirfenidone on gastric emptying is probably associated with the adversc
events of stomach discomfort and anorexia. which were relatively ¢common in the chnical
studics of Pirfenidone. Because the administration of the 100 mp/ke dose resulted in the
inhibition of small intestinal transport in rats. this cffect of Pirfenidone may also be a factor in
causing stomach discomfort and anorexia. Moreover, because administration of Pirfenidone at
100 my/kg increased extracellular dopamine concentrations in rat hypothalamus, it is possible
that Pirfenidone causes the release of dopamine. and dopamine in turn stimulates the dopamine
receptor in the chemoreceptor trigger zone, which induces vomiting (Mitchelson F. Drugs.
{992: 43:295-315): thus, this may be related 1o the reported adverse events of queasy, nausea,
stomach discomfort, and anorexia. Although ONS adverse events. such as somnolence, malaise.
and dizziness, were reported in the clinical studies of Pirfenidone, only mild sedation and ptosis
were observed in mice after administration of the 30 myfkg dose: thus, the causal relationships
between Pirfenidone and these adverse events are not clear, In addition, althovgh ventricular
extrasystoles, decreased blood pressure, and increased blood flow were obscrved in rats after
administration of a 10 or 30 mghkg dose in the studies of Pirfenidone’s effect on the
cardiovascular system, no adverse cvents that are possibly linked to the observed effect of
Pirfenidone on the cardiovascular system have been reported in the clinical studics.

PMDA concluded that although the direct mode of action of Pirfenidone is not vet clucidated.
the pharmacological effect of Pirfenidone against idiopathic pulmonary fibrosis is explainable
based on the dawa presented above and the information supplied by the applicant, including
study results and inquiry responses. Since it was shown that Pirfenidone exerts an effeet not
only on the gastrointestinal system, but also on the central nervous system and cardiovascalar
system at doses near the pharmacological dose range in the safety pharmacology studies, and
although no adverse events clearly linked to these eflects of Pirfenidone have been reported in
the clinical studics. PMDA considers that this matter needs lo be carefully monitored and
investigated in the post-marketing surveillance.

3.(ii) Summary of pharmacokinetic studies

3.(ii). A Summary of the submitted data

The pharmacokinetic data submitted included the data from rats and dogs given oral and
intravenous doses of Pirfenidone and the data from mice and guinea pigs given oral
administration of Pirfenidone. The concentrations of unchanged Pirfenidone (unchanged drug),
pirfenidone-3-carboxylic acid {5-carboxylic acid metabolite), and S-hydroxymethyi-pirfenidone
(S-hydroxymethyl metabolite) in mice, rat, and dog plasma, and in rat and dog urine and bile, as
well as the concentration of unchanged drug in mice fung, were measured by HPLC using a
alidated method. After the sample was subjected to alkaline hydrolysis. the amounts of the
glucuronic acid conjugate of the S-carboxylic acid metabolite in urine and bile were calculated,
based on the increase in the amount of the 5-carboxylic acid metabolite. The amount of C-
fabeled compounds (Pirfenidone and its metabolites) was measured using a liquid scintillation
counter. The pharmacokinetic parameters are presented as mean or mean + standard deviation.
unless otherwise specified. ’

3.(i).A.(1) Absorption

3.(i1).A.(1).1) Single-oral and single-intravenous administration

After a single 100 mg/kg dose of "C-Pirfenidone was orally administered to male rats (n = 4),
plasma Pirfenidone levels reached a peak at 0.17 % 0.10 hours after the administration (Cugy:
30.8 £ 9.3 pg/mL) (hercinafter. the radioactivity concentration is converted into and presented
as the concentration of Pirfenidonc). this was followed by a rapid elimination until 2 hours after
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the administration; after which plasma levels platcaued until 8 hours alter administration. From
8 hours and onward after the administration, the concentration declined rapidly again, and the
iz was 4.5 + 2.2 hours. After a single 100 mg/kg dose of unlabeled Pirfenidone was orally
administered to male rats (n = 4), the plasma levels of unchanged drug reached the Cpa (21.0 %
6.6 pg/ml) at 0.12 = 0.09 hours after the administration, and the unchanged drug was
eliminated with a ;.2 of 2.9 & 0.5 hours. Moreover. when a single 20 mg/kg dose of Pirfenidone
was intravenously administered to male rats (n = 4). the 1 for the unchanged drug in plasma
was 0.3 4 0.1 hours. With regard to the difference in the t5 values between the oral and
intravenous administration. the applicant explained that this diflerence arises from the fact that
Pirfenidone is absorbed through a large portion of the gastrointestinal tract. and thus sustained
absorption of Pirfenidone continued after the oral adminisiration. The bivavailability (BA) of
orally administered Pirfenidone was 77.1%. based on the caleulations made using the AUC
vitlues obtained for the unchanged drug after the intravenous and oral administration of
Pirfenidone (4.2.2.2-01. 02).

After a single 30 mg/kg dose of "C-Pirfenidone was orally administered to male dogs (n = 3),
the plasma radioactivity reached Cpne (43.4 £ 3.8 ng/mlL) at 0.5 £ 0.0 hours after the
administration, and was then climinated with a t,.5 of 3.8 £ 0.1 hours. After a single 30 me/kg
dose of unlabefed Pirfenidone was orally administered to male dogs, the plasma concentration
of the unchanged drug reached Cpae (243 2 8.0 py/mL) at 0.7 £ 0.3 hours after the
administration, and was then eliminated with a ;7 of 0.9 + 0.3 hours. Moreover. when a single
20 mg/kg dose ol Pirfenidone was intravenously administered to male dogs (n = 3), the
observed G was 1.2 £ 0.3 hours. which is nearly the same elimination rate as for orally
administered Pirfenidone. The BA of orally administered Pirfenidone was 56.3%. based on the
calenlations made using the AUC values obtained for the unchanged drug after the intravenous
and oral adminis(ration of Pirfenidone (4.2.2.2-04. 03).

3.(i1).A.{1).2) Repeated oral administration

After a single 100 mg/kg dose of "'C-Pirfenidone was orally administered 1o male rats (n = A3}
the observed plasma radioactivity parameters. Toow Coe G and AUCq.sy,. were 0.15 £ 0.09
hours, 29.95 £ 5.25 pg/ml., 3.2 & 1.} hours, und 137.9 = 22.9 ng-hre/ml., respectively: whereas.
the values of the same parameters observed after the last dose of 14 days of repeated oral dosing
at the same dose were 0.22 £ 0.07 hours, 24,71 + 4.07 pg/mb, 8.6+ 2.1 hours, and 116.8 + 147
pg-heiml, respectively. After a single dose administration, the observed Ty Came U, and
AUCq.241, for the plasma concentration of the unchanged drug were 0.08 £ 0.0 hours, 19.9 & 5.5
ug/mb. 3.9+ 1.4 hours, and 63.8 = 22.9 pg-hr/mL, respectively; whereas, after the last dose of
14 days of repeated dosing. the observed values for the same parameters were 0.18 & 0.09 hours,
10.3 & 1.0 pg/ml, 6.1 £ 4.7 hours, 39.5 £ 6.4 pe-hr/mL, respectively. With regard to the reason
for the decrease in the plasma concentration of the unchanged drug that was observed afler
repeated dosing, the applicant explained that it was possible that Pirfenidone metabolism was
accelerated with the induction of metabolic enzymes (4.2.2.2-03).

3.3i§).A.(1).3) Dose relationship

After 3 single doses of Pirfenidone, 30, 100, 300 mg/kg, were orally administered to male rats
(n = 4). the observed C,,« values for the plasma concentration of the unchanged drug were 7,24
231 210 £ 6.6, and 56.3 £ 27.9 pg/mL, and the AUC values were 8.2 + 1.2.36.0 + 6.4, and
121.4 £ 39.7 pg-hr/ml, respectively. showing that the Cy and AUC values increased in a
manner nearly proportional to the administered doses (4.2.2.2-02).

3.(ii).A.(1).4) Percentage absoerption
After a single 100 mg/kg dose of "C-Pirfenidone was orally administered to bile duct-

84



cannulated male rats (n = 4), the total percentage of radioactivity excreted in the urine and bile

i - . [ ; . ; EPS
over 48 liours was 91.3 ¢ 2.1% of the administered dose. Afier a single 30 mg/kg dose of M-
Pirlenidone was intraduodenally administered to bile duct-cannulated male dogs (n = 3), the

total percentage of radioactivity excreted in the urine and bile over 48 hours was 95.8 ¢ 1.8% of

the administered dose. These observations indicate that orally administered Picfenidone s
almost completely absorbed through the gastrointestinal tract (4.2.2.4-02, 4.2.2.4-06).

3.(ii}. A.(1).5) Site of absorption

After a 20 my/ke dose of “C-Pirfenidone was administered 1o male rats (m =3 for each group)
under fasting conditions by direct injection into the stomach, duodenum, jejunum, ileam. and
the colon, the rate of Pirfenidone absorption in each section of the gastrointestinal tract was
analyzed based on the climination half-life of radioactivity in the each section of the tract. The
resufts showed that Pirfenidone was most quickly absorbed through the duodenum (12 = 2.03
minutes) and jejumim (12 = 2.28 minutes), followed by the ileum (t;; = 5.97 mimtes) and
colon (t.y = 6.[9 minutes), whereas the absorption through the stomach (tn = 34.33 minutes)
was slowest (4.2.2.2-006),

3.6i1).A.(1).6) Food cffects

Afler a sinple 100 mg/kg dose of Pirfenidone was orally administered to fasting male rats (n =
3) or to fed male rats (n = 4). the observed plasma C,« and AUC values for the unchanged druy
showed a tendency ta be higher in the fasted group (Cpu of 35.3 2 9.0 u/ml., and AUC of 58.3
£ 19.8 perhe/ml) than in the fed group (Cuae of 210 2 6.6 pe/mL, and AUC of 36.0 £ 6.4
pehe/ml) (4.2.2.2-02),

3.{i1).A.(2) Distribution

3.(ii).A.(2).1) Tissue concentration

After a single 100 mg/kg dose of “C-Pirfenidone was orally administered to male rats (n = 4),
the radioactivity levels in most organs and tissues reached maximum concentrations 5 to 30
minutes alter the administeation. Pirfenidone was then eliminated with a ti: of 4 to 7 hours;
however. the tuy (approximately 13 hours) observed in the preputial aland was longer than that
in any other tissues. Moreover, whole-body autoradiographs (whole-body ARG) obtained using
the same dosing conditions showed that the highest radioactivity levels over the entire body
were observed 13 to 30 minutes afier the administration and. although the radieactivity had
decreased in most of the tissucs 6 hours after the administeation, radioactivity was still
detectable in the'Kidney, nasal cavity, preputial gland, and liver. Twenty-four hours after the
administration, the radioactivity had disappeared from most organs and tissues but was still
present in the nasal cavity and preputial gland.

Whole-body ARGs taken after 14-day repeated oral administration of “C-Pirfenidone to male
rats at 100 mg/kg/day showed no major difference in the tissue distribution of radicactivity
between the single-dose and repeated-dose administration; however, the slow elimination of
radioactivity from the nasal cavity and preputial gland observed afier the single-dose
administration intensificd into a stronger tendency for radioactivity to remain in the nasal cavity
and preputial gland afier the repeated-dose administration (4.2.2.3-01, 4.2.2.3-02. 4.2.2.2-03)

3.(i).A.(2).2) Distribution into the placenta and fetus

After a single 100 mg/kg dose of "“C-Pirfenidone was orally administered to female rats (n = 4y
at 19 days of gestation, the radioactivity concentration in the organs and tissues of the dams
reached maximum values 5 to 30 minutes after the administratién. and the radioactivity
concentration in the entire body of the fetus and its organs and tissues reached maximum values
(approximately one-half of the plasma concentration of radicactivity observed in the dam) 30
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minutes after the adiministration. Subscquently. the radivactivity elimination patterns ohserved
in the dant and fetus were nearly the same. The percentage distribution of the drug to each fetus
30 minutes after the administration was approximately 0.1% of the administered dose. Whole-

body ARGs obtiined using the same dosing conditions showed that the distribution of

radioactivity was not specific to particular organs or tissues in the fetus. but was nearly uniform:
thus, it is infefred that although Pirfenidone passes throtigh the placenta and into the fetus.
Pirfenidone does not accumulate in the fetus (4.2.2.3-03).

3.(ii). A.(2).3) Serum protein binding

The in vitro pereentage protein binding rates of "'C-Pirfenidone in serum samples from male
nrice. male rats, male dogs. and humans (healthy adult men and women) were determined and
were. ata serum concentration of 10 pg/ml., 33,0+ 1.5%. 3128 £ 2. 19, 32.8 £ 0.4%, and 58.1
4.0%, respectively, but were slightly lower at a serum concentration of 100 ugiml.. The
percentage protein binding rates of Pirfenidone to purified human proteins were, at the
concentrationof 10 pg/ml., 34.8 2 0.4% for serum albumin, 3.5 + 1.1% for v-globulin, and 4.2 &
1.4% for ai-acidic glycoprotein, indicating that Pirfenidone binds mainly to atbumin in human
serum (5.3.2.1-01).

3.k A4 Percentage distribution in blood celis

The in vivo percentage distribution of Pirfenidone in blood cells was determined after a single
100 my/kg dose of "'C-Pirfenidone was orally administered to male rats (n = 4), and afier a
single oral dose of 30 mg/Kg or a single intravenous dose of 20 mg/kg was administered to male
dogs (n = 3). In rats, the percentage distribution of Pirfenidone in blood cells staved in the range
of 20% to 33% over the & hours following the administration, and most of the radivactivity was
found in the plasma; however, 12 and 24 hours after the administration, the percentage
distribution of Pirfenidone in the blood cells increased (approximately 40% and 87%.
respectively). In dogs. the percentage distribution of Pirfenidone in blood cells. for both routes
of administration, stayed in the range of 14% to 26% during the first 2 hours after the
administration: subscquently, the percentage distribution of Pirfenidone in blood cells became
lower still. and most of the radioactivity was found in the plasma (4.2.2.3-01, 4.2.2.2.04),

3.(ii).A.(2).5) Lung concentrations of unchanged drug in the mouse model of BLM-induced
pulmonary fibrosis

After a single 10 or 33.3 mg/kg dose of Pirfenidane was orally administered 1o mice with BLM-
induced pulmonary fibrosis (male, n = 4). the observed lung concentrations of the unchanged
drug for both dose rates were in the same range as the observed plasma concentration for the
unchanged drug: thus, Pirfenidone is considered to have a good distribution into the hing
(4.2.2.3-04). '



3.(1i).A.(3) Mctabolism
3.(i1).A.(3). 1) Metabaolic
pathway

Metabolites 6f Pirfenidone in
plasma, wrine, and fcces of
male rats and male dogs. as
well as in the bile of male rats,
were studied. As a result, the
mietabolic pathway for
Pirfenidone was assumed to be
as shown. in the figure on the
right: oxidation of the 5-methyl
group on the pyridone ring
vields  the  S-hydroxymethyl
metabotite. which s further
oxidized to give the 3-
carboxylic  acid  metabolite
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3.(ii).A.(3).2) Mctabolites in plasma

After a 100 mg/kg dose of "'C-Pirfenidone was orally administered to male rats (n = 5) as a
single-dose or as repeated-doses for 14 days, the unchanged drug, S-hydroxymethy! metabolite,
and S-carboxylic acid metabolite were found in plasma. After the single-dose administration, the
observed plasma AUC,... values for the unchanged drug, 3-hydroxymethy! metabolite, and 5-
carboxylic acid metabolite were 59.5 £ 24.8. 13.0 % 6.7, and 34.4 + 6.8 pg-hr/mL, respectively,
indicating that the S-carboxylic acid metabolite and the unchanged drug of Pirfenidone show
similar changes in their concentration over time. After the last dose of the repeated-dose
administration, the observed plasma AUC..y, values for the unchanged drug, S-hydroxymethyl
metabolite. and S-carboxylic actd metabolite were 39.5 + 64, 93 £ 22, and 48.8 2 6.0
pg-he/ml, respectively, indicating that the repeated dosing did not cause a significant change in
the concentrations of metabolites over time,

After Pirfenidone wad administered to male dogs (n = 4) as a single oral dose at 30 mg/kg or a
single intravenous dose at 20 mp/kg. the observed plasmia AUCq.u, values tor the unchanged
drug and S-carboxylic acid metabolite were 74.5 + 11,7 and 54.0 + 4.9 pg-lw/mL after the oral
dose, and 74.3 + 10.5 and 38.5 + 1.7 pg-hr/mL after the intravenous dose, respectively, The 3-
hydroxymethyl metabolite was not detected after administration by either roufe. Afier a single
100 or 300 mg/kg dose of Pirfenidone was orally administered to male dogs {n = 4), the
observed plasma AUCq. y, values for the unchanged drug and the S-carboxylic acid metabolite
were 209 + 77 and 249 £ 104 pg-he/mil for the 100 mg/ke dose, and 548 & 227 and 411 = 277
p-he/ml for the 300 mg/kg dose. respectively. The 3-hyvdroxymethyl metabolite was not
detected even when a high dose of Pirfenidone was administered.

After a single 100 or 500 mg/kg dose of Pirfenidone was orally administered to male ICR mice
{n = 3), the observed plasma AUC values for the unchanged drug, 5-hydroxymethyl metabolite
and S-carboxylic acid metabolite were 40.4. 27.6, and 40.0 pg-le/mL for the 100 mg/kg dose,
and 241, 123, and 257 pg-hr/mL for the 00 mg/kg dose, respectively. Similarly, after a single
100 or 500 mg/kg dose of Pirfenidone was orally administered to female C37BL/6 mice (n = 3),
the observed plasma AUC values for the unchanged drug, 5-hydroxymethyl metabolite and 5-
carboxylic acid metabolite were 44 3, 14.7, and 50.9 pg-he/ml. for the 100 mg/kg dose, and 296,
63.7. and 299 pg-hr/mL for the 500 mg/kg dose, respectively. Thus. the mice and rats showed
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similar metabolic patterns (4.2.2.2-03, 4.2.2.4-02. 03. 04 )

3.(ii). A.(3).3). Metabolites in plasma and the auricles of guinea pigs

in the phototoxicity test in guinca pigs, an inflammatory change was observed when the auricles
of the guinea pigs were irradiated with UV light immediately after the oral administration of a
160 mg/kg dose of Pirfenidone; wherens. the degree of inflammatory change was milder when
the auricles of the guinea pigs were irradiated with UV light 4 hours atier the administration,
and no miflammatory change was observed when the auricles were irradinted 6 hours after the
administration. Based on the above observations, a single 160 mg/kg dose of "C-Pirfenidone
was orally administered to fenmale guinea pigs (n = 3). and the changes over time in radioactivity
concentration and the concentration of the unchanged drug and metabolites in plasma and the
auricles were determined. The result showed that although the radioactivity concentrations in
the auricle (48.1. 6.62. and 3.64 Hg/g at 1.4, and 6 hours afier the administration, respectively)
were lower than the radioactivity concentrations in plasma (53.8. 12.2. and 9.00 ng/ml at 1, 4,
and 6 hours afler the administration, respectively), they showed similar batterns of change over
time. The unchanged drug, S-carboxylic acid mctabolite, and the alucuronic acid conjugate of 3-
hydroxy-pirfenidone were found in the auricles. and the unchanged drug accounted for the
majot fraction of the total radioactivity up to 4 hours after the administration (86 % 2%, 37+
N%. and 37 £9% at 1. 4. and 6 hours after the administration, respectively), thus, it is inferred
that the concentration of the unchanged drug in the skiy is associated with skin phototoxicity
(4.2.2.4-05).

3.011).A(3).4) Metabolites in urine aud bile

After a single 100 mg/kp dose of "C-Pirfenidone was orally administered 10 male rats (n = 4),
only the S-carboxylic acid metabolite was found in the urine. and the cumulative urinary
excretion during the first 48 hours after the administration was 92.§ + 4.4% of the administered
dose. After a single 100 mgskg dose of Pirfenidone was orally administered to bile duct
cannulated male rats (n = 4), the unchanged drug, S-carboxylic acid metabolite. and 1-0-
acylglucuronide of S-carboxylic acid metabolite were found in the bile, and the cumulative
biliary excretion during the first 48 hours afier the administeation were, respectively, 0.1 £ 0. 1%,
5.0 % 25%, and 2.6 £ |.5% of the administered dose. As in the uncannilated rats. only the 5-
carboxylic acid metabolite was found in the urine of the cannulated rats, and 85.0 + 3.8% of the
administered dose was excreted in the urine within 48 hours afler the administration.

After a single oral dose at 30 mg/kg or a single intravenous dose at 20 mg/kg of “C-Pirfenidone
was administered to male dogs (n = 4), only the S-carboxylic acid metabolite was found in the
urine after both routes of administration, and the cumulative urinary excretion during the first 48
hours after the administration were, respectively. 858 + 1.9% and 832 + 4.5% of the
administered dose, Afier n single 30 mg/kg dose of "C-Pirfenidone was intraduodenally
administered to bile duct-cannulated male dogs (n = 3), the S-carboxylic acid metabolite and |-
O-acylglucuronide of the S-carboxylic acid metabolite were found in the bile, and the
cumulative biliary excretion during the first 48 hours afier the administration were, respectively,
7.6 £ 1.4% and 0.5 £ 04% of the administered dose. In the urine. the S-carboxylic acid
metabolite only was found. and the cumulative urinary excretion during the first 48 hours after
the administration was 70.6 + 5.0% of the dose administrated (4.2.2.4-06, 02).

3.(i1).A(3).5) Mectabalic enzymes, enzyme inhibition, and enzyme induoetion in humans

An antibody-addition inhibition assay was carried out by adding antisera against various CYP
isoforms to human fiver microsomes. The production of 3-hydroxymethy] metabolite was used
as a marker for inhibition. The assay results confirmed that several CYP isoforms (CYPTA2,
209, 2C19, 2D6, and 2E1) are involved in the earliest stage of oxidative metabolism of
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Pirfenidone.

The inhibitory acuvity of Picfenidone on the activity of CYP isolorms (CYPIA, 2A6, 209,
2C19. 3A4. 2D6, and 2E1) was assessed using human liver microsomes and model substrates
for the CYT isoforms. The results showed that Pirfenidone has a weak inhibitory activity on
CYPIA, 2A6, 2C9.2C 19, and 3A4, and no inhibitory activity on 2D6 and 2E1.

In addition, the inhibitory activity of the S-carboxylic acid metabolite on the activity of the CYP
isoforms (CYPTA, ZA6, 2C8/9. 2C19. 3A4, 2D6, and 2E1) was assessed; and the results
showed that the S-carboxylic acid metabolite has no inhibitory activity on any of the CYP
isoforms tested.

The enzyme nduction activity of Pirfenidone and its S-carboxylic acid metabolite on human
liver CYP isoforms was assessed using an in vitro human hepatocyte culture system. The result
showed that although Pafemidone induces human liver CYP3A4/5 and 2C19 at a high
concentration {250 pmol/L, approximately 46 pg/ml), the degree of enzyme induction by
Pirfenidone was weaker than that of rifampicin (a typical inducer of CYP3A4/5 and 2C19). The
S-carboxylic acid metabolite did not show an enzyme induction activity on. any of the CYP
isoforms tested (5.3.2.2-01, 02, 03, 04).

3.(ii). A.{4) Excretion

3.(i1).A.(4).1) Excretioun into urine, feces, and bile

After a single 00 mg/kg dose of "“C-Pirfenidone was orally administered to male rats (n = 4),
the cumulative excretions of radioactivity in urine and feces during the first 48 hours after the
administration were, respectively. 89.6 % 3.3% and 3.5 £ 1.3% of the administered dose. After a
single 100 mg/kg dose of ""C-Pirfenidone was orally administered to bile duct-cannulated male
rats (n = 4). the cumulative excretions of radioactivity in bile, urine. and feces during the first 48
hours after the administration were. respectively, 10.3 £ 3.7%, 81.0 2 3.1%, and 0.6 £ (.2% of
the dose administered. When C-Pirfenidone was repeatedly administered to male rats (n = 5) at
100 mg/kg/day for 14 days, the cumulative excrelions of radivactivity in urine and feces (89.5 +
0.6% and 3.5 £ 0.5%. respectively) during the first 24 hours after the Jast dose were
approximately the same as observed after the single-dose adininistration; thus, there were no
significant changes in the patterns of urinary and fecal excretions related o the repeated dosing,
In addition, the twtal exeretion of radioactivity in the 120 hours after the last dose was 95.8
0.3%, and no sign of significant accumulation of the administered radigactivity in the rats was
found.

On the other hand, after a single 30 mg/kg dose of "C-Pirfenidone was orally administered to
uncarmulated male dogs (n = 3), the cumulative excretions of radiodctivity in urine and feces
during the first 120 hours after the administration were. respectively. 80.6 & 1.7% and 8.9
3.5% of the administered dose. Morcover. after a single 30 mg/kg dose of 'C-Pirfenidone was
intraduodenally administered to bile duct-cannulated male dogs (n = 3), the cumulative
excretions of radioactivity in bile, urine. and feces during the 48 hours after the administration
were, respectively. 14.6 + 2.6%, 81.3 & 2.6%, and 0.3 + 0.2% of the dose administered (4.2.2.4-
06,4.2.2.2-03, 4.2.2.2-04, 42.2.3-02).

3.(ii).A.(4).2) Enterohepatic circulation

Male donor rats (n = 4) and male recipient rats {n = 4) were cannulated so that the bile of the
donor flows into the duodenum of the recipient. After a 100 mg/kg dose of "C:Pirfenidone was
orally administered to the donor rats, 11.1 = 22% of the administered radioactivity was
transported into the recipient rats via the bile, 7.4 £ 1.5% of which was reabsorbed and then
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excreted nto the urine and bile (3.7 £ 1.2% and 1.6 + 0.53%. respectively).
Of the dose transferred into the recipiont rat. 14.9 + 3.5% was reabsorbed and recycled by the
enterohepatic civeulation (4.2.2.5-01.

3.(11). A.(4).3) Excretion into milk

After a single 100 mg/kg dose of "C-Pirfenidone was orally administered to post-partum female
rats (n = 3) on the 12th day after the delivery, the plasma radioactivity reached Cog (35.9 9.0
pg/ml) at 0.33 2 0.23 hours atier the administration, and was then eliminated with a ty» of 3.4 %
1.3 hours. The radioactivity in milk reached Cy (31.3 % 10.0 pg/ml.) at 0.42 & 0.19 hours after
the administration. The observed Cu. values for milk and plasma were comparable.
Subsequently. the radioactivity concentration in milk remained nearly constant from 2 to $ hours
after the administration (17 to 18 pg/mL), and was then eliminated with a ty~ oF 4.7 £ 1.4 hours,
The 4 values for radioactivity in milk and plasma were also similar. Based on the above
observations, it became clear that Pirfenidone is excreted into milk (4.2.2.5-02).

3.(i1).A.(5) Pharmacokinetic dvug interaction
No studies that correspond to pharmacokinetic drug interaction studies have been conducted.

3.(i1).B Outline of the review by PMDA

PMDA asked the applicant to explain the safety of Pirfenidone in humans. especially in the
organs (such as spleen, pancreas, Kidney, and adrenal gland) in which a bigh radioactivity
concentration was observed in rats in the distribution studies. and in the organs (such as nasal
cavity and préputial gland) in which the repeated dosing of Pirfenidone showed a tendency to
cause accumulation of radioactivity.

The applicant responded as tollows:

a. Atthough a higher radicactivity concentration was observed in the spleen. pancreas. kidney.
and adrenal gland in rats compared with that in plasma during the carly phase after the
administration in the distribution studies. the radioactivity concentration rapidly decreased over
time, and the whole-body ARGs also did not show any slg,n of radicactivity accumulation in
thesc organs. Tn addition. no findings indicating toxicity in these organs were reported in the
repeated-dose toxicity studics in rats, and there have been no accurrences of particular adverse
events related fo these organs in Japanese clinjcal studies; b. With regard to the nasal cavity, the
distribution of radioactivity was not uniform between the sites in the nasal cavity, and it is
possible that the radioactivity is localized in the sites containing many granules. In the repeated-
dosc toxicity studies in rats. the gross pathological examination of thc nasal tissues did not show
any changes indicative of toxicity: and. although nasopharyngitis was reported as a related
adverse event in the Japanese clinical studies, the incidence rate of nasopharyngitis was higher
in the placebo group: ¢. Similarly, in the preputial gland. the distribution of radioactivity showed
a tendency to concentrate in the vacuolated sites in the tissue, and it is possible that the
tocalization of radioactivity is specific for secretory granules. Again, in the repeated-dose
toxicity studies. in rats, the gross pathological examination of preputial gland did not show any
changes indicative of toxicity, and although the preputial gland also exists as one of the
independent sebaceous glands in humans, the histological structure and function are thought to
differ between human and rat. Moreover, in the Japanese clinical studies, asteatotic eczema was

reported as & possibly related adverse event during the Phase 11l study, and the incidence of

asteatotic eczema was higher in the low-dose group than the placebo group: however, asteatotic
eczema was not reported in the high-dose group; thus. it is considered unlikely that Pirfenidone
poses a risk 1o the safety of these organs.

PMDA asked the applicant to explain whether or not it is possible that long-term administration
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of Pirfenidone will induce metabolic enzymes in humans, because although the applicamt stated
that in the human hepatic drug-metabolizing enzyme studies, induction of CYP3A4/S and 2019
enzymes was observed only after exposure to a high concentration {250 umol/L., approximately
46 pg/ml) of the drug, the repeated oral dose studies in rats showed that the plasma
concentration of the unchanged drug decreased afier the repeated dosing cven when the
concentration was 20 pg/ml. or less, and the occurrence of metabolic enzyme induction was
suggested at concentrations near the C,,,. (approximately 10 pg/ml.) (5.3.3-08) obtained after
the repeated administration of Pirfenidone in humans at 1800 mg/day (the maximum daily dose
in clinical settings).

The applicant explained as follows:

Phenobarbital-type enzyme induction was observed at 100 mg/kg/day or higher doses (Cpn
value after the first dose was 16.0 pg/mi. for the 1-month study, and 4.8 pg/mb. for the 6-month
study) in the F-month and 6-month repeated-dose toxicity studies in rats, and at 10 mg/kg/day or
higher doses (Cou value afier the first dose was 0.78 pg/ml.) in the 6-week TID repeated-dose
toxicity study in mice, and at 20 mg/kg/day or higher doses (Cpo value after the first dose was
16.1 pg/mL for the 3-maonth study. and 19. ] pg/ml, for the 9-month study) in the 3-mouth and 9-
month repeated-duse toxicity studies in dogs, but there are species differences in the plasma
concentration of Pirfenidone that resulted in enzyme induction. Furthermore, although
approximately a 2-fold higher induction of CYP3A4/3 and 2C19 activity was observed at the
concentration of approximately 46 pg/ml. in the primary culture of human hepatocytes during
the in vitro enzyme induction study. this was the result of a continuous 3-day exposure 1o
Pirfenidone at a high concentration (approximately 46 pg/mL). and no enzyme-inducing activity
resulted Irom 3-day exposure to Pirfenidone at the dose (100 pmol/L. approximately 19 pg/inl)
close to the estimated drug concentration in the human liver (approximately 20 pg/mL), which
was calculated based on the Ch, value (approximately (0 ug/mb) obtained alter repeated
administration of Pirfenidone at 1800 mg/day in humans: thus, it is unlikely that Pirfenidone
will cause enzyme induction in humans within the clinical dose range.

PMDA accepted the responses from the applicant: however, because the duration of treatment
with Pirfenidone is expected to extend over a long period of time in patients with idiopathic
pulmonary fibirosis, PMDA advises that the applicant should conduct a further investigation
during the post-marketing surveillance in order to confirm the safety of the organs in which a
high concentration of radioactivity or a tendency for radioactivily accumulation was observed in
animal studies.

3.(iii) Summary of the toxicology studies

3.(i1i). A Swummuary of the submitted data

The results of the following toxicology studies were submitted: single-dose toxicity, repeated-
dose toxicity, genotoxicity, carcinogenicity. reproductive and  developmental  toxicity,
antigenicity. skin phototoxicity, skin photosensitization, and photogenotoxicity.




3.(iii). A.(1) Single-dosc toxicity

Single-dose toxicity was evaluated in rats (4.2.3.1-01) and dogs (4.2.3.1-02) given Pirfenidonc
by gavage. The approximate lethal dose was determined to be 1000 mg/kg for rats aid >1000
mg/kyg for dogs. Decreased activity and mydriasis were observed in both animal specics.

Noteworthy findings in rats included abnormal gait, lateral position. respiratory depression,

ptosis. lacrimation. and hypothermia. while those in dogs included musele weakness in the
limbs, vomiting, salivation, shivering. and abnormal phonation. In addition, decreased levels of
erythroid parameters (red blood cell count. hemoglobin concentration, and  hematocrit).

increased plasma AST and ALT levels and amylase activity, a decreasing trend in thymus weight,

and cortex atrophy were detected in dogs. The approximate lethal dose was determined to be >
1000 mg/kg for non-fasting rats.

3.3i1i). A.(2) Repeated-dose toxicity
Repeated-dosce toxicity was evaluated in rats (1- and 6-month dosing) and dogs (3- and 9-month
dosing} given Pirfenidone by gavage. Pirfenidone was also administered in divided dose (three

times a day) by gavage for 6 weeks to mice, an animal species used for drug efficacy assessment.

This study showed inflammatory changes of the urinary tract and, as a result. an additional
study was conducted to further investigate this observation. As common toxic findings,
neurological symptoms duc to the CNS-depressive action of the drug were noted. Also noted
were decreases in erythroid parameters in rats, mucous submandibular gland hypertrophy
accompanied by mucous feces and salivation in dogs, and inflammatory changes in the renal
pelvis and bladder in mice. lIncreased activity of hepatic drug metabolizing enzymes
(phenobarbital-type CYP induction) and related changes (increased liver weight. hepatocyte
hypertvophy, hyperplasia of smooth endoplasmic reticulum, etc.) were also observed. All of
these changes recovered after drug withdrawal. When the NOAELS (rats. 100 mg/kg/dav: dogs.
20 mg/kg/day) in rats (6-month dosing) and dogs (9-month dosing) were compared with the
human exposure (3.3.3-08) after repeated dosing of 1800 mg/day (maximum daily dose of
Pirfenidone used in humans), the C. in rats and dogs was [.1 to 1.9 times and 2.1 to 2.3 times.
respectively, that in humans. and the AUCq.q, in rats and dogs was 0.7 to 1.1 times and 0.3 to
1.4 times, respectively, that in humans.

3.(311).A(2).1) Repeated-dose toxicity studies in rats (3.2.3.2-01 to -63)

A f-month study (0. 20, 100, or 500 mg/kg/day) and a 6-month study (0, 20, 100, 500, or 1000
mg/kg/day) were conducted. Both studies included recovery groups with a l-month or 35-day
post-dose recovery period.

In both studies decreased activity and respiratory depression (1-montls study, 500 mg/kg; 6-

month study, 2500 mg/kg) were noted in the early phase of dosing. Other noteworthy tindings
included the following: abnormal gait and lacrimation in the 300 mg/ke group of the [-month
study; prolonged APTT in the 500 mg/kg and higher dose groups of the 6-month study: and
decreased body weight pain associated with decreased food consumption and decreased food
efficiency, and decreases in erythroid parameters (red blood cell count, hemoglobin
concentration, and hematocrit) in the 1000 mg/kg group of the 6-month study. Salivation (1-
month siudy, S00 mg/kg; 6-month study, >100 mg/kg, hereinafter the same) was also observed.
Hepatic biochemistry detected decreased cholesterol (3100 mg/kg: >100 mg/kg), decreased
triglyceride (2100 mg/kg; 2500 mg/kg). and increased phosphelipids (500 mg/kg; 2500 mg/kg).
Tncreased activity of phenobarbital-type hepatic drug metabolizing enzymes (2100 mg/kg: >100
mg/kg) and increased hepatic CYP contents (500 mg/kg, >500 mg/kg) were detected. As
changes related to the induction of the hepatic drug metabolizing enzymes, increased liver
weight (no change: 2500 mg/kg), hepatic centrilobular hypertrophy (no change; 1000 mg/kg),
hyperplasia of smooth endoplasmic reticulum, and decreased glycogen (500 mg/kg; no electron
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mncmscupv canducted) were noted. In addition. deereased pH and increased specific gravity of
the urine (300 mg/kg: 2100 mpfke) were observed and abnormal crystals were also found in
urinary sediments derived from the 500 mg/kg and higher dose groups of the 6-month study.
These were all considered 10 be due 1o metabolites (3-car boxylic acid) excreted in urine. All of
the changes observed at the end of the dosing period recovered post-dosing. The effect of
Pirfenidone on the coagulation system (pmkmgad APTT and PT and increased platefet count)

was observed in the 500 mg/kg post-dose recovery group of the 1-month study (in this study. a
post-dose recovery group was not included for the lower dose levels of 20 or 100 mg/kg). To
further investigate this finding. additional l-month and 2-month repeated-dose studies were
conducted at the same doses as used in the original 1-month study: No effect on the coagulation
system was ngted in any of the post-dose recovery groups for any of the dose levels (post-dose
perinds of 8, 15, 30, and 62 days for the 0. 20, 100, and 500 mg/kg/day groups, respectivelyj of
the additional 1-maonth study or in any group in the additional 2-month study. On the basis of the
above findings, the NOAEL in rats was determined 1o be 100 mg/kg/day in both the 1- and 6-
month oral repeated-dose studies. As for toxicokinetics, the exposure (AUCpm and Criax)
increased dose-dependently. Towever. the exposure decreased after repeated dosing m the 500

mg/kg and higher dose groups and was higher in females than in males in the 1000 mg/kg group.

3.(i11).A.(2).2) Repeated-dose toxicity studies in dogs (4.2.3.2-04 to -45)
A 3-month study and a Y9-month study were conducted at the same doses (0, 20, 70, or 200
mg/kp/day). Inboth studics, 5-week post-dose recovery groups were included.

Common noteworthy findings in both studies included vomiting and salivation in the 70 mg/kg
and higher dose groups and decreased activily, abnormal gait, abnormal phonation, stiffness and
relaxation of limbs, dysstasia. abnormal breathing. head shaking. convalsion, slecp. mvdriasis,
and increased ALP in the 200 mg/kg group. In addition, mucous feces (3-month study, >70
mg/kg: 9-nmn[h study. 220 mg/kg. hereinafter the same), increased submandibular gland weight
(220 mg/kg: 200 mg/kg), and hypertrophy of mucous glands (200 mg/kg; >70 mg/kg), and
increased pl‘mlct count (200 mg/kg: 270 meikp) were noted. Other noteworthy findings
inchuded decreased prostate weight in the 20 mg/kg and higher dose groups of the 3-month
study; diarrheal feces, ptosis, tremor. decreased food consumption. decreased uterus weight and
uterine atrophy and prostatic atrophy in the 200 mg/kg group of the 3-month study: and
decreased mean body weight gain (including body weight loss in a few animals) in the 70
mg/kg or higher dose groups of the 9-month study. Flepatic biochemistry revealed increased
phospholipids (200 mg/kg: 220 mg/kg), increased activity of phenobarbital-type hepatic drug
metabolizing enzymes (220 mg/kg: 20 mg/kg). and increased hepatic CYP contents (320
mg/kg, 270 mg/kg). As changes related to the induction of the hepatic drug metabolizing
enzymes, increased liver weight (200 mg/kg: 200 mgkg), hepatic centrilobular hypertrophy
(200 mg/kg; 200 mg/ky), hyperplasia of smooth endoplasmic reticulum, and decreased glycogen
(220 mg/kg: no electron microscopy conducted) were noted. On the basis of the frequencies and
severity of the findings as well as their toxicological relevance, the NOAEL in dogs was
determined to be 70 mykg/day in the 3-month repeated-dose study and 20 mg/kg/day in the 9-
month repeated-dose study. As for toxicokinetics, the exposure {AUC.a, and Cay,) increased
dose-dependently and there were no repeated-dose-related changes or gender differences.

3.(ii1). A.(2).3) Oral divided-dose study in mice and its investigative study

a. Six-week TID dosing study in mice (4.2.3.2-86 to -(7)

Pirfenidone was administered to mice, an animal species used for drug efficacy assessment, by
gavage at daily doses of 0, 10, 30 60, 100, or 500 mg/kg in three divided doses (TID) (0, 3.3
10, 20, 33.3. or 167 mg/kg/dose) for 6 weeks. Decreased activity was observed in the 500 mg/kg
group. Histopathological examinations detected mononuclear cell infiltration in the renal pelvic
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mucosa and submucosa and in the Harderian glands in the 100 mg/kg and higher dose groups,
and in the submucosa and muscle layers of the bladder in the 500 mg/kg group. The NOAEL
was determined to be 60 mg/kg. Inereased activity of phenobarbital-type hepatic drug
metabolizing enzymes was noted in all treatment groups. and increased hepatic CYP contents
were noted in the 300 mg/kg group. As changes related to these findings. increased fiver weight
and hepatic cemtrilobular hypertrophy  were observed in the 300 mg/kg group. As for
toxicokinetics. the exposure {(AUCuay, and Cy,) increased dose-dependently but decreased
after repeated dosing in the 30 me/kg and higher dose groups.

b Twao-week QD dosing study in mice (4.2.3.2-08)

Pirfenidone was administeced to mice by gavage at a daily dose of 0, 100, 300. or 1000 mg/kg
once a day (QD) for 2 wecks to evaluate whether the inflammatory renal pelvic changes noted
in the 6-week TID dosing study in mice were dependent on the dosing frequency per day.
Mononuclear cell infiliration was observed in the renal pelvic mucosa and submucesa in the 100
mg/kg and higher dose groups. The exposure (AUCqa) at a daily dose of 100 mg/kg was
comparable to that in the 6-week TID dosing study in mice. Thesc findings suggested that the
inflammatory lesions in the renal pelvis depended not on the dosing frequency per day but on
the exposure per day.

¢. Two-week TID and QD dosing study in rats (4.2.3.2-.09)

Pirfenidone was administered to rats by gavage for 2 weeks at a daily dose of 0. 100, 300, or
00 mgskg TTD (0, 33.3, 100, or 333.3 mg/kg/dose) or at a daily dose of 1000 mg/kg once a
day (QD) to evalnate whether a greater dosing frequency per day would cause rats to develop
inflammatory renal pelvic changes as observed in the 6-week TID dosing study in mice. No
aninwals developed venal pelvie lesions in any of the treatment groups and the exposure (AUCq.
ah) il a daily dose of 1000 my/kg. whether T1D or QD. far exceeded the exposure at which
lesions were noted in mice. These findings suggested that the inflammatory changes in the renal
pelvis were specific to mice,

3.(31i1). A.(3) Genotoxicity

A bacterial reverse mutation test (4.2.3.3-01) and a chromosomal aberration test using cultured
cells derived from Chinese hamster lungs (4.2.3.3-02) were conducted as in vitro tests, and an
oral bone marrow micronucleus assay in mice (4.2.3.3-03) and an unscheduled DNA synthesis
test using rat hepatic cells (4.2.3.3-04) were conducted as in vive tests. AH these tests produced
negative results, demonstrating that Pirfenidone has no genotoxic activity.

3.} A.(4) Carcinogenicily

A 104-week dictary carcinogenicity study was conducted in mice and rats. Increased
frequencies of hepatocellular tumors in mice and of hepatocellular tumors and uterine tumaors in
rats were observed. When the non-carcinogenic doses in mice and rats (mice, <800 myg/ky/day;
rats, 375 my/Kg/day) werc compared with the human exposure after repeated dosing of 1800
mgfday (maximum daily dose of Pirfenidone used in humans) (5.3.3-08), the Cpy and AUC paas
in mice were less than (.07 to 0.18 times and less than 0.11 to 0.29 times, respectively, those in
humans. The exposure in rats was not caleulated but, based on the results of other studies, was
estimated to be smaller than the clinical exposure. The oncogenic mechanisms for these tumors
were examined in investigative studies. The results of the swdies suggested that the
hepatocellular tumors observed in mice and rats were rodent-specific changes associated with
the induction of phenobarbital-type hepatic drug metabolizing enzymes and also suggested that
the uterine tumors observed in rats developed through a rat-specific mechanism attributable to
an increase in the estradiol/progesterone ratio resulting from a higher extracellular dopamine
concentration ih the hypothalamus (4.2.1.3-04). Pirfcnidone was thus considered to be ualikely
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to pose a carcinogenic risk in humans.

3.(iii).A.(4).1) Carcinogenicity study in mice (4.2.3.4-01)

A 104-week carcinogenicity study was conducted in B6C3F, mice at planned doses of 0, 800,
2000, and 5000 mg/kg/day (mean actual doses of 0, 8193, 20164, and 5025.7 my/ky/day for
males; 0, 832.7, 20154, and 5037.0 mg/ke/day for females). Significant increases were noted in
frequency of hepatocellular adenoma in the male and female low dose and higher groups (16750,
36/50, 47/50, and 46/30 for males: 8/50. 20/50. 38/50. and 45/50 For females), of hepatocellular
carcinoma in the male moderate and higher dose groups and the female high dose group (7/50.
13/50, 35/50. and 45/50 for males: 8/50. 7/30, 15/50. and 28/50 for females), and of
hepatoblastoma i the male fow dose and higher groups (0750, 7/50, 14/50. and 21/50). Non-
neoplastic lesions included increased frequencies in eosinaphilic altered hepatocellular foci in
the male and female low dose and higher groups. in hepatic centrilobular hvpertrophy in the
male fow and higher dose groups and the female high dose group, in “wear and tear”
pigmentation of Kuptler cells in the male moderate and higher dose groups and the female high
dose group,.and in hepatic single-cell necrosis in the male moderate and higher dose groups. As
for toxicokinetics, the plasma concentrations of the unchanged drog and its S-carboxylic acid
metabolite increased almost dose-dependently and there were no zender differences or
accumulation.

3.(i1i).A.(4).2) Carcinogenicity stady in rats (4.2.3.4-02)

A 104-weck carcinogenicity study was conducted in F3d4 rats at planned doses of 0, 373, 730,
and 1500 mg/kg/day (mean actual doses of 0, 384.2, 767.6. and 1532.8 mg/kg/day for males; 0,
3825, 775.5, and 1546.3 mg/ke/day for females). Significant increascs were noted in frequency
of hepatocellular adenoma in the male moderate and higher dose groups and the female high
dose group (1/50. 5/30. 34/50, and 41750 for males: 1750, 3/50. 1/50. and 18/50 for females) and
of uterine carcinoma in the fumale high dose group (2/50. 6/50. 8/50. and 13/50). Non-
neoplastic lesions included increased frequencies in hepatic centrilobular hypertrophy in the
male and female low dose and higher groups. eosinophilic altercd hepatocellular foci and
mixed-type altered hepatocellular Toci in the male low and higher dose groups and the female
high dose group, clear cell altered hepatocellular foei in the male and femalc high dose groups,
endometrial cystic byperplasia in the female moderate and higher dose groups. and endometrial
glandular hyperplasia in the female high dose group. As for toxicokinetics, the plasma
concentrations of the unchanged drug and its S-carboxylic acid metabolite increased almost
dose-dependently and there were no gender differences or accumulation,

3.(tii).A.(4).3) Investigative studies of oncogenic mechanisms

a. Investigative study of the induction of hepatic drug metabolizing enzywines in mice given
dietary doses for 4 weeks (4.2.3.4-03)

1o response 1 the finding that hepatocellular tumors increased in the carcinogenicity study in
mice, a 4-week dietary dose study was conducted in B6C3F, mice given the same doses as used
in the previous carcinogenicity study (the planned doses were 0, 800. 2000, and 5000
mg/kg/day; the mean actual doses were 0, 748.4, 19993, and 4773.1 mg/kg/day for males; 0,
779.8. 1969.5, and 4958.4 mg/kg/day for females) to imvestigate the capacity of Pirfenidone to
induce hepatic CYP enzymes (CYP1A, 2B, 2D, and 3A). Phenobarbital-type induction of
hepatic CYPs, mainly CYP2B and 3A, was noted, except testosterone 2a-hydroxylase activity
(CYP2D) in the female low dose group.

b. Investigative study of the induction of hepatic drug metabolizing enzymes in rats given
dictary doses for 4 weeks (4.2.3.4-04)
In response to the finding that hepatocellular tumors increased in the carcinogenicity study in
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rats. a d-week dietary dose study was conducted in F344 rats given the same doses as used in
the previous carcinogenicity study (the planned doses were 0, 373, 750, and 1500 mg/ke/day:
the mean actual doses were 0, 4301, 8523, and 1647.2 my/kg/day for males; 0, 413.9, §24.8.
and 1354.2 mg/ky/day for females) to investigate the capacity of Pirfenidone to induce hepatic
CYP enzymes (CYPTA. 2B, 2C1HL. and 3A). Phenobarbital-type hepatic CYP induclion was
noted in all treatment groups. CYP2B induction was more notable in males than in females.

¢, Investigative study of the effect on the plasma hormone concentrations in rats given
dictary doscs for 4 weeks (4.2.3.4-05)

In response to the finding that uterine tumors increased in the carcinogenicity study in rats, a 4-
week dictary dose study was conducted in F344 female rats given the same high dose as used in
the previous carcinogenicity study (the planned doses were 0 and 1500 myg/kg/day: the mean
actual doses on Days 7 and 29 were 0 and 1262.5 mg/ke/day each) to evaluate the effect of
Pirfemidone ou female hormones by mceasuring the plasma concentrations of estradiol (E),
progesterone (P), and proluctin {PL) in animals showing diestrus | and 4 weeks after starting
dose. In both measurements, high levels of E and low levels of P and PL were noted with a
significantly elevated E/P ratio. This finding demonstrated that the plasma concentrations of
these hormones changed with an upward trend for estrogen,

3.(iii).A.(3) Reproductive and developmental toxicity

In a previous dictary dose study of fertility and embryo-fetal development in rats (4.2.3.5-04),
ne direct effect was observed on either the parent animal’s repraductive potential or embryvo-
fetal development. This time. a fertility and embryo-fetal development study in which the
dosing of the female animals (which were employed in a study of fertility and early embryonic
development) was continued until hard palate closure before examination of the fetuses, and a
study of prenatal and postnatal development including maternal function were conducted in rats.
An embryo-fetal development study was also conducted in rabbits. Pirfenidone showed no
teratogenicity in any of these studies, whereas it affected pregnancy maintenance and child
delivery by dums. Perinatal dosing also lowered the birth rate. When the NOAEL (30
mg/Kg/day) for pregnancy maintenance in rabbits was compared with the human exposure
(5.3.3-08) after vepeated dosing of 1800 mg/day (maximum daily dose of Pirfenidone used in
humans), the C,,,, in vabbits was 0.33-0.44 times that in humans and the AUC a4, in rabbits was
also far below that in humans. In rats, placental/fetal (4.2.2.3-03) and Ilacteal (4.2.2.5-02)
transfers of Pirfenidone were noted.

3.(ii1). A.(5).1) Fertility and embryo-fetal development study in rats {4.2.3.5-01)

Pirfenidone was administered by gavage at doses of 0, 50, 150, 450, or 1000 mg/kg/day to male
rats from 4 weeks prior to mating through the day before autopsy (for approximately 9 weeks)
and to female rats from 2 wecks prior to mating through 17 days of gestation. Noteworthy
findings included ptosis (males, >150 mg/kg/day; females before mating, 250 mg/kg/day;
pregnant females; 1000 mg/kg/day; hereinafier the same). decreased activity (>4350 mg/kg/day;
2350 mg/kg/day; 1000 mg/kg/day), weakness of limbs and abnormal gait (2450 mg/kg/day: >450
mg/kg/day: 1000 mg/kg/day). respiratory depression (1000 mg/kg/day; >450 mg/kg/day; none),
decreased body weight gain (2450 mg/kg/day: none; 2150 mg/kg/day), decreased food
consumption (2450 mg/kg/day, 450 mg/kg/day {after 1 week of dosing]; 1000 mg/kg/day).
While body weight gain and a prolonged estrous cycle were observed during the premating
period in females given 450 mg/kg or higher doses, there were no abnormal findings in sperm
examinations or pertaining to the mating rate, conception rate, number of corpora lutea, number
of implantations, rate of preimplantation loss, or the survival and development of fetuses, The
NOAELSs determined in this study were as follows: for general toxicity, 50 mg/kg/day for males,
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<50 mg/kg/day for premating females, and 50 mg/kg/day forpregnant females; for reproductive
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toxicity, HO00 mg/kg/day for males and 150 meg/kg/day for females. and 1000 mg/kg/day for
embryo-fetal development toxicity,

3.(iti). A.(5).2) Embryo-fetal development study in rabbits (4.2.3.5-02)

Pirfenidone was administered by gavage at doses of 0. 30, 100. or 300 mg/kg/day to pregnant
rabbits from 6 days of gestation through 18 days of gestation. Noteworthy findings related 1o
general loxicity to dams included death in the 300 mg/kg group; respiratory distress, abdominal
position, auricular vasodilation, dullness in the startle response, ptosis, drooping auricles, and
decreased food consumption in the 100 mg/ky and higher dose groups; and deep respiration,
salivation, lacrimation, decreased body weight gain in the 300 mg/kg group. Noteworthy
tindings related to repreductive toxicity included premature birth in the 100 mg/kg group and
abortion and fotal resorption of the embryos in the 300 mg/kg group. There were no abnormal

findings in fetal survival and development including external, visceral, and skeletal observations.

The NOAEL in this study was determined to be 30 mg/kg/day for maternal general and
reproductive toxicities and 300 mg/kp/day for embryo-fetal development toxicity. As for
toxicokinetics, the exposure (AUCar, and Cua) increased dose-dependently and showed no
changes associated with repeated dosing,

3.(1ii). A.(3).3) Study of preaatal and postnatal development including maternal function in
rats (4.2.3.5-03)

Pirfenidone was administered by gavage at doses of 0, 100. 300. or 1000 mg/kg/day to pregnant
vats from 7 days of gestation through the 20th day afier the delivery. Noteworthy findings
related to general toxicity to dams included death (during pregnancy, 1000 mg/kg: during
lactation. none; hereinafter the same), decreased activity (2100 mgkg; 2300 mg/kg), respiratory
depression (2300 myg/kg: 1000 mg/kg), lacrimation (1000 mg/kg: none), salivation (300
mg/kg: 2300 mg/kg), decreased body weight gain (2300 mg/kg: 2300 mg/kg). and decreased
food consumption (2100 mg/kg; >300 mgke). Noteworthy findings related to reproductive
toxicity included a prolonged gestational period and a decreased birth rate in the 1000 my/kg
group. With respect to Fl animals, a decreasing trend in the mean number of pups per litter and
the mean number of liveborn pups per litter, increased mean number of stillborn pups per litter.
and decreased bigth rate in the 1000 mg/ke: and a decreased body weight gain during lactation
in the 300 mg/kg and higher groups. However, Pirfenidone did not affect developmental
differentiation, reflex and sensory functions. external and skeletal morphologies, sexual
maturation, estrous cycle. behavior, or reproductive function. The NOAEL in this study was
determined to be <100 mg/kg/day for maternal general toxicity, 300 mg/kg/day for reproductive
tm‘icitv and 100 t'ns./ku/dav for pruﬂl:ﬂ and posin.iml ‘e\'elopmcn( (oxiciw Sincc: Pirf‘cn'idom.

F 1 :\mmah during Iacmuon may have been dmuly Assouated wnh Pu‘iemdone.

3.(iif). A (6) Other toxicity studies

3.(iii).A.(6).1) A ntigenicity study (4.2.3.7-01)

An active systemic anaphylaxis (ASA) test and a passive cutancous anaphylaxis (PCA) test
were conducted in guinea pigs. When Pirfenidone was administered by pavage or by
suhcutaneous injection with Freund's adjuvant (FA), the ASA and PCA reactions were negative,
demonstrating the absence of immunogenicity. However, when a conjugate of Pirfenidone and
bovine gamma-globulin was administered subcutaneously together with FA, the ASA reaction
was negative, whereas the PCA reaction was positive. showing that Pirfenidone exhibited a
weak allergenicity.
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3.(iti). A(6). 2) Skin phototoxicity studies

a. Skin plmmtu\auw study in guinea pigs (4.2.3.7-02)

Pirfenidone was administered at a single gavage dose of 0, 40, or 160 mg/kg or by a single skin
application of 0, 1, or 3% (w/v) solution (100 pl.) to female Hartley me..d pigs shaved on the
shoulder arca, and the animals were subsequently irradiated (0.18 Tem®) exmullanwudv with
ultraviolet-A (UVA) and ultraviolet-B (UVB), followed by UVA irradiation (14 Jem?®). Neither
route of administration caused any changes in the shoulder skin. However, when UVA and UVB
were ﬁmmlmncmsslv irradiated (10 Fem™) after an oral dose of 160 me/kg during a sensitization
process for a subsequent skin sensitization study (4.2.3.7-02). erythema was noted in the skin of
the auricles. This finding suggested that Pirfenidone had the potential to induce skin
phototoxicity.

b. Additional skin phototoxicity study in guinea pigs (4.2.3.7-03)

As a result of the skin phototoxicity noted above, an additional skin phototoxicity study was
conducted employing the skin of (he auricles as the evaluation site. Pirfenidone was
administered by gavage to female Hartley guinea pigs at a dose of 0, 2.5. 10, 40, or 160
mg/kg/day for 3 days. UVA and UVB were simultaneously irradiated (10 Jom®) tmmediately
after each gavage. Erythema was abserved in the skin of the auricles after each treatment in the
(60 mg/kg group. Histopathological examinations revealed inflammatory changes in the dermis
in the 40 mg/kyg and higher dosc groups. These findings indicated that Pirfenidone induced skin
phototoxicity. Erythema had almost disappeared and the inflammatory changes also ameliorated
on the day after the last treatment. suggesting a good posi-dose recovery.

c. Investigative study of the preventive effect of sunscreens against skin photetoxicity in
guinea pigs (4.2.3.7-04)

The preventive effect of sunscreens on Pirfenidone-induced skin phototoxicity was evaluated.
Various types of sunscreens with different dosage forms (emulsion and cream), sun protection
factors (SPFs, a measure of protective effect against UVB), and protection grades for UVA (PAs,
a measure of protective effect against UVA) were upplu.ct to the skin of the auricles of female
Hartley guinea pigs (emulsion, 2 pL/em’; cream. 2 mg/em®). A single 0 or 160 mg/kg dose of
Pirfenidone was subsequently admm;stucd by gavage, immediately followed by simultaneous
UVA and UVB irradiation (10 Jem? ). In this study. sunscereens reduced the erythema, as well as
the histological findings including edema. inflammatory cell infiltration. and hyperemia, which
were observed in animals unprotected by sunscreens. The sunscreens tested included Type |
(emulsion. SPF 20, PA+). Type 2 (emulsion. SPF 32, PA++), Tvpe 3 (emulsion, SPF 30+
PA+++), and Type 4 (cream, SPF 50+, PA+++). Sunscreens of Type 2 or greater protection
significantly reduced erythema and those of Type 3 or greater protection significantly reduced
histological changes, demonstrating that sunscreens with SPF 50+ and PA+++ had a preventive
effect.

d. Investigative study of the onset of skin phatotoxicity, the start time ol ultraviolet

irradiation, and irradiance levels in guinea pigs (4.2.3.7-03)

The relationships between the onsct of Pirfenidone-induced skin phototoxicity and the start time
of the ultraviolet irradiation and the irradiance levels were ev aluatcd Female Hartley guinea
pigs received simultaneous UVA and UVB irradiation (10 Jem®) 0, 2, 3. 4, 5, or 6 hours after a
single gavage dose of 0 or 160 mg/kg Pirfenidone to evaluate the relationship between
Pirfenidone-induced skin phototoxicity and the start time of ultraviolet irradiation. Ervthema in
the skin of the auricles was significantly reduced in animals irradiated at least 2 hours afier
gavage and was not observed in animals irradiated 4 or more hours after dosing. With respect to
histology. mﬂammatory cell infiltravion, edema, and hyperemia were noted in the dermis of
amimals irradiated immediately after gavage, whereas thése conditions were significantly
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reduced in animals irradiated 4 or more howrs after dosing. Furthermore, skin pholoumuly wias
not noted aftér irradiation after a 6-hour interval. thu femdlc H"n!icy wumw pigs received
simultancous UIVA and UV irradiation at doses of 1.25, or 10 Jem® after a single
gavage dose of 0 or 160 mg/kg Pirfenidone to evaluate the rehtlcmhlp between Pirfenidone-
induced skin phototoxicity and irradiance levels, erythema in the skin of the auricles was
markediy rcduced in severity with decreasing irradionce levels and was not observed in animals
irradiated at 1.25 Jem®. Histological results showed a similar trend. However, marginal
mﬂdmnmtm v Lhdm.c.s were detected even after irradiation at 1.23 Jem®. When a single 160
mg/ke dose of "'C-Pirfenidone was administercd by gavage (4.2.2.4-03), the mdmachwh in the
auricles showed a concentration-time profile similar 1o that in plasma (though the radicactive
level in auricles was lower than that in plasma) and the unchanged drug accounted for a large
part of radioactivity until 4 hours after gavage. These findings suggested that skin phototoxicity
was associated with the concentration of the unchanged drug in the skin,

3.(iii).A.(6).3) Skin photoscnsitization study in guinea pigs (4.2.3.7-02)

Pirfenidone was administered by gavage to female Hartley guinea pigs shaved on the shoulder
arca at doses of 0, 40, or 160 mg/kp/dose or by a skin application of 0 or 3% (W/v) solution (100
nl) five times a week for 2 \\u:ks Immediately after each gavage or skin application, UVA and
UVB were irradiated (10 Jem) simutancously to sensitize the animals. Seventeen days after
the last sensitization, Pirfenidone was again administered bv gavage using the same dose as
used in. the sgnsitization or by a skin appl%cation of 0, 1. or §% (w/v) solution (100 pl),
immediately followed by UVA irradiation (14 Jem®) to induce skin photoallergenicity. Neither
route of administration caused any macroscopic skin abnormalitics. demonstrating that
Pirtenidone had no capability to photosensitize the skin.

3.(iii).A.(6).4) Photogenatoxicity studies

Photo- Ames tests using bacteria (4.2.3.7-06 and -08) and photo-chromosomal aberration tests
using cultured cells derived from Chinese hamster lungs (4.2.3.7-07 and -09) were conducted to
evaluate Pirfenidone and its major metabolite, pirfenidonc-5-carboxvlic acid. The photo:Ames
fests of Pirfenidone and the S-carboxylic acid metabolite and the photo-chromosomal aberration
test ol the S-carboxylic acid metabolite produced negative results, while the photo-chromosomal
aberration test of Pirfenidone showed a positive result. ie.. a dose-dependent increase in
abnormal structures. A photo-chromosomal aberration test (4.2.3.7-10) of the photolvie
(Photolyte-1) prepared using the same light irradiation conditions used in the previous photo-
chromosomal aberration test of Pirfenidone produced a negative result. This indicated that the
photolyte itselt was unlikely to be involved in the induction of photo-chromosomal aberrations
by Pirfenidone.

3.(iii).B Outline of the review by PMDA

3.(i1i).B.(1) Phototoxicity

In rclation to the high frequencies of photosensitivity in clinical studies, PMDA asked the
applicant to consider the necessity of conducting repeated-dose phototoxicity studies and to
expand ot the systemic effect of the phototoxicity-inducing substance.

The applicant responded that they would conduct 2 4-week repeated-dose phototoxicity study
with UV irradiation in hairless mice because both the skin outcomes after repeated dosing and
UV irradiation and the systemic effect of the phototoxicity-inducing substance were still
unknown.

Although the results of the study have not been provided yet, in consideration of the fact that
repeated dosing dhd repeated exposure to light neither exacerbated skin lesions nor affected the
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whole body in the preliminary studies. PMDA has o particular concerns about the cutuncous
effect of the repeated onset of phototoxicity or the possible adverse systemic effect of the
phototoxicity-inducing substance. The final resul(s of the study are scheduled to be submitted
before the Review Report (2) is prepared.

3.(iii), B.(2) Photogenotoxicity and photocarcinogenicity

Being awarc of the likelihood that the phototoxic and photogenotoxic concentrations of

Pirfenidone are close to each other. PMIDA requested the applicant to consider (1) the possibility
that photogenotoxicity is induced in the skin showing clinical photosensitivity, (2) the necessity
of” conducting a photocdrcinogenicity study or an in vive nonclinical study as an aid to the
assessment ofiphotocarcinogenicity, and (3) the need (o include a cautionary statement in the
package insert about photogenotoxicity and photocarcinogenicity.

The applicant responded as follows:

When the exposure levels were compared between the skin phototoxicity studies and the photo-
chromosomal aberration test and the clinical studies. the C,,, after the repeated dosing of 1800
mg/day (maximum daily dose) to humans was approximately 10 pg/mlb, while the Cpy in
plasma at the dose at which inflammatory changes were observed in the dermis of the avricles in
the phototoxicity study in guinea pigs was 11.9 pg/mb. In the phote-chromosomal aberration
test wsing cultured cells derived from Chinese hamsters, cells with abnormal structures
increased dose-dependently when the Cy,,, was 16 pg/mL or greater (the no observed effect
level [NOEL] was <[6 pg/mL). These findings suggested that the gap between the phototoxic
and photogenotoxic concentrations was too small to rule out the possibility of gene damage at
photoirradiated sites in humans. Based on these findings, the applicant congidered the conduct
of a photocarcinogenicity study and a skin photo-micronucleus assay as in vivo nonclinical

studies. However, since it is clear that light damages genes and. therefore, the possibility of

Pirfenidone exhibiting photocarcinogenicity cannot be ruled out, the applicant decided against
the conduct of a photocarcinogenicity study or an in vive nonclinical study as an aid to the
assessment of photocarcinogenicity. The applicant instead plans to include as follows: a. a
cautionary statement in the lmportant Precautions section of in the package insert to the effect
that structural abivormalitics of chromosomes were observed in a photogenotoxicity study and,
therefore. the possibility of skin carcinogenicity associated with light exposure cannot be ruled
out; and b, a cautionary statement in the Other Precautions section to the effect that
photorrradiation induced stractural abnormalities of chromosomes in a photo-chromosonal
aberration test using cultured cells derived from Chinese hamster lungs and, therelore, the
possibility of skin carcinogenicity associated with light exposure cannot be ruled out.

PMDA considers that the wording used in the cautionary statement should be changed to “light
exposure has the potential to induce skin cancer,” based on the high probability of light
exposure-related skin carcinogenicity.

3.3iii).B.(3) Melanin affinity

The risks of phototoxicity (skin irrvitation) and photogenotoxicity were discussed on the
assumption that Pirfenidone is unlikely to be retained in the skin based on the results of tissue
distribution and whole-body ARG studies in rats. However, the distribution of Pirfenidone was
investigated only in albino animals and melanin affinity, 2 potentially important factor in the
risk assessment of photosafety, was not considered. In view of this, PMDA asked the apphcant
to explain the appropriateness of the above discussion.

The applicant responded as follows:
The applicant conducted an additional whole-body ARG study in colored rats using "C-
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Pirfenidone to evaluate melanin affinity of Picfenidone. Radioactivity in the melanin-rich iris
reached a peak 30 minntes post-dose. similar to that in the liver, and reduced thereaficr. There
was only a trace of radioactivity after 8 hours and no radioactivity observed after 24 hours.
Furthermore, no difference was found in radioactivity transfer between the melanin-rich black
skin and mefanin-absent white skin. These findings indicated that Pirfenidone was unlikely (o be
accumulated in melanin-containing tissucs.

3.(iii). B.(4) Carcinogenicity

In relation to the development of hepatoceliular tumors in carcinogenicity studies, PMDA asked
the applicant, 1o give the rationale for regarding Pirfenidone’s induction of hepatic drug
metabolizing enzymes as phenobarbital-type.

The 1pphc.1m responded that they had determined that the induction was phenobarbital-type by
comparing the enzyme activity patterns as the markers for cach CYP isozyme in rats and mice
respectively, with data obtained from the literature (Parkinson A. et al. Biochem Phurmacol.
1992:43:2169-80. Nerurkar PV, et al. Biochem Pharmacol. 1993:46:933-43).

In the carcinogenicity study in mice, the pigmentation of Kupffer cells and hepatic single-cell
necrosis were observed, suggesting the presence of continued liver damage. Also. it does not
seem reasonable to attribute the development of hepatocellular tumors to the induction of drug
metabolizing enzymes alone. For these reasons, PMDA asked the applicant to explain the
possibility that continued hepatic damage causes hepatocellular tumors.

The upplicant responded as tollows:

The pigmentation of Kupffer cells was considered to be caused by unsaturated fatty acids
generated through lipid peroxidation of cell membranc components. Single-cell necrosis was
also noted in male animals. Based on these findings, the possibility that continued minor
hepatocellular damage and subsequent reactive proliferation of cells contributed to the
development of the hepatocellular tumors cannot be ruled out. In female animals, however,
pigmentation was observed but single-cell necrosis was rare. Considering the results obtained
from both genders, the hepatic drug metabolizing enzymes appeared to be a major contributor to
the development of hepatocellular tumors.

PMDA asked the applicant to discuss the rationale for considering that the risk of hepatocellular
tumors in humans is low, in rclation 1o the finding that the human exposure levels largely
exceeded the exposure at the non-carcinogenic doses in the carcinogenicity studies.

The applicant responded that although the human exposure levels largely exceeded the exposure
at the non-carcinogenic doses in the carcinogenicity studies. the exposure levels appeared
unlikely 1o induce drug metabolizing enzymes in humans and thus were unlikely to pose a risk

of hepatocellular tumors in consideration of the following points: a. The increased incidence of

hepatocellular tumors in mice and rats appeared to be attributable to the non-genetic damage
eftect associated with the induction of phencbarbital-type hepatic drug metabolizing enzyvmes. A
human epidemiclogical study of phenobarbital reported that tumors did not develop even at
dose levels suggesting enzyme induction (McLean EM, et al. Bull Cancer. 1990:77:305-8,
Whysner I, et al. Pharmacol Ther. 1996:71:133-91), b, When the induction of human hepatic
drug mctabo!izing enzymes was investigated using an in vitre human hepatocyte culture system
(5.3.2.2-04), induction of C'YP3A4/S and CYP2C19 was noted only after exposure to a high
Pir f'emdonc concentration (approximately 46 pg/mL), which exceeded the plasma concentration
(Ciaes apploumale!y 10 pg/mL) obtained after repeated dosing of 1800 mg/day (maximum
daily dose used in humans),
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3.(11).B.(5) Toxicity of metabolites
PMDA asked the applicant to explain whether they had fully evaluated the toxicity of the
metabolites in humans based on the submitted toxicity study results.

The applicant responded that they believed that the toxicity of the metabolites had been
sufficiently cvaluated, giving the following information: The major metabolite was pirfenidone-
S-carboxvlic acid in all human studies and in the animal (rats and dogs) toxicity studies. The
exposure to this metabolite in humans and animals was, respectively, approximately half and
almost equivalenmt to the exposure to the unchanged drug, When the NOAELs: (rats. 100
mg/kg/day; dogs. 20 myg/kg/day) in the repeated-dose toxicity studies in rats (6-month dosing)
and dogs (9-month dosing) were compared with the buman exposure to the S-carboxylic acid
mctabolite after repeated dosing of 1800 mg/day (maximum daily dose of Pirfenidone used in
humans) (5.3.3-08). the Cn in both animal species exceeded the clinical exposure and the
AUCuam was comparable. In the repeated-dose toxicity studies, safety was evalaated up to
1000 mg/kg in rats and 200 mg/kg in dogs.

PMDA accepted the applicant’s responses to the issues (1) to (3) above, with. the proviso that
cautionary stalements about photogenotoxicity and photocarcinogenicity are included in the
package insert as recommended. Phototoxicity, photogenotoxicity. photocarcinogenicity, and
reproductive toxicity (an effect on pregnancy maintenance and child delivery of the dam,
decreased birth rate. an effect on the development of pups) of Pirfenidone are significant clinical
concerns. However. in light of the present situation that in the absence of established therapies
for idiopathic pulmonary fibrosis which is a refractory disease with poor prognosis, PMDA
concludes that Pirfenidone can be used in the treatment of humans, provided that the applicant
takes appropriate measures 1o reduce those risks. including calling attention to such risks and
ensuring that the patients are fully aware of them before the start of treatment.

4. Clinical data

4.()) Summary of results of the clinical pharmacokinetic and pharmacedynamic studies
4.().A Sununary of the submitted data

The results of four Japanese studies (5.3.2.1-01. 33.2.2-01 to 5.3.2.2-03) and one study
conducted outside of Japan (5.3.2.2-04) evaluating the protein binding and metabolism of
Pirfenidone in humans were submitted (these stady results are presented in the section on non-
clinical pharmacokinetics). In addition, as data for pharmacokinetic assessment, the results of a
Phase [ single dose study (5.3.3-04) and a multiple dose study (5.3.3-08) in healthy Japanese
male adults, a food cffect study (3.3.3-04), Phase 11 studies in patients with idiopathic interstitial
pneumonia {5.3.3-09 and 5.3.5-01), and a Phase Ul study in.patients with idiopathic pulmonary
fibrosis (5.3.3-10) were submitted.

The concentrations of the unchanged drug. S-carboxylic acid metabolite, and S-hydroxymethyl
métabolite i plasma, urine, serum, and serum ultrafiltrate after administration of Pirfenidone
were determined using high performance liquid chromatography in accordance with validated
procedures, The quantitation limits for plasma, serwm ultrafiltrate. and urine concentrations of
the unchanged drug were 0.100 ug/ml., 0.100 pg/mL. and 1.00 pg/mb, respectively. The
quantitation limits for plasma and urine concentrations of S-carboxylic acid metabolite were
0.100 pp/mL and 10.0 pg/ml., respectively. The quantitation limits for plasma and urine
concentrations of S-hydroxymethyl metabolite were 0.100 pg/ml and 2.00 pg/ml, respectively.
In this report, pharmacokinetic parameters are expressed as the mean or mean * standard
deviation unless otherwise specified.

w
0

102



4.(i).A.1) Evatuation of pharmacokinetics in healthy adults

a. Single dose study in healthy Japanese adults (5.3.3-04, Study 1)

The plasma pharmacokinetics and urinary excretion of Pirfenidone were evaluated in 18 healthy
Japanese male adults (excluding those given placebo) who received a single oral dose of 200,
400, or 600 mg under tasting conditions,

Plasma pharmacokinetic paramelers are presented in the table bedow. As shown in the table,
both the C e arid AUC, g, of the unchanged drug and S-carboxylic acid metabolite increased
almost in proportion to the inceease in the dose, and the Ty, and > were similar between dose
fevels. The urinary excretion rate of the unchanged drug up to 48 hours post-dose was lower
than 1% at all dose levels (200 mg. 0.10 £ 0.10%:; 400 mg, 0.17 £ 0.13%; 600 mg, 0.14
0.09%). while that of S-carboxylic acid metabolitc was approximately 90% at all dose levels
(200 mg, 87.7 % 1.9%: 400 mg, 88.6 & 7.1%; 600 mg, 91.7 = 3.4%). This indicated that
Pirlenidone was rapidly metabolized and excreted into urine primarily as 5-carboxylic acid
metabolite,

Table. Pharmacokinetic parameters after a single dose in subjects under fasting conditions

Dirse Coon T onas AUChans iy
{mgi ipgimla thry (pghr/ml) (hr)
200 JREE0R2 D752027 1397271 BUELES
Linclunged drug 200 B2y ) 74 0382020 | 203021177 1963 033
[0 [037x 178 0R] &026 170321197 176+ 040
5. Carhoxyic acid 200 299 a7 U 6751036 787 20817 802016
. metabatite 40 3392207 0 3% 4020 148841 81" 19620407
6010 TO0 %) 44" 083 £ 26 231721 37”7 1932046

Meann 2 standard deviation. n =6
o) The woight used for cateulaton s a vithie of P femdone-3<carboxylic acid itself nota value of
Pirfenidisne-caquivalent weight

b, Multiple dose study in healthy Japanese adults (5.3.3-08, Stedy 2)

The plasma pharmacokinetics and urinary excretion of Pirfenidone were evaluated in 12 hiealthy
Japaicse male adults who received multiple oral doses using a dose titration regimen (Period 1.
200 mg/dose; Period 11, 400 mg/dose; and Period 11, 600 mg/dose) for 18 days in three 6-day
periods. With the exception of Days 1 and 6 in each period, Pirfenidone was given three times
daily after each meal. On Days | and 6 in each dosing period, Pirfenidone was given twice daily
in the morning and afternoon and the pharmacokinetic parameters determined. Plasma
pharmacokinctic parameters in each period are presented in the table below. As shown in the
table, both Cyye and AUC gy, of the unchanged drug and S-carboxylic acid metabolite increased
in proportion to the increase in dose and there was no major difference in these parameters
between Days { and 6 of cach period. The urinary secretion rates of the unchanged drug and 3-
carboxylic acid metabolite were also similar between Days 1 and 6 of each period, suggesting
that multiple dosing had little effect on the pharmacokinetics of Pirfenidone.
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Table. Pharmacokinetic parameters afier post-meal repeated dose

Duse i’::::,:: [ Tagnam™ (‘p..y\j‘:-lah Toesorine™ Al by

img) Gagen vg:.%lc; tpegdml y they iygimlg thri tppebeinn ) iliry
200 | 27t £ 091 VoS 047 | 283t g2 604 LS 10172646 | 2174030
& 3062128 | 108082 | 270031 6.29 %096 22032347 2234009
Unchanged 500 {7y ALERRY] INEEX RS 62T 5159 hELE AR 46 13 £ 1001 | 242 £048
drog 6124 619189 § 1172054 [ 391 2209 638 £ 115 1 486921121 | 236 £ 038
400 E R =129 | 1232045 [ w21 2197 6332108 | 772220544 | 2352042
61K S1Y+ 184 | 1702034 | 10001 70 GI3L L0 T R23V 16350 [ 233 6045
200 1 PRSI+ 0A4 Y T 1172030 [ 20120427 | 6044105 | 126321 680 ] 2155040
5. 3 VIR 03S™ 1 1172078 | 17140367 | 6295096 | 127321499 | 233 £0.46
Carboxylie e 147h 2IRLOMT T 1672078 | 33621077 | S835032 | 24822407 | 347 200 56
avid 612} 32824079 | 1336075 1 36620377 | 6134109 | 255452425 | 253 2064
mewbatie | 1131 40 0&T5 | F25efid5 | 4071030 | 6R02107 | 380023867 [ 280 2031
618y JEVEORIY ] 1758045 | 4074073 | 6045105 | K652 3177 | 281 =065

Mean & standard doviabon, n = 12 )
) Vahie #fier doging b the morning. b) Valoe alter dosing in the sllernoon; ) AUC,0a, afler dasing twice a day:
d) The sweipht used for enlewlatim s value of Firfenidone-S-carboxylic actd sself, notu vatue of Prrfenidonc-cquivalent wright,

¢. Ex vive protein binding rate (5.3.3-02)

Whea a single oral dose of 600 mg of Pirfenidone was given to healthy Japanese adults under
fasting conditions, the serum protein binding rate of the unchanged drug at 1 and 3 hours post-
dose was 56.36 £ 1.75% and 59.26 £ 2 50%, respectively.

4.(1).A.2) Food effect study (5.3.3-04: Study 1)

The effect of food intake on the plasma pharmacokinetics and urinary excretion of the
unchanged drug and S-carboxylic acid metabolite was evaluated in 6 healthy Japanese male
adults who received a single 400 mg oral dose of Pirfenidone under fasting conditions or after a
meal in a cross-over study. The Ty, Cune Gae and AUC g, of the unchanged drug in plasma
after dosing under fasting conditions were 0.58 £0.20 hours. 9.24 £ 1.74 pe/mL, 1.96 £ 0.55
bours, and 20.10 % 11.77 ug-hr/mL, respectively. Those after post-meal dosing were 1.83  0.75
bours, 4.88 = 1.72 pg/ml., 1.77 + 0.55 hours, and 22.13 = 10.63 re-he/ml, respectively. These
results indicated that food imake significantly lowered Cp and AUCorg, and significantly
prolonged Tuw. The wrinary excretion rate of the unchanged drug and S-carboxylic acid
metabolite up to 48 hours post-dose was 88.74 + 6.98% for dosing under fasting conditions and
84.67 £ 4 31% for post-meal dosing, demonstrating no significant ditference.

4.(i):A.3) Evaluation of pharmacokinetics in patients

4. Phase I1 study (5.3.3-09 and 5.3.5-01, Study 3)

The plasma concentrations of the unchanged drug and S-carboxylic acid metabolite were
determined after the initial dose (200 mg) and during the multiple dose pertod in 15 Japanese
paticnts® with chronic idiopathic interstitial pneumonia who received Pirfenidone at a dose of
200 myg three times daily after cach meal for 2 days, then at a dose of 400 mg three times daily
after each meal for 2 days, and finally at a dose of 600 myg three times daily after each meal on
consecutive days. As seen in the following table of pharmacokinetic parameters after the initial
dose of 200 mg. changes in plasma concentrations in patients appeared to be comparable o
those in healthy adults. Afier model analysis of the plasma concentration data for the unchanged
drug and S-carboxylic acid metabolite afier the initial dose, the plasma concentrations for cach
patient for the time point immediately before the afternoon dosing on Day 3 in the multiple dose
period, immediately before the afiernoon dosing on Day 5 in the multiple dose period, and for |
hour after the afternoon dosing on Day 7 in the multiple dose period were predicted using the
model. There was only a small difference between the estimations and the actual measurements

* Patients whose Bond was ol feeted over tine at the titial dose
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in subjects in whon the concentrations<ould hz, caleninted. This suggested that multiple dosing
had little effect on the pharmm.nkmmcc uf‘ the unchanged drug and S-carboxylic acid
melabolite,

Table, P mrm.tu}kmum par.mu,lcm aller the initial dose

Dose B o . ; rnm AN K‘-H‘m Lz
imey ] iuimig L {hr} tig-usml) ihri
Unebanged druy 20 XTE G0 176 4 1] 7314058 3532217
Sarhosylicacid |0 PROEOIPT ] 206006 | 4855050 | 374307
metabolite _

Mean L starulard deviation n = 13 2
Mo = 12 b The weight used for e alculation’ »4’1 valite of Pirlenidone-3-cachoxa hie acid itsetf not a valoe of Firfenidone-
cquivillent weight: ¢dn = 1} i

Logistic regression analysis was pz,rformuj to evaluate the relationship between adverse drug
reactions (ADRs) and C,,. in- Jupm 3 with chronic idiopathic interstitial pneumonia
(No. of patients analvzed for plasnn )ha'rmam. Kinetics: 73 receiving Pirfenidone + 35 receiving
placebo = 108), by assuming the pl oncentration: [ hour after the afternoon dosing on DA\'
7 to be the Cyy, and assigning {hc pre mc or’absence of ADRs occurring up to Day 7 to c;thcr

%

of the following two values: (pr uu) Or ) (absent). The results showed that anorexia and
1 G (P=0.011 and P = 0.038, respectively).

queasy were significantly ﬂ:qouqtcd W

h. Phase l" <tudv (‘i 3. 3 I(). Stud\‘ 5)

ICCCIVLd Plrthdonc at a do&; 01 ‘00
the dmc uf 400 mg thrcc nmu Uail

trearment rccci\'ed Pirfcnidcnc atddose ot ’OO mg thxu. nmes dmlv mcr c1c11 meal for 4 \»ccks
and subscquently at the dosc of -H}ﬂ mg t!wee times daily after cach meal on consecutive days
{(No. of patients analyzed for plasma p!nmmmkmcms 93 receiving high doses + 50 receiving
low doses + 98 receiving placeboz®241). The plasma concentrations of the unchanged drug and
S-carboxylic acid metabolite were, délermined immediately before the afternoon dostng in Week
12 (trough concentration) and: =2 fi ~".fhc ammoon dosmg (asmmcd to be thc Coax)e AS
shown in the table below, there w "
concentrations and €, of lin. unc
the drug administered. e

Table. Plasma concentrations of the unchanged drug and 5-carboxylic acid metabolite in
’ patients

S-Carhoxyhic acid

Dosc tevel U"d“ﬁ"?g“‘.d. ‘“}"3 i juglntl;} metabolite (pgfal.

- Fijgh FIEIEE
Trough 738 £0 08
c 1ligh 3604242
B Low 3964143

Meun + stanidard deviation . I
) The werght used for coleulation' i value ol Pirfenidono-S-carboxylic acid itself, not value of Pirfenidone-
cquivilent weight

Furthermore, logistic regression; analvsrs ~was_ performed to evaluate the relationship between
ADRs and C,,,., by assigning th 1 sence or. absence of ADRs occurring up to Day 12 to either
of the following two values: . nt) or 0. (ab%m) The results showed that Coine affected
photosensitivity reaction, gam ’l‘ulamyft;anysfe:ase (GGTP) increased, and “anorexia +
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decreased appetite™ (£ < 0.001, ' = 0003, and /< 0.001. respectively).

In consideration of these findings as well as the fact that food intake significantly lowers the
Cinas 0f Pirfenidone, it is planned that a cautionary statement to the effect that Picfenidone must
be taken afier a meal will be inserted in the PRECAUTIONS section in the package insert to
call wsers” attention.

4.(i).B Outline of the review by PMDA

In light of the absence of studies to evaluate pharmacokinetic interactions, PMDA asked the
applicant to explain the possibility of intcractions with other drugs expected to be used
concomitantly with Pirfenidone.

The applicant responded as follows:

Based on concomitant drugs used in Phase Il and NI studies. the most probable concomitant
drugs include antitussives and expectorants as symptomatic treatments of the primary disease:
vaccines to prevent infection. antibiotics. antipyretic analgesics, and cold remedics to treat
infection because patients with idiopathic pulmonary fibrosis are prone to infection; and
antinlcer drugs and antacids to treat gastrointestinal symptoms that would frequently develop
after administration of Pirfenidone. In addition, Pirfenidone is unlikely to have pharmacokinetic
interactions with other drugs for the following reasons: a. Pirfenidone is metabolized not by a
particular CYP isoform but by multiple isoforms (CYPIAZ. 209, 2C19, 2136, and 2E1) and is
therefore unlikely to be affected by CYP inhibition by concomitant drugs: b. Pirfenidone has a
weak inhibitory effect on CYPIA, 2A6. 2C9, 2C19, and 3A4 but does not inhibit 2D6 or 2E1
and its major metabolite S-carboxylic acid metabolite does not inhibit any of these CYP
isoforms. either; ¢. Pirfenidone induces human hepatic CYP3A4/5 and 2C19 only after exposure
to high concentrations and is therefore unlikely to cause such an induction at clinical doses: d.
Pirfemidone has a low serwm protein binding rate.

The applicant also explained that a foreign study o examine the pharmacokinetics of
Pirfenidone in healthy adults who received Pirfenidone in combination with a liquid mixture of
antacids {aluminum hydroxide. magnesium hydroxide, and simethicone) showed there was little
likelihood of aptacids affecting the pharmacokinetics of Pirfenidone.

Since ADRs such as photosensitivity reaction and gastrointestinal disorder occurred more
frequently at greater exposure to Pirfenidone, PMDA asked the applicant to give their view on
the impact of renal function on the occurrence of ADRs.

The applicant responded as follows:

In order to examine the relationship between creatinine clearance (Cer} of the subjects and
frequencies of adverse events (AEs) and ADRs associated with the administration of
Pirfenidone, ALs and ADRs reporied in Phase 11 and 111 studies were compiled for each term of
AE/ADR and differences in the frequencies of those events/reactions were determined between
subjects with impaired renal function (Cer < 80 mbL/min) and those with normal renal function
(Cer 2 80 mL/min) by using Fisher's exact test. The results showed that there was no significant
difference for any term between the two groups [sce the table below], The safety of Pirfenidone
in patients with severe renal disorder is unknown because such patients were excluded from the
Phase Il and HT studies. Based on this. and in consideration of the renal involvement in the
climination of Pirfenidone. the inclusion of “patients with renal dysfunction™ in the list of
subjects in the Carcful Administration section in the package insert is planned to call users’
attention to this potential problem.



Table. Relationship between Cer and major adverse events in a Phase 111 study

High dose Lo duse
Cer (mb fmun w80 ~80 Fvalue < {0 z&0 P ealne
Nev ol subjects analvred 42 3 22 8
Photosen sitivity reaction 2004761 | 34 (66.7) na9| [RRNER L F3133 63 0.778
GOTP ingreased 3142 12423 54 812 612735 [ArR] D3
Anivexa + decreased FRREONI] 1502943 0319 336 5170 1 Gty
uppetite

Nie of abyecis (%)

Although accepting the above response at present. the PMDA considers that the effect of
concomitant drugs actually wsed in clinical settings needs to be evaluated in post-marketing
surveillance, In addition, since only a limiled number of patients with renal impairment were
inctuded in the chinical studies and since Pirfenidone may be used in patients with a more
deteriorated renal function after product launch, the relationship of renal function with ADRs
should be further investigated in post-marketing surveillance.

4.(ii) Summary of clinical cfficacy and safety
4.(ii).A Swmmary of the submitted data

In the application, data and information for efficacy and safety assessment derived from the
results of a Japanese Phase 1 study (5.3.5-01, Study 3), an extended treatment study following a
lapanese Phase H study (5.3.3-02, Study 4), and a Japanese Phase {11 study (5.3.5-03, Study 3)
were submitted. The results of Phase T swidies (5.3.3-01, Study 1; and 5.3.3-03. Study 2) were
also submitted as data and information for safety assessment.

4GiLA(1) Phase I studies (5.3.3-01: Study 1 (Il 198 « I, 190); 5.3.3-05: Study 2
| I, 208 o T, 20l

4.E)AL (1.1 Study 1

A randomized, single-blind. placebo-controlled study (Steps | and 3) and a randomized, open-
label, two-period. crossover study (Step 2. with a 1-week wash-out period) were conducted to
evaluate the safety and pharmacokinetics of Pirfenidone in healthy Japanese male adults (target
number of subjects, 22 {18 tor Pirfenidone + 4 for placebo]) [for pharmacokinetics. sce “(i)
Summary of results of the clinical pharmacokinetic and pharmacodynamic studies™].

In Step [, subjects received a single oral 200 mg dose of Pirfenidone or placebo under fasting
conditions. In Step 2, subjects received a single oral 400 mg dose of Pirfenidone under fasting
conditions or after a meal. In Step 3. subjects received a single oral 600 mg dose of Pirfenidone
or placebo under fasting conditions.

Overall, 12 subjects experienced 18 AEs including abnormal laboratory values (AEs were
compiled using Japanese Adverse Reaction Terminology [J-ART]). The events whose
relationship with Pirfenidone could not be ruled out (adverse drug reactions [ADRs)) included
one ADR of serum bilirubin increased in the 200 mg group: 2 ADRs of serum bilirubin
increased. one ADR each of sleepiness and herpes fabialis in the 400 mg group; 2 ADRs aof
serum bilirubin increased, one ADR each of queasy, heaviness of head, herpes zoster, white
blood cell count increased. and monocyte count increased in the 600 mg group; and one ADR of
sleepiness in the placebo group. No deaths or any other serious adverse events {SAEs) were
reported. o

4.(ii).A.(1).2) Study 2
A randomized, double-blind, placebo-controlled. intergroup comparison study was conducted to
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evaluate the safety and pharmacokinetics of Pirfenidone in healthy fapanese male adulis‘
{target number of subjects. 15 [12 for Pirfenidone + 3 for placebof) [for pharmacokinetics, s
(i) Summary of results of the clinical pharm'nukmcm and phbarmacodynamic studies™).

In the study. subjects received multiple oral doses using a dose titration regimen: 200 mg of
Pirfenidone or placebo three times daily after cach meal for 6 days in Period 1; 400 mg of
Pirfenidone or placebo three times daily after each meal for 6 days in Period 1[; 600 mg of
Pirfenidone or placebo three times daily afier cach meal for 6 days in Period 11, with the
exception of Days 1 and 6 of cach period, when the study drug was given twice daily in the
marning and the afternoon).

Overall, 7 subjects given Pirfenidone and 1 subject given placebo experienced 15 and 5 AEs,
respectively. The Abs (including abnormal Iaboratory values) were compiled using the
MedDR A/ tFminology. Adverse drug reactions included 3 ADRs of abnormal faeces, 1 ADR
cach of maluise and stomatitis in the 200 mg group; 2 ADRs of abnormal faeces and | ADR of
stomantitis in the 400 mg group: 3 ADRs of somnolence and | ADR of abnormal facces in the
600 mg group: and 1 ADR ecach of dizziness, nausea, asthenia, headache, and anorexia in the
placebo group. One placebo-treated subject discontinued the study drug due to 5 AEs (dizziness.
nausea. asthenia. headache. and anorexia). No death or any other SAEs were reported.

4.(ii).A.(2) Phase IT study (5.3.5-01, Study 3 |} 2000 - B 208

A randomized, double-blind, placebo-controlled. parallel-design study was conducted to
cvaluate the efficacy, safety and pharmacokinetics of Pirfenidone in patients with chronic
idiopathic intérstitial preumonia® (target number of subjects, 90 [G60 for Pirfenidone + 30 for
placebo]) {for pharmacokinetics, see “{i) Summary of results of the clinical plarmacokinetic
and pharmacodynamic studies™].

The study consisted of a 7-day dose titration period and a 48-weck treatment period. In the dose
titration period, dose was titrated as follows: Subjects reccived Pirfenidone at a dose of 200 mg
or placeho three times daily after each meal for 2 days (600 mg/day), then at a dose of 400 mg
or placebo three times a day after cach meal for 2 days (1200 mg/day). and finally a1 o dose of
600 mg or placebo three times daily alter each meal for 3 days {1800 mg/day). If an adverse
event developcd dose reduction was allowed and the dosage was individually determined for
each subject. Tn the treatment period. subjects reccived Pirfenidone or placebo at the
maintenance dose predetermined in the dose titration period three times a day after each meal. If
an AE developed, dose reduction was altowed. If the investigator subsequently considered an
increasc in the dose¢ 1o be acceptable, an increase in the dosage up to 1800 mg/day was allowed.

The safety analysis set consisted of all of the 109 treated subjects (73 given Pirfenidone and 36
given placebo). The full analysis set (FAS) for efficacy consisted of 107 subjeets after excluding
one subject piven Pirfenidone who failed to meet the target disease criteria and 1 subject given
placebo who failed 1o meet the se\entv criteria. The per protocol set {PPS) consisted of 93
subjects (60 given Pirfenidone and 33 given placebo) after excluding a further 14 subjects (9
subjects |7 given Pirfenidone and 2 given placcbo] wha discontinued the study drug less than 6
months of study medication due to AEs. and 2 subjects given Pirfenidone whe violated the

¥ This was an sdditional study conducted Lo examine the pharmacokinetics of Pirfenidone in detail in humans
receiving multipte doses.

* Patients who are 20 or more years old but younger than 73 years. diagnesed os having chronic idiopathic interstitial
prewnonta based on the Clinical Diagnostic Criweeia for Idiopathic nterstitial Pneamonia (thicd edition)” by the
MW designated disease research group for difiuse lung discases (high-resoltion CT is essential but pmhoiugu.ui
examinations arc optional), and have a Pa0O; at rest 270 Torr and SpO; during exercise €90% within | month prior to
enreltmeril,
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protocol in terms of bandling . and 3 subjects excluded for other reasons.)

The Data and Satety Monitoring Board conducted an interim analysis® on [Jj |} 20 based
on data obtained after 6 months of study medication in all treated subjects excluding those who
discontinued or drapped out of the study. The committee came Lo the following conclusions (_.
-N 20fD: (1) Although the values for arterial oxygen saturation (SpO;) during exercise, the
primary endpoint. in Pirfenidone-treated subjects suggested the ctficacy of Pirfenidone, no
significant difference was noted between them and placebo-treated subjects: (2) With respect to
improvement in other paramcters excluding vital capacity (VC), total lung capacity (TLCO),
diffusing capacity for carbon monoxide (DLco). and arterial Oy pressure (P20, a significant
difference between the Pirfenidone groups and the placebo group or a trend suggesting superior
efficacy of Pirfenidone was noted; (3) Acute exacerbation was observed disproportionately in
placebo-treated subjects, indicating the necessity from an ethical point of view of terminating
the study carly and administering Pirfenidone to placebo-treated subjects, In response to the
above recomniéndation. the double-blind study was lerminated early’ (decoded on . -

20[.

With respect to the primary endpoint’. SpO» during exercise in the FAS (primary parameter,
$pO; area'': secondary parameters, normalized SpO: arca’ and lowest Sp0,"). the mean SpO;
area and the mean normalized SpOx area were adjusted by using baseline values as covariates.
As shown in the following table of the adjusted means, there was no significant difference
between the treatment groups for either parameter afier 6 or 9 months of study medication.
Likewise. no significant difference was noted between the treatment groups after cither dosing
periad in the mean changes fron baseline in §pO: area, normalized SpO; area, or lowest SpO».

A study drug with the wrong assignment number was preseribed.

* {n this study. for which twe analyses {i.¢.. an interim analysis atler 6 months ol study medication and o final
analysis afler 12 months Jat the end of the srudy ) were planned. the significance level for analysis of the primary
endpoing was set al two-sided 0,025,

* Pata obtained aller 9 months of medication was also aralyzed becouse alt subjects had completed the 9-menth
observitions and gxaminations by the time of deceding.

" Inperproup comparisons of primary and secondary adpoints were made only in subjects for whom dita both at
baseline and after 6 months of medication were available (i 6-month data were missing. the LOCF method was
applicd to replace missing dota with data obtained at 3 months or later).

" Area enclosed between a straight line starting from the reference value (5pOy of 106%) on the longitudinal axis
and sunising parallel ta the horizental axis and o curve connecting the data points for $p0, measured over (im i a 6-
minute walk test. For subjects in whom measurement of $pO; was terminated without completing i full 6-minute test.
the value obtained af the time of termination was extrapolated parallel W the horizontal axis up to 6 minues (o
determine the arca

'f Area normatized by dividing the area up to the cessation of the walk by the duration time of the watk

¥ The towest SpQy obtained during a 6-minute walk test
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Table. Comparison of SpO, area and normalized SpO, area

Pacwoetes et ind Pirlenidone 1n = 66y Placebo (g = 3 P value®

. Y ey = 11 10

Spihy arep ilogarthime conversion} 6 months, 813 0003 $2it “m"' 7= 0089
i Y months 812 ¢ iy 823 ¢ (ks F=0092

. H months 9041029 GE6 L0453 =014

Normahized SpOs aren o .

Pz are G months N9 =020 T&1 £ F=0135

Adjosted.mean & standard crror
) Analysis of covarmnce with the baseline valoe a8 2 covarniate

Mean changes from baseline in VC. a sccondary endpoint, in the FAS are presented in the table
below. The VC change in subjects given Pirfenidone was significantly larger than that in those
given placebo after 9 months of treatment, while there was no significant difference between the
treatment groups after either the 6- or 9-month treatment periods in T1LC, DLea. PaOs ar rest,
KL-6. or SP-D.

Table. Comparison of changes in VC

Parametcr Period Parfenubone (n+ 67} Placehoan =31} Welch s 1 test
Ve (L) i months 001 £ 02 AR AT P 06
" 9 munths OO ENT EIRREN R P =0.037

Mean £ standird deviation

AEs (excluding abnormal laboratoty values) compiled vsing J-ART were reported in 97.3% of
subjects (71 of 73) given Pirfenidone and 88.9% of subjects (32 of 36) given placebo in the
double-blinded period (dose titration period + treatment period). One subject given placebo died
of interstitial poeumonia; this was considered to be unrelated to the study drug. SAEs other than
death reported in the double-blinded period included 17 SAEs in 14 subjects given Pirfenidone
(pneumonia in’3 subjects. abdominal distension/anorexia/common cold syndrome, common cold
syndrome, vasculitis. interstitial pncumonia. ileus, cholangitis. pneumothorax/tower respiratory
tract infectiom. viral infection. carcinoma hepatocellular. facial palsy. and epilepsy in 1 subject
each) and 12 SALs in 9 subjects given placebo (interstitial pneumonia in 3 subjects,
pneumothorax, lower respiratory tract infection/chest pain/pleurisy, respiratory tract infection,
pyrexia, pneumonia/interstitial pneumonia. and common cold syndrome in 1 subject each). Of
these. 3 SAEs (abdominal distension. anorexia. cholangitis, facial palsy and epilepsy) in subjects
given Pirfenidone and one SAE (pyrexia) in a subject given placebo were considered to be ADRs,
all of which improved or resolved. AEs resulting in discontinuation of the study drug were 21 AEs
(sun sensitivity [8 events], queasy [3 events). anorexia [2 events|, pyrexia [2 events]. and other
AEs [ each]) in the Pirfenidone group and 12 AEs (acute exacerbation of interstitial prieumonia
[S events]. pyrexia [3 events] and other AEs {1 each)) in the placebo group.

Abnormal laboratory values were reported in 65.8% (48 of 73) of subjects given Pirfenidone
and in 61.1% (22 of 36) of subjects given placebo in the double-blinded period. None of the
abnormal laboratory values was serious. Abnormal laboratory values resulting in
discontinuation of the study drug were 12 events (serum LDH increased [2 events) and other
abnormal laboratory values [ 1 event each]) in the Pirfenidone group and 16 abnormal laboratory
values (CRP increased |3 events], serum LDH increased [3 events), white blood cell count
increased {2 events]. and other abnormal laboratory values [1 event each)) in the placebo group.

ADRs were reported in 91.8% (67 of 73) of subjects given Pirfenidone and 47.2% (17 of 36) of
subjects given placeho. ADRs associated with abnormal laboratory values were reported in
50.7% (37 of 73} of subjects given Pirfenidone and 27.8% (10 of 36) of subjects given placebo.
The following table summarizes common ADRs.
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Table. Common adverse drug reactions reported in the double-blinded period of Study 3
{frequencies 23%)

Prrfensdone | Placebn Pirfenidone | Placeho
Mo, of sulijects snalvred 73 36 Abnormal lnhuratony villues
Phatoscnsitivity reaction 361493y @il 0y GOTV mereused ES (247 1¢2.8)
Anorexia 19264 256y ALT increased $itt Hiam
Nawsca 17433.3) 2156y AST increased 6(82) 1¢238)
Stoerach discomiot 171233y 2456 Fosimophil count incrensed 6187} 1{28}
Malaise 120164y 1128y ALF increased J (335 1128
Somunlenee s 159y Protein nne present 4135 1 {2.%)
Mharrhoca AEIERD) 24561 L13H increased 453 0{0.0)
[vspepsia {1 104137 F{28}
Rash G %2y 21361
Heudache 61824 18
Dianess S8 11281
Abdommal digtension 6482y 1128
Constption 3681 L (LR
Vompime = 6{82) oinm
Pyrexaa 4535 i{28)

No. ol sabjects (%01, compiled using MedDRAM terminodozy

tn response to the early termination of the double-blind study, the protocol of the study was
revised as follows: After decoding, subjects assigned to placebo discontinued receiving placebo
and (hose assigned to Pirfenidone could continue to receive Pirfenidone until the end of the
study (i.e., Week 49) if they wished to do so. Subsequently, all subjects, including those
originally assigned to placebo who wished to receive Pirfenidone, were able to continue to
receive Pirfenidone; and the study period was extended to Il T 200 (originally until
-, -i 200D A toal of 68 subjects (42 subjects receiving continued doses of
Pirfevidone and 26 subjects switching from placebo to Pirfenidone} enrolled in the extended
treatment period. The longest total treatment duration (double-blinded period + extended
treatment period) was approxinately 95 weeks,

In the extended treatment period. death occurred in 3 subjects: 2 subjects switching from
placebo 1o Pirfenidone  (interstiial  pneumonia  and  interstitial -pneumonia/medinstinal
emphysema/subcutancous emphysema) and 1 subject receiving continued doses of Pirfenidone
(pulmonary mycosis [invasive bronchopulmonary aspergitlosis]). The pulmonary mycosis was
considered to be related to Pirfenidone. SAEs. other than death, reported in the extended
treatment period were 4 SAEs in 4 subjects switching from placebo to Pirfenidone (1 discrete
SAE cach} and 13 SAEs in 12 subjects (pneumonia [3 events]. pneumothorax {2 events], and
other SAEs |1 each]) receiving continued doses of Pirfenidone. Pneumonia. pyrexia. jaundice.
and hepatic function disorder reported in subjects switching from placebo to Pirfenidone and
interstitial pneumonia, gastric cancer. and renal cancer in subjects receiving continved doses of
Pirfenidone were considered to be related to the study drug, all of which except gastric cancer
improved or resolved. Nineteen Alls (sun sensitivity [3 events), anorexia [2 events]. and other
AEs [1 each]) and 22 abnormal laboratory values (CRP increased {2 events] and other abnormal
faboratory values [1 event each]) resulted in discontinuation of the study drug during the
extended treatment period.

Integrated analysis of the safety analysis set (99 subjects, 73 subjects receiving continued doses
of Pirfenidone + 26 subjects switching from placebo to Pirfenidone) who received Pirfenidone
throughout the study (double-blinded period + extended treatment period) showed that 98.0% of
subjects (97 of 99) experienced AEs (including abnormal laboratory values). ADRs (excluding
abnormal laboratory values) and abnormal laboratory values were observed in 88.9% (88 of 99)
and 49.5% (49 of 99) of subjects, respectively, throughout the study. Common ADRs and
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abnormal laboratory values included sun sensitivity (photosensitivity) in 50.5% (50 of 99) of

subjects. anorexia in 29.3% (29 of 99). yucasy in 22.29% (22 of 99). GGTP increased in 22.2%
(22 of 99), stomach discomfort in 19.2% (19 of 99), sleepiness in 16.2% (16 of 99), malaise in
13.0% (13 of 99), heartburn in 11.1% (11 of 99), and GPT increased in [1.1% (11 of 99).

The applicant made the following claim: The findings above suggest that Picfenidone prevents
the deterioration of respiratory function associated with chronic  idiopathic  interstifial
pneumonia and is thus expected to contribute to a better prognosis; and although ADRs
including phetosensitivity and  gastrointestinal symptoms, were reported. it appropriate
measures such as  discontinuation/intervuption of Pirfenidone and dose reduction were
implemented the ADRs would improve or resolve,

4.(0).A.(3) Extended treatment study following a Phase 1 stody (5.3.5-02: Study 4 l,
2008 1o BB, 20Bl)

An open-tabel uncontrolled study was conducted following the Phase 11 study (Stadyv 3) to
cvaluate the safety and cfficacy of the continued administration of Pirfenidone in patients'
with chronic idiopathic interstitial pneumonia who wished to continue to receive doses of
Pirfenidenc.

In this study, subjects who had received Pirfenidone in Study 3 continued the dose regimen
employed in Study 3, and those who had received placebo in Study 3 started receiving Pirfenidone
at 600 mg/day and increased the dosage as appropriate up to 1800 mg/day. The treatment was
scheduled to last until the end of March 2004 (the longest treatment period, approximately 92
weeks; the longest overall treatment periods including Study 3, 136 weeks or longer).

The safety and efficacy analysis set of Study 4 consisted of all the 49 subjects treated with
Pirfenidone in Study 4 (34 from the Pirfenidone group and 135 from the placebo group in Study
3'). Of these, 26 subjects completed the (reatment period and 23 subjects discontinued the

study {16 subjects due to AEs. $ due to the wvestigator’s judgnient. and 2 due to dropout or lost
tes follow-up},

In this study, death occurred in 8 subjects: interstitial pneumonia, myelodysplastic
syndrome/infection MRSA. microscopic polyangiitis, interstitial pnewmonia/respiratory failure.
tension pneumothorax, severe pneumonia/sepsis, pulmonary embolism, and lung cancer in one
subject each. The causal relationship of microscopic polyangiitis with the study drug could not
be ruled out. One subject died (acute exacerbation of interstitial pneumonia) after post-study
follow-up. and a causal refationship with the study drag could not be ruled out. Twenty-two
subjects experienced 29 SAEs other than death (excluding abnormal laboratory values)
compiled using J-ART. Common SAEs were pneumonia (7 events), prneumothorax (4 events),
interstitial pneumonia (3 events), gastric cancer (2 events), lung cancer (2 events), and other
SAEs (I each). With respect to the 2 SAEs of lung cancer, | SAE each of gastric cancer,
interstitial pneumonia, and vasculitis, a causal refationship with the study drug could not be
ruled out: however, those SAEs except cancer improved er resolved. Nineteen AEs excluding

" Subjects who were receiving systemic administration of a corticosteroid at a dose cquivalent o more than 10
mgfday of prednisolone and those who had received steroid pulse therapy within 3 manths prior 10 envoliment were
excluded.

" Of the 68 subjeets (42 receiving continued doses of Pirfenidone und 26 switching from placebo o Pirfenidone)
enralled in the extended treatment periad of Study 3, 48 subjeets (35 receiving continued doses of Pirfenidone and 13
switching from placebo (o Pirfenidone) who completed the extended treatment period of Study 3 and 2 subjects
originally assigned o placeb in Study 3 who did not participate in the extended treatment period of Study 3 were
enrolled in the Study 4 {ihe extended treatment study following the completion of the Phase 11 siudy). Of these. one
subject who was in the Pirlfenidone group in the Study 3 did not actually receive the study drug during the Study 4.
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abnormal Taboratory vatues (interstitial pneumonia |3 cvents], lung cancer [2 events], gastric
cancer |2 events], pneumothorax [2 evenis]. and other AEs [l each]) resulted in the
discontinuation of the study drog. There were 9 serious. abnormal laboratory values: CRP
increased, neutrophil count increased/lymphocyte count  decreased/CRP  increased, CRP
increased/urine analysis abnormal (red blood cells urineVeylindruria. white blood cell count
increascd/CRP increased {1 event each)., Of these, CRP increased and CRP increased/urine
analysis abnormal (red blood cells urineYeylindruria were considered 1o be related to the study
drug. One subject with CRP increased died (microscopic polvangiitis) and all other abnormal
faboratory values improved or resolved. Eight abnormal laboratory values (CRP increased {2
events], urinary occult blood positive [2 events]. cylindruria [2 events) and other abnormal
laboratory values |} event cach]) resulted in the discontinuation of Pirfenidone.

in this study”an integrated analysis was performed combining data for the 50 subjects'
enrolled in the post-Study 3 extended treatment study with the findings obtained in Study 3. The
mean cumulative treatment duration from Study 3 was 903 + 273 days, the shortest durations
were between 36 weeks and less than 48 weeks. and 42.0% of the subjects received the study
drug for 156 wecks or longer. ALs (excluding abnormal laboratory values) and abnormal
lahoratory values were reported in 100.0% (30 of 50) and 86.0% (43 of 50) of treated subjects,
respectively. ADRs (excluding abnormal laboratory values) were reported in 94.0% (47 of 50)
and common ADRs (frequencies 210%) included sun sensitivity in 29 subjects (58.0%). queasy
i 1T (22.0%), anorexia in 10 (20.0%). heartburn and stomach discomfort in 9 each (18.0%).
sleepiness in 6 (12.0%), and diarrhoea and abdominal distension in 5 each (10. %). ADRs
associated with abnormal laboratory values werce reported in 50.0% (25 of 507 of the subjects,
and common ADRs associated with abnormal laboratory values included GGTP increased in 13
(26.0%), GPT increased and urinary occult blood positive in 7 each (14.0%), and ALY increased
and CRP increased in 5 each (10.0%).

In light of the above, the applicant explained that although cantion must be exercised due to the
accurrence of ADRs including photosensitivity and gastrointestinal disorders, the fact that half
of the subjects completed the scheduled treatment period suggested that the long-term
administration of Pirfenidone was possible.

The applicant also cxplained that following the conclusion (based on the findings of Phasc 11
studies. ete.) that the efficacy and safety of Pirfenidonc had been confirmed: the applicant filed
a new drug application in Japan in [, 20} The then Pharmaceuticals and Medical Devices
Evaluation Center madc the following points: a. Although the measurements of $p0; during
exercise, the primary endpoint, suggested that Pirfenidone was effective, its efficacy was not
sufficiently verified in the primary analysis population. b. Area of SpQ; during exercise, the
primary parameter. is not a widely recognized parameter and its appropriateness was not
verified. ¢, Handling of the frequently developing photosensitivity, such as to what degree

preventive measures can reduce the condition. needs to be studied. In response to these concerns,

the applicant withdrew the application and decided to conduct a Phase 11 study additionally.

4.(i).A.(4) Phase III study (5.3.5-03, Study 5 (. 2000 « BN 20l

A randomized. double-blind. placebo-controlled, parallel-design study was conducted to
cevaluate the efficacy, safety. and pharmacokinetics of Pirfenidone in patients with idiopathic

"™ The subject who did not receive the study drug in the Study 4 (extended treatment study following the Phuse 11
study) was incladéd, «
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putmonary fibrosis'’ (target number of subjects. 250 [100 for high doss of Pirfenidone + 50 for
fow doses of Pirfenidone # 100 for placebo]) [see (i) Summary of results of the clinical
pharmacokinetic and pharmacodynamic studies™).

The study consisted of 4 d-week dose titration peried and 48-week treatment period. In the dose
titration period. subjects received Pirfenidone at a dose of 200 mg (low and high dose groups) or
placebo three times a day after cach mieal for 2 weeks, then at a dose of 200 mg (low dose group) of
00 mg (high gosc group) or placcho three times a day after cach meal for 2 weeks. In the treatment
period, subjects received Pirfenidone at a dose of 400 myg (low dose group) or 600 mg (high dose
group) or placebo three times a day after cach meal for 48 weeks. 11 an adverse eveit developed
during the treatment period. appropriate dose reduction or interruption was allowed. Since the results
of the Phase 11 study suggested that the lowest baseline Sp0Q); affected the primary endpoint, subjects

were stratified according to the level of the Towest basetine SpO; (<88% and 289%).

The safety analysis set consisted of all the 271 treated subjects {109 given high doses, 53 given
low doses. and 107 given placebo). The FAS for efficacy evaluation consisted of 267 subjects
(108 given high doses, 55 given low doses, and 104 given placebo) excluding 4 subjects who
failed to produce efficacy data due to AE-associated early discontinuation of the study
medication. The PPS consisted of 234 subjects (86 given high doses. 47 given low doses. and
101 given placebo) excluding one incligible subject, 13 subjects who discontinued the study
before Week 27. 11 subjects who dropped out or was lost to follow-up before Week 27. 3
subjects who violated the protocol in terms of handling, and § subjects who failed to comply
with the protocol in terms of handling.

At the initiation of the study. the lowest SpO; during exercise was used as the primary endpoint
and progression-free survival and VC as key secondary endpoints. However. afier reviewing
blinded data from 208 subjects who were already scheduled to be ifcluded in the population for
analysis with the aim of evaluating the impact of subjects who disconiinued the study on
efficacy assessment, the Data and Safery Monitoring Board concluded that VO was more
appropriate as the primary endpoint than the lowest Sp0y Following this conclusion. the
protocol was revised so that VC was the primary endpoint and the lowest SpO; was a key
secondary eindpoint [see “Qutline of the review by PMDA™,

The primary endpoint. mean changes in VC from baseline (adjusted by using the baseline VC as
a covariate) at Week 52 (or at the final observation) in the FAS™ is presented in the table below.
Comparison between the high dose and placebo groups, conducted as the primary analysis,"”
revealed a significant difference between the two treatment groups. Likewise, comparison
between the low dose and placebo groups, conducted as a secondary analysis, showed a
significant difference between the two treatment groups.™

7 Patients who are 20 or mere years old but vounger than 73 vears, disgnosed as having idiopathic pulmonary
tibrosis based on the Clinical Diagnostic Criteria for Idiopathic Interstitial Pncumonia (draft of the fourth edition) by
the MHLW vesearch group for ditfse Tung diseases. amd in whom a difference between Sp0)s at rest snd SpOs during
exercise in a 6-minute treadmill watk testis 23% and the lowest SpO, during exercise is >85%.

* Subjects for whom relevant data at Week 4 and thereafter were inavailable mwing to the discontinvation of the
study drug belore Week 4 were excluded from the analysis of intergroup differences of the primary and sceondary
endpoints,

" In this study. eflicacy evaluation by comparing high doses of Pirfenidone and placebo was regarded as the primary
analysis. and the évaluation of low doses was considered to be a sceandary analysis to evaluate benefits and risks at
reduced doses. Multiplicity was therefore not considered in comparison between the high dose and placebo groups
ad between other group combinations.

2 On determining the necessary sumple size based on the resulis of the Phase 1 stody. the applicant considered the
difficultics in recruiting a sufficient number of patients beesuse this study targeted an oephan disease. and the
statistical significance for eflicacy was set at twossided 0.1,
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Table. Comparison of changes in VC (1)

Adjnsted mean
v standied crror

Intergroup ditlerence +
stnifiird errar (90%%
confidence merval [CI])

P value”

Hhigh doge tn = 104y

ALY 002

07003 10014013)

(1042

Low dose ia = 3d)

SALOR 0003

D092 004 0124 16)

0.039

Placebo (n = 103)

-0 162 042

(N of subjects)

arAmatysis of cosarianee wath the baseline value 25w covanmie

A secondary endpoint, mean changes from baseline in the lowest SpO, during exercise at Week
52 (or at the final observation) adjusted by using the lowest baseline SpO; during exercise as a
covariate in the FAS is presented in the table below. There is no significant difterence among
reatment groups and the mean change in the high dose group was smaller than that v the
placebo group.

Table. Comparison of changes in the lowest SpO; (%)

Adjusted mean Intergroup ditference * P valuc®
+ stnadard crror sandaid error (% Cly
High dose (n = 94 -1, 70 £ 0.35% B 176G S0 98 (0063 0,739
bans dose fn = 333 08 48 BOY 059 1029 10 1 67§ (1.249
Plagebo tn = 100 -1 334033 - -

{No. of subgects}
@) Aaalysis of covarrance with the bascline value as i covarinte

When cumulative progression-free rates were estimated by the Kaplan-Meier method (figure
below) and the distribution of progression-free survival’' in the FAS was compared among
treatment groups. a significant inhibition of disease progression was observed in the high dose
group over the placebo group (7 = 0.028, log vank test). There was also a significant difference
between the low dose and placebo groups (7 = 0.066, log rank test)™. while no significant,
difference was noted between the high and tow dose groups. (P = 0.911, log rank test),

.

Progression-free survival

Tregunem
duration P “

Figure. Distribution of progression-free survival by the Kaplan-Meier method

AEs (excluding abnormal laboratory values) compiled using the MedDRA/I terminology
oceurred in 100.0% (109 of 109) of subjects given high doses. 98.2% (54 of 55) of those given
tow doses, and 98.1% (105 of 107) of those given placebo. Death was reported in 3 subjects

* Progression is defined us death or 2 Z10% decrease in VC,
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given high doses (idiopathic pulmonary fibrosis {2 subjects] and respiratory failure [1 subject]).
4 subjeets given low doses (idiopathic pulmonary fibrosis [2 subjects]. pneumonia bacterial |1
subject], and pncumonia [1 subject]), and 4 subjects given placcho (idiopathic pulmonary
librosis [3 subjects] and completed suicide {| subject]). Of these, 2 deaths in the high dose
group (idiopathic pulmonary fibrosis [2 subjects]) and 2 deaths in the placebo group (idiopathic
pulmonary fibrosis [1 subject] and completed suicide [1 subject]) were considered to be related
to the study drug. Other SAEs were 28 SAEs (pneumonia [6 events). idiopathic pulmonary
fibrosis [4 events], pyrexia [3 events], pneumothorax |2 events), acute bronchitis [2 events]. and
other SAEs [I each]) in 23 subjects wiven high doses, Il SAFEs (pncumonia [3 events),
prneumonia bacterial [2 events]. and other SAEs | cach]) in & subjects given low doses; and 31
SALs (pneumothorax [5 events), respiratory tract infection {4 events], pneumonia [3 cvents].
idiopathic. pulmonary librosis |2 events), acute bronchitis [2 events), and other SAEs [1 cach])
in 20 subjects given placebo. Of these, 9 SAEs (idiopathic pulmonary fibrosis [3 events),
pyrexia [3 events], myalpia [1 event), gastric cancer {1 event]. and lung neoplasm malignant [1
events]) in the high dose group. | SAE (lung neoplasm malignant) in the low dose group, and 4
SAEs (idiopathic pulmonary fibrosis {1 event], fung neoplasm malignant {1 event]. squamous
cell carcinoma of lung [1 event], and cercbral thrombosis [1 event]) in the placebo group were
considered to be related 10 the study drug. and these SAEs except small cell carcinoma of the
lung. gastric cancer, and lung neoplasm malignant in | subject each resolved or improved. AEs
resulting in the discontinuation of the study medication were 20 AFEs (idiopathic pulmonary
fibrosis [4 events], photosensitivity reaction [3 events|. pyrexia {2 events]. respiratory failure [2
events]. and other AEs [1 cach]) in the high dose group, 13 AEs (idiopathic pulmonary fibrosis
[2 events], photosensitivity reaction [2 cvents], and other AEs [1 each]) in the low dose group.
and 13 AL (idiopathic pulmonary fibrosis [4 events) and other AEs [1 each]) in the placebo
aroup.

Abnormal laboratory values were reported in 62.4% (68 of 109) of subjects given high doses.
65.5% (36 of 537 of subjects given low doses, and 63.6% (68 of 107) of subjects given placebo.
Three scrious abnormal laboratory values (AST increased. ALT increased, and GGTP increased
[1 event cach]) were observed in one subject given high doses and a causal relationship with the
study drug could not be ruled out. Abnormal laboratory values resulting in the discominuation
of the study medication included 2 abmormal laboratory values (AST increased and ALT
increascd {1 cvent each]) in the high dose group. | abnormal laboratory value (ALT increased)
in the low dose group, and 1 abnormal laboratory value (MPO-ANCA increased) in the placebo
group.

Adverse drug reactions (excluding abnormal laboratory values) were reported in 88.1% (960f
109) of subjects given high doses. 78.2% (43 of 55) of subjects given low doses, and 68,2% (73
ol 107) of subjects given placebo. ADRs associated with abnormal laboratory values occurred in
42.2% (46 of 109) of subjects given high doses. 36.4% (20 of 55) of subjects given low doses,
and 20.6% (22 of 107) of subjects given placeho. Common ADRs associated with abnormal
laboratory values are presenied in the table below.
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Table: Commonadverse drug reactions in Study 3
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On the basis..of the above, the apphcam made the following claims: The findings that
Pirfenidone reduced the deteriorationjof VG fevels and prolong gd progression-free survival
suggest that Pirfenidonc has the abilitv 1o mh’ bit the progression of idiopathic pulmonary
fibrosis and that if any ADR. de ’eloﬁs. appropnatc measures such as dose reduction and
interruption can be taken to allows the com:mmunn of treatiment. Pirfenidone has thus been

demonstrated to be useful,

4.(11).B Outline of the review b;j’PMDA

4.(ii).B.(1) Reasons for and the af rl,.stenchss -of the alteration of the primary endpoint
in the Phase N1 study : = /
PMDA asked the applicant to give ihe reasons for altering the primary endpoint during the
conduct of the Phase 11T study in-chronological detail because the alteration of the primary
endpoint conld have a significant nnmft on thc interpretation of the study results.

The applicant responded as follows: .

® When the Phase Il study was: conducted, efficacy parameters for idiopathic pulmonary
fibrosis had riot been establishéd =T he 'mphcmu therefore selected the lowest SpO; during
exercise as the prmmn endpoint; bcause. this parameter seemed to most accurately reflect
dyspnoea, a major cause of QOL dumora(non and also to be sensitive in responding {o
disease progression.

® Since the Phase 11 study shcw;d i
lowest SpO, during exercise was;
study. However, in consideration of:
established parameter, the applic mt <Llcucd VC and pm;rcssmu frce suqui as key
secondary endpoints to support:th result ofthe primary endpoint,

® While the Phase U1 study was in p uress a vqhdatmn <1ud) was also under way to cvaluate
the lowest SpO- during exercise ma~
Health and Labour Sciences Reéseé

*’1!)1«: r *ult &ugustmg tln, etfi icacy ofPurIcmdnnc the

il Gr’mts ('1 clinical smdy of an mnovauve therapy for
idiopathic interstitial preumonia However, the validation study was not progressing
smoothly and was unlikely to px'o, idéstudy.results before the Phase TH study was completed.

® In an in-holse review of the mtenm dafa pooled from the Phase III study. the following
concerns were raised: a. Numcrou % subjecls dmcontmu«.d the study, which may affect the
assessment of the study drug. b.. Allhouah prom‘umon—ﬂ term used in progression-frec
survival—is defined as a >10% de‘ “ease in VC, some subjects showed a tcmporarv >10%
decrease in VC followed hy rew\'e
declines, it would never recaver:
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review comimitiee discussed these concerns and concluded that a third-party organization
(Data and Safety Monitoring Board) should review in a blinded manner the data for 208
subjects. who were already scheduled to be included in the population for analysis, to
evaluate (he appropriatencss of the analysis methodology (handling of missing data,
definition of progression-free survival, and correlativity of changes in the lowest SpO, and
those in VC).

® The Data and Safety Monitoring Bourd conducted a blinded review and recommended that
the primary endpoint should be changed to VO and the secondary endpoints should be
changed to the lowest SpO; during exercise and progression-free survival,

® Alter in-house discussion on the recommendations made by the committee, the applicant
concluded that, based on the considerations listed below, it was appropriate to accept the
recommendation to alter the primary endpoint from the lowest SpO: during exercise to VC:
a. Since the validation study of the lowest SpO, during exercise in the treadmill walk test
was not yer completed. its appropriateness as an endpoint was not fully verified. b. Clinical
studies ol idiopathic pulmonary fibrosis conducted outside of Japan reported that changes in
forced vital capacity (FVC) over 6 or 12 months predicted prognosis (Latsi Pl et al. A4m J
Respir Crit Care Med. 2003:168:531-7, Collard HR, ctal. Am J Respir Crir Care Med, 2003:
168:538-42, Flaherty KR, et al. 4w J Respir Crit Care Med. 2003.168:543-8), and that a
decrease in FVC by >10% was an effective index for evaluating exacerbation of the
condition (King TE, et al.. Chest. 2005:127:171-7). Also. VC or FVC is increasingly being
used as the primary endpoint in clinical studies becavse they are casy-to-measurc parameters
with good reproducibility (Ranghu G, et al. N Engl J Med, 2004:350:125-33, Demedts M. et
al. N Eng J Med. 2005:353:2229-42), ¢. - Inc. emaployed %4FVC as the primary endpoint
inn the Phase 11 study of Pirfenidone in Europe and the U.S. that was initiated in 20J and the
primary endpoint was accepted by refevant regulatory authorities. d. Tn the Japanese Phase
I study, VC was being measured every 4 weeks and thus the efficacy assessment seemed
less likely 10 be aftected by study discontinuation cases. compared to the lowest SpO- during
exercise. which was mcasured only cvery 12 weeks. ¢, The unexpectedly large fAuctuations
between cach time point in the lowest SpO; values observed in the Japanese Phase 111 study
might compromise the reliability of the measurement results. and changes in the lowest §pO;
were unlikely to be assessed correctly in 49 of 252 subjects who failed to complete a 6-
minute walk test because SpO; reached the cut-off value (82%).

Recognizing the recent trend that %FVC has been becoming the mainstream as the primary
endpoint in clinical studies of idiopathic pulmonary fibrosis conducted outside of Japan, PMDA
asked the applicant 10 explain the appropriateness of selecting VC as the primary endpoint in
view of refationships between the characteristics of idiopathic pulmonary fibrosis and changes
in V(.

The applicant responded that it was reasonably appropriate to select VC as the primary endpoint
because decreased pulmonary capacity is characteristic of idiopathic pulmonary fibrosis after
consideration of the following points: Fibrosing of pulmonary interstitial tissues. characteristic
of idiopathic pulmonary fibrosis, is thought to increase the elastic contractility of the lungs
thereby decreasing the lung volume, pulmonary capacity, and pulmonary compliance and
increasing the forced expiratory volume in | second percent (FEV 1%) (Mishima M. Japanese
Journal of Thoracic Diseases. 2003:62:855-60). and in the Amierican Thoracic Society and the
European Respiratory Society (ATS/ERS) International Consensus Statement, abnormal
pulmonary functions such as restrictive ventilator defect (decreased VC often accompanied by
an increase in the FEV/FVC ratio) and pulmonary gas exchange impairment (increased AaDO;
or decreased DLco) were described as major diagnostic criteria for idiopathic. pulmonary
fibtosis (American Thoracic Society. Am, J. Respir. Crit. Care Med. 2000;161:646-64). The
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applicant further presented the following reasons for changing the primary endpoint from the
fowest SpOs during exercise to actual values of VC. which had originally been selected as a
secondary endpoint, and newly adding a %VC-related parameter to correspond 1o %FVC, the
primary endpoint used in clinical studics of Pirfenidone conducted outside of Japan: FVC was
not selected as an endpoint in the Japanese Phase 1T study: and VC and FVC. both of which
serve as indices of pulmonary capacity, are considered to have an equivalent clinical relevance
in diseases associated with restrictive ventilation disorders such as idiopathic pulmanary fibrosis
although, in the presence of obstructive ventilator defect. the two parameters produce largely
different results from each other due to the occurrence of air trapping (Kanai 1. Kanai s Manual
of Clinical Lahoratory Medicine, 1983:29:972-1045).

Understanding that the applicant could not help but select a rather explorative parameter as the
primary endpoint in the circumstances in which no established parameters cxisted for the
assessment of idiopathic pulmonary fibrosis at initiation of the Japanese Phase 11 study, PMDA
finds 1t acceptable lo alier the primary endpoint pertaining to Pirfenidone, considering the
current global trend in drug efficacy studies of this disease and the fact that VC had originally
been selected as a key secondary endpoint in parallel to SpO,. PMDA also checked the
blindness of the study data reviewed by the Data and Safety Monitoring Board and the
independence of the committee by reviewing the written procedures and minutes provided by
the applicant and concluded that there was no particular concern,

4.(ii).B.(2) Efficacy
Based on the abservation in the Phase 11 study that the numerical difference in VC changes was
only 70 mL between the high dose and placebo groups and that ihe VC changes and
progression-free survival (a parameter related to VC) were the only parameters that suggested
efficacy. and that no other parameters showed significant changes in synchrony with the VC
changes, PMDA asked the applicant to give their
view oh how they could claim clinical relevance
based on thoseresults.

1 degree
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With respect 1o the discussion of the clinical
relevance of Pirfenidone, the applicant presented the
following findings reported in  aforementioned
papers: “the risk of death in subjects in whom FVC -
declined by >10% at 6 and 12 months was 2.06 times
and 1.70 times. respectively. higher than that in
subjects with unchanged FVC™ (Flaherty. et al.}, “the Figare. Clianges in coughing over time
risk of death in subjects in whom FVC declined by
>10% during follow-up subsequently rose to be 2.4
times higher than that in subjects in whom FVC
renained unchanged or increased™ (King. et al.), and
“changes in FVC at 6 and 12 months serve as
prognostic factors™ (Collard, et al). Collard et al.
also proposed a formula® for determining a hazard
ratio from an observed percentage change. created by T
fitting a Cox proportional hazard model. The Weeks
applicant further stated: When the formula proposed ~ "*"®"¥% = ot e

by Collard et al. was employed in determining hazard  Figure. Changes s Hugh-Jones class ficononover time
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change is a hazard ratio per 6-month unit percentage change {1%) of 0.934 (hazard ratio at a percentape change of
-10% is 1.979),
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ratios from VC changes (-3.753% for the high dose
group, -6.67% for the placebo groupy at 12 months in '
the Phase HT study, the hazard ratios for the two
freatment groups were 1.292 and 1.577. respectively.
The S-year survival rates vcorresponding to those
hazard ratios were 34.1% and 26.9%. respectively,
showing a difference of 7.2% between the groups.
Likewise. VO changes (-2.08% for the high dose " ek
group, -4.17% for the placebo group) at 6 Momths e goup R
produced a difference of 3.3% in the 3-year survival

rate between the high dose and placebo groups.

Frawre Changes in Borg scale values over time

In addition, when the applicant ex post compared changes in parameters of clinical symptoms —
“degree of coughing.” “"Hugh-lones classification.” and “modified Borg scale”™ — at 52 weeks
from baseline (Hugh-Jones classification and modified Bory scale are mdme: for assessment of
breathlessnuss), no significant difference was detected in any parameter between the high dose
and placebo groups. However, when changes over time in individual parameters were analyzed,
as shown in the previous figure. changes observed in the Pirfenidone group were almost
consistently larger than those in the placebo group, though an intergroup difference for each
symptom was small. The applicant claimed that those findings also suggested the clinical
relevance of Pirfenidone.

Taking into the account the fact that a temporary decrease in VC by > 10% followed by recovery
was detected in some subjects during assessment of progression- free survival. PMDA requested
that the applicant explain the mlmbllnv of VC measurements in clinical studies of Pirfenidone
and also fo examine whether an cfficacy could be explained based on the progression-free
survival even when those subjecls were excluded from analysis and progression was defined as
death or two consecutive decreases in VO by 210%,

The applicant claimed that VC-related findings obtained from the clinical studies of Pirfenidonc
were worth consideration for the following reasons: a. Analysis of the presence or absence of
influencing factors at each time point of change in subjects showing large intraindividual VC
changes revealed a possibility of respiratory adverse events being involved in such changes in
some subjects but no other obvious influencing factors were identificd. b. Analysis by study site
showed no tendency of a disproportionate distribution of subjects with large intraindividual
changes among study sites, indicating that no particular problem existed in VC measurement in
the clinical studies of Pirfenidone. ¢. Although very few studies at present report VC changes
over time in subjects with idiopathic pulmonary fibrosis. in particular, VC changes measured
every month as in the clinical studies of Pirfenidone, the changes in %FVC observed every 3
months in placeho-treated subjeets in a clinical study of INF-y indicated that some subjects
showed improvement in the face of an worsening trend Qbsu\cd in the overall population
{Martinez Fi. et al. Ann Iuern Med. 2005:142:963-7). The applicant also claimed that the
results of the analysis of progression-free survival in this study was reliable for the following
reasons: When, 39 subjects (11 receiving high doses, § receiving low doses, and 20 receiving
placebo) in whom VC temporarily declined by 210% and then increased or recovered to a
decrease of <10% at the {inal asscssment or the discontinuation of the study were excluded from
the analysis of the 119 subjects showing exacerbation {40 receiving high doses, 21 receiving
low doses. and 58 receiving placebo) in the Phase Il study, a log rank fest comparing the
distribution of progression-free survival between the placebo and high dose groups and between
the placebo and low dose groups produced P values of 0.086 and 0.087, respectively. This led to
the conclusion that, as seen in the analysis results (P = 0.028 and P = 0.066. respectively) based



on the definition of progression, Pirfenidone significantly prolonged progression-free survival
compared to placebo. Additional analysis using death or two consecutive decreases in VO by
z10% as the definition of progression demonstrated that progression-free survival in the high
dose group was significantly longer than that in the placebo group (P = 0.059), although there
was no signilicant difference between the fow dose and placebo groups (2 = 0.103),

The Phase 1l study produced results for the lowest SpO-» during exercise suggesting the efficacy
of Pirfenidone. whereas the results for the Jowest SpO» during exercise in the Phase HI study
were not indicative of the efficacy of Pirfenidone and furthermore a trend to exacerbation was
observed in subjeets receiving high doscs of Pirfenidone compared to those receiving placebo.
PMDA asked the applicant to give their view on why the results of these two studies were
mconsistent with each other.

The applicant gave PMDA the following information:
In the Phase I study, “PaOs at rest 270 tor and SpO; during exercise <90% (within | month

prior to earollment)” was used as an inclusion criterion related to severity. In the Phase 111 study.

however, this criterion was replaced by “SpO, during exercise in a 6-minute treadmill walk tes
conducted at baseline meets both of the following two criteria: a. a difference between SpOs at
rest and the lowest SpO, during exercise 5% and b. the lowest SpO- during exercise >83%. In
addition, for the purpose of sceuring a sufficient number of patients completing the walk test,
the walking pace on the treadmill was also changed from 40 to 80 m/min {which was used in the
Phase [T study) to 30 to 80 nv/min for the Phase I study. These changes caused differences in
the distribution of the walking pace and the lowest bascline SpO. between studies. Regression
analysis was therefore performed on dala derived from each study to evaluate the effects of the
walking pace and lowest baseline Sp0O; on changes in the fowest $SpO,. The resuls suggested
that the Jowest baseline SpO; affeeted changes in the lowest SpO; in both studies and the
walking pace affected changes in the lowest SpO, only in the Phase 1] study, demonstrating a
different trend between the studies. The concurrent distribution of the walking pace and lowest
baseline SpO: in the Phase 111 study is presented in the table below. Contrary to the expectation
that the two parameters would correlate with cach other. some subjects had a lowest bascline

0L

Sp0; of 291% despite slow walking. whereas others had a lowest baseline Sp0. of <87%
despite fast walking. [n addition, analysis of the relationships between the lowest baseline SpO,
and changes in the lowest SpO; in the Phase 11l study produced seemingly conflicting results
such as a larger decrease in the fowest SpO; in subjects with a lowest baseline Sp0Os of 291%
and a smaller decrease in the lowest SpO; in subjects with a lowest bascline SpOs of <§7%.
These findings suggested the following: Since the walking pace was adjusted to be faster for
patients with a difference of <5% between the SpOs at rest and lowest SpO, and to be slower for
those with a lowest SpO; of <85% in order to micet the relevant inclusion criteria of the Phase
UL study. patients with a severe condition may have been regarded, based on the lowest SpO,
fevel, as having a mild condition, and patients with a mild condition may have been regarded as
having a severe condition. In particular. more patients with an apparently mild condition may
have been assigned to high doses of Picfenidone rather than to placebo and those patients
showed a large decreasc in the lowest SpO., resulting in a failure 1o demonstrate the efficacy of
Pirfenidone based on the changes in the lowest SpO-.
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Table. Concurrent distributions of the walking pace and fowest bascline SpO, in the Phase 11

stuely
theh dose Placehn
- 1 owest basehine Spt), Towest baseline Spl),
Watking =87 89T 287% 8%
pace <§7% <RP45 <81 S % Toinl <8§7% <8G%% <H 1% >0 % Ttal
Mmemin 7 L & 3 28 3 3 hy i 16
40 mAmin 3 3 4 2 16 1 8 <4 3 123
A0 m/many 2 3 3 3 i? ] [i] 7 2 114
G0 mimin 3 3 4 | 13 2 [3 7 4 1y
7t mimin [¢] 1 7 [ i5 2 2 3 [ 16
S0 m/nmn 2] 2 3 11 I8 2 2 7 8 19
Tol i7 27 33 i 107 13 29 36 26 104

The applicant provided PMDA with the following additional information:

The applicant, performed a simple regression analysis using the lowest $pO, as a response
variable and background factors and baseline factors as explanatory variables, thereby
extracting as influencing factors a history of smoking, the presence or absence of previous
treatments (corticosteroids), walking pace, lowest SpO,, VC. TLC. and %VC. Among those
factors, they selected %V, Towest SpQ,, walking pace. and the presence or absence of previous
treatments (corticosteraids) as variables and subsequently performed analysis of covariance
using as covariates all six influencing factors and the four factors sclected as variables.
respectively. In cither analysis of covariance. the inversion phenomenon observed between the
high dose and placebo groups in terms of changes in the lowest $pOs was dissolved (-1.56 for
the high dose group and -1.71 for the placebo group; -1.57 for the high dose groups and -1.65
for the placebo group, respectively).

In consideration of the fact that the numerical difference in the VC changes was marginal
between the Pirfenidone and placebo groups in the Phase 11 study, and because the applicant’s
interpretation of the difference in relationship to clinical relevance appears nothing but
speculation. PMDA does not think that those study results clearly indicate the clinical relevance
of Pirfenidone. However, idiopathic pulmonary fibrosis is an intractable disease with poor
prognosis associated with irreversible fibrosing of the lungs and there are no standard therapies
for this disease that have been proved to be effective in improving patient survival and guality
of life. In addition, the Japanese guidelines for the treatment of idiopathic pulmonary fibrosis
(Committee for Preparing Guidelines for the Diagnosis and Treatment of Diffuse Pulmonary

Diseases. the Japanese Respiratory Society, The Munual for the Diagnosis and Treaiment of

Idiopathic Pulmonary Fibrosis, 2004) define an achievable treatment target as “inhibiting
exacerbation of the condition even if improvement is not attained.” Under those circumstances,
and considering that the Phase I and 11 studies produced reproducible results showing an
inhibitory effect of Pirfenidone on VC exacerbation, which is characteristic of this disease.
together with the fact that clinical symploms also showed a similar trend. PMDA concludes that
the efficacy of Pirfenidone has a acceptable level of clinical relevance. However, since only a
limited number of patients were analyzed in the Japanese clinical studies, the efficacy of
Pirferiidone should be fusther investigated in post-marketing surveillance as well as in ongoing
clinical studies conducted outside of Japan.

4.(ii).B.(3) Dosage and administration

4.(#).B.(3).1) Rationale for dosage and administration

Since the proposed dosage and administration of Pirfenidone are not based on a dose-finding
study, PMDA asked the applicant to provide the rationale for the proposed dosage and
administration.

The applicant responded as follows:
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Since idiopathic pulmonary {ibrosis is an orphan disease, it would pot be feasible to conduct a
dose-finding study using multiple treatment groups with different dose levels. In this sitation.
the applicant sclected a daily dose of 18300 mg—a figure obtained by multiplying 30 mg/kp/day
by 60 kg (the assumed average body weighty—as a dosage to be verified in clinical studies
based on the following considerations: a. In a US Phase I multiple-dose study of Pirfenidone
(300 to 2400 mg/day: ascending 3-day multiple dosing at cach dosc level). the doses >1200
mg/day were associated with higher frequencics of adverse events and the doses > 1800 mg/day
were not tolerated by some subjects. b In a US open-label clinical study of Pirfenidone in
which a daily dose of 40 mg/ky was employed, 87% (47 of 54) of treated subjects experienced
adverse drug reactions. ¢ [n a Japancse clinical study (3.3.5-07). dose reduction from the
planned 40 mg/kg/day to 30 me/kg/day was necessary in some subjects. In addition. because a
daily dose of 1800 myg caused adverse events requiring dose reduction in some subjects in the
lapanese Phase H study, the applicant introduced an additional 1200 mgfday group to confirm
the cificacy and safety of Pirfenidone at a reduced dose in the Japanese Phase 11 study.

With respect to the proposed dosage and administration of Pirfenidone, it is planned that
Pirfenidone will be administered in a dose titration manner over 4 weeks, starting at a dose of
600 mg/day. then at 1200 mg/day. ultimately increasing to 1800 mg/day, 1o reduce the incidence
of gastrointestinal disorders in the early dosing period. PMDA asked the applicant w give the
rationale for the appropriatencss of this regimen including the dose titration period.

The applicant responded as tollows:

In the Phase T study in which the dose ttration period was 7 days, it was not possible to
increase the dose to 1800 mg/day in 10 of 75 subjects due to adverse events. mainly
gastrointestinal disorders. A review of the cumulative frequencies of gastrointestinal disorders
revealed that these AEs primarily developed early in the dosing period. This finding made the
applicant aware of the need to extend the dose titration period and it was decided to use a 4-
week dose fitration period in the Phase T study. The proportion of gastrointestinal disorders
occurring i the dose titration period versus the total incidence of gastrointestinal disorders
decreased from 41.0% (64 of 136) in the Phasc 11 study to 19.6% (30 of 153) in the Phase (11
study, and the proportion of subjects who discontinued the study drug due to gastrointestinal
disorders also decreased from 7.1% (7 of 99) in the Phase I study to 1.8% (2 of 109) in the
Phase 111 study. These findings indicated that 4 weeks was appropriate as the dose titration
period.

Although not agreeing that the dosage and administration of Pirfenidone was fully studied,
PMDA understands that it is difficult to give in-depth consideration to the dosage and
administration based on clinical study results in idiopathic pulmonary fibrosis which is an
orphan discase. and considers that the proposed dosage and administration poses no particular
problems on the basis of the clinical study results obtained. However, in light of the fact that the
tolerability of Pitfenidone has rarely been evaluated at a dose of 21800 mg/day in Japan and that
the ongoing clinical study conducted outside of Japan is verifying the suitability of a high dose
of 2403 mg/day, a higher dose might be more appropriate as the clinical dose of Pirfenidone.
PMDA therefore thinks that the future results of the clinical study conducted outside of Japan
should be thoroughly analyzed and the appropriateness of the dosage and administration of
Pirfenidone should be further verified.

4.(ii).B.(3).2) Dose reduction

PMDA asked the applicant to provide information as to whether subjects who experienced AEs
recovered or improved after dose reduction in the Phase 1] and I studies.
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The applicant responded as follows:

Thirty-three AEs resulted in Pirfenidone dose reduction in the Phase 11 study, and 22 and 6 AEs
resulted in the dose reduction in the 1800 mg/day and 1200 mg/day groups. respectively, in the
Phase I study. Aside from | death, the outcome of which could therctore not be determined all
other AEs recovered or improved. Furthermore, of the 119 AEs necessitating dose interruption
(60 AEs in the Pirfenidone group of the Phase 11 study and 50 AEs in the 1800 mg/day group
and 9 ALs in the 1200 mg/day group in the Phase 11 study) all recovered or the condition
improved except for 2 ALis that remained unchanged. Most of the AEs resulting i dose
reduction or interruption were photosensitivity and decreased appetite + anorexia.

A maintenance dosc of 1200 mg/day (target dose afler the recovery of AEs) is planned for
subjects requiring dose reduction or interruption due (o AEs. In view of the absence of a
difference in the frequencies of any AEs such as photosensitivity, gastrointestinal disorder, and
liver function test abnornial between the 1200 mg/day and 1800 mg/day groups in the Phase 11}
study. PMDA asked the applicant to explain the appropriateness of 1200 mg/day as a
maintenance dose for subjects requiring dose reduction or interruption due to AEs from the
perspective of safety,

The applicant responded as follows:

Although no major difference was found in the frequencies of AEs and ADRs between the 1200
mg/day and 1800 mg/day groups, when the frequencics of significant AEs (defined as events
necessitating dose reduction, interruption. or study discontinuation) were compared, subjects
given 1200 mg/day had fewer signiticant AEs (23.6%, 13 of 55 subjects) than those given 1800
mg/day (44.0%. 48 of 109 subjects). These findings suggested that doses of 1200 mg/day were
more likely to make continuation of dosing possible. even in patients requiring dose reduction
or interruption due to AEs. In addition, with respect to photosensitivity, a Pirfenidone-related
AL requiring special attention. subjects given 1200 mg/day tended to have milder events than
those given 1800 mg/day (in the 1200 mg/day group. mild, 80.0% [32 of 40)]. moderate, 20.0%
[8 of 40); in the 1800 mg/day group, mild, 71.4% [S0 of 70), moderate, 28.6% [20 of 70}).
Furthermore. of 39 subjects who reduced the dose or interrupted the drug in the 1800 me/day
group of the Phasc J11 study, 12 subjects (including one subject who developed 2 relevant AEs)
recovered or improved after the dose was reduced to 1200 mg/day. These subjects included 8
subjects with photosensitivity. 1 with nausea. 2 with decreased appetite + anorexia. | with
abdominal distension, and 1 with dizziness. These findings suggested the relevance of
employing a maintenance dose of 1200 mg/day. particularly in subjects requiring dose reduction
or interruption due to the occurrence of photosensitivity.

Considering that the expected therapeutic effect of Pirfenidone is to inhibit disease progression,
the maintenance of an effective dose level throughout the treatment period is essential. From
this perspective, PMDA understands the refevance of proposing as a guide a certain dose fevel
that reduces AEs and also guarantees the efficacy of Pirfenidone in patients who experience AEs
necessitating dose reduction or interruption. However, a dose of 1200 mg/day might not reduce
ALEs to a satisfactory level. PMDA therefore thinks that the safety and efficacy of the dose level
of 1200 mg/day shoutd be further evaluated and the appropriatencss of using this dose level as a
maintenanice dose in patients requiring dose reduction or interruption should be investigated in
post-marketing surveillance.

4.(ii).B.(4) Safety

In order to prevent photosensitivity, an adverse drug reaction characteristic of Pirfenidone
administration, subjects participating in the Phasc 11 study were instructed to avoid exposure 10
intense ultraviolet rays as much as possible by wearing long-sleeved clothes, a hat/cap and a
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sunscreen when they were outdoars, 1t is also planned that a cautionary statement to this effect
will be included in the package insert of Pirfenidone and other precautions will be taken in a
post-marketing setting. PMDA asked the applicant to provide information on patient Lc:mplmm.t
with this instruction in the Phase HI study and their view on whether this precaution is sutficient
to prevent photosensitivity,

The applicant responded as follows:

Since the occurrence of photosensitivity and its severity largely depends oo how long individual
subjects are outdoors, it was difficult to collect survey data on the subjects’ living environments.
In the Phase 11! study, the applicant not only provided subjects with Anterion X1 (a commercial
sunscreen) but also allowed them 1o usc other sunscreens. For this reason, an in-depth survey of
patient compliance with the instruction was not conducted in the Phase 1 study. However, from
a caleulation based on the amount of the sunscreen distributed to the study sites, cach subject
appeared 1o have used approximately 4.4 tubes of the sunscreen (subjects were to receive a new
tube of sunscreen in exchange for a used tube returncd to the investigator). suggesting, that
subjects generally complied with the instruction on the use of the provided sunscreens. When
the frequency of photosensitivity was compared between the Phase 11 study, in which sufficient
precautions were not taken against photosensitivity, and the Phase 11 study. the frequency of
phomsumnvm' in subjeets given 1800 myg of Pirfenidone was similar between the two studies
(49.3% [36 of 73 subjects] and 51.4% [56 of 109], respectively), whereas that in subjects given
placebo was higher in the Phase UI study (Phase I1; 0% [0 of 36), Phase 111; 22.4% [24 of 107]).
This finding suggested that in response to the warnings against photosensitivity in the Phase 111
study, investigators and patients may have been more aware of photosensitivity, thus resulting in
a higher reported frequency. This contention is supported by the increased frequency of mild
phumbcnsulmt\ in the Phase 111 study. The frequency of photosensitivity by severity in the
studies was as follows: mild. 48.0% (24 of 50 events) and moderate, 52.0% (26 of 50) in the
Phase 11 study: mild. 71.4% (50 of 70) and moderate, 28.6% (20 of 70) in the Phase I11 study.
Among subjects experiencing photosensitivity in the Phase 11 and HI studics, 10.9% (8§ of 73)
and 2.8% (3 of 109), respectively. discontinued the study drug. These findings indicated that the
Phase {1 study had fewer moderate events of photosensitivity and also fewer subjects who
discontinued the study drug. On the basis of these findings, although not completely preventing
photosensitivity. the current measures to avoid exposure to ultraviolet rays can reduce it to the
level observed in the Phase 11 swdy.

PMDA considers it extremely important that patients be well aware of the risks and benefits of
Pirfenidone and keep taking appropriate precautions against exposurc to ultraviolet rays for the
following reasons: a. In view of the facts that photosensitivity developed frequently in subjects
receiving Pirfenidone and that a nonclinical study showed that the photom\mtv—mducmsz
concentration of Pirfenidone was close to the photogenotoxicity-inducing concentration, there is
a possibility that exposure to sunlight will cause skin cancer. b. Dose reduction or interruption
due to the occurrence of photosensitivity may affect the therapeutic effect of Pirfenidone.
PMDA therefore considers it necessary to distribute casy-to-follow information materials
describing risks of photosensitivity associated with use of Pirfenidone and %pecnﬁc. precautions
agamst exposure to ultraviolet rays as well as to include a cautionary statement in the package
insert 5o that all patients receiving Pirfenidone will without fail take nccessary precautions. In
addition, since the results of the Phase 1Tl study suggested a possibility that the current
precautions against exposure to ultraviolet rays will not have a sufficient preventive effect, the
post-marketing surveillance should include a detailed survey of the occurrence of
photosensitivity, a consideration of the necessity of taking stricter precautions. and the
evaluation of the risk of skin cancer in long-term use in relation to the occurrence of
photosensitivity, its severity, and the time of onset,
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4.(ii).B.(S) The clinical positioning of Pirfenidone

Corticosteroids. immunosuppressants, and other drugs are currently used in the treatment of

idiopathic pulmonary fibrosis, PMDA asked the applicant to give their view on how Pirfenidone
is positioned in clinical usc in comparison with these drugs.

The applicant responded as follows:

The ATS/ERS International Consensus Statement tentatively recommended a combination of a
corticosteroid and an immunosuppressant as the drug therapy for idiopathic pulmonary fibrosis,
This recommended therapy is basically regarded as the standard treatment in Japan as well.
However, considering the possibilitics of these drugs inducing adverse drug reactions. a
cautious stance is taken in using them in patients with this discase and. in reality. a non-
treatment approach (with follow=up) is taken as an option for some patients. Since the study
population in the Phase U1 study consisted mainly of patents with relatively mild severity, and
who were under follow-up without any particular freatment before enrollment. the apphicant
believes, based on the results of the study, that Pirfenidone should first be used mainly in
treatment-naive patients. The applicant also predicts that if the use of Pirfenidone aggravates the
patient’s condition, Pirfenidone will be replaced by corticosteroids or immunosuppressants or
these drugs will be added to the treatment regimen.

Table. Disposition of the patients receiving corticosternids or other drugs concurrently in the
Phase T study

Predrentment { Catennry [igh dose Low dogse Placeba
No o subjects evaluaed 10X 33 104
Conticostcruids Nov 99 (9] 7y 49 (R9 1) U8 194.2)
) T Yes (8.3 XALIAD] G 3.8
Drugs other than No 86 (79.61 42{76.4) 831798y
confeosteroids® Yes 23420.4) 1312361 20420 2y

N, oFsubjects (%4), "earbovysteme, danitdeamyem, cte.
Although combination therapics using Pirfenidone and corticosteroids and/or immunosuppressants
have not been studied in a clinical setting, the applicant considers that Pirfenidone can be
concurrently used with these drugs for the following reasons: a. Nonclinical studies
demonstrated that Pirfenidone has a weak immunosuppressive effect. b. Pirfenidone has only a

weak capacity 1o induce/inhibit hepatic drug metabolizing enzymes and the metabolism of

Pirfenidone involves multiple drug mctabolizing enzymes. This suggests that Pirfenidone is
unlikely to cause pharmacokinetic interactions with other drugs. ¢. The results of the Phase {11
study in terms of adverse events suggested that Pirfenidone is unlikely to increase the risk for
immunocompromised conditions. d. The occurrence of photosensitivity associated with
corticosteroids’ or immunosuppressants has not been reported to date. The vse of these drugs
with Pirfenidone is therefore unlikely to exacerbate photosensitivity, an AE specific to
Pirfenidone.

PMDA thinks that the position of Pirfenidone in the pharmaceutical treatment of idiopathic
pulmonary fibrosis should be further elucidated in relation to changes in VC levels and
prognosis. The clinical studies of Pirfenidone were all conducted mainly in treatment-naive
patients with relatively mild severity. However, given the present situation in which there is no
established standard therapy for idiopathic pulmonary fibrosis, Pirfenidone is likely 1o be used
in a wider range of patients including those with severe conditions once it becomes
commercially available. For this reason. the effects of various factors such as severity, age.
complications, and concomitant drugs on the efficacy and safety of Pirfenidone should also be
evaluated in post-marketing surveillance.
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1. Results of the Compliance Review Concerning the Documents Appended to the New
Drug Application and the Conclusion of PMDA

. PMDA’s conclusion on the results of document compliance review

In the document compliance review conducted in accordance with the provisions of the
Pharmaceutical Aflairs Law for the documents ;ippunded to a new drug application, PMDA
found no particular concerns and concluded that there should be no problem with conducting
the regutatory review based on the application dossier submitted.

2. PMDA’s conclusion on the results of the GCP an-site inspection

The GCP on-site inspection conducted in accordance with the provisions of the Pharmaceutical
Affairs Law for the documents appended to a new drug application (5.3.3-05. 3.3.5-02, and
3.3.3-03) revealed the following problems at some sty sites: inappropriste management of the
institutional review board (IRB) such as a failure to consult the IRB on whether the study
should be continued or not in relation 1o reports notified by the sponsor on unexpected serious
adverse drug reactions etc.; deviations from the protocol (e.g.. a failure 1o conduct a patient
examination upon study discontinuation); and a failure to keep source documents (some consent
forms). However, PMDA found no major concerns and concluded that there should be no
problem with conducting the regulatory review based on the application dossier submiited,

IV, Overall Conclusion
PMDA has concluded that the data and information submitted demonstrate a certain degree of
efficacy of Pirfenidone for use in the treatment of idiopathic pulmonury fibrosis.

With respect 1o safety, photosensitivity frequently occurred, which suggests that Pirfenidone has
a photocarcinggenic potential. However, in tight of the present situation for the treatment of
idiopathic pulmonary fibrosis, PMDA has concluded that Pirfenidone may be approved.
provided that no particular problems are identified. taking into consideration expert advisors’
opinions, after the applicant takes such measures s a. having patients fully understand the risks
and benefits of Mirfenidone before starting the treatment, b, closely investigating the incidence
of skin cancer in the post-marketing surveillance. and ¢. carefully following ap patients treated
with Pirfenidone and further investigating the safety in clinical use after the product laanch
because adverse drug reactions including gastrointestinal disorders and liver function test
abnormal were observed.
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Review Report (2)
Auagust 20, 2008

Based on the:Expert Discussion. the Pharmaceuticals and Medical Devices Agency (PMDA)
additionally reviewed the following points and took the necessary measurcs. The expert
advisors atiending the Expert Discussion have stated that, with respect to the relationship with
the praduct submitted for registration, none of them falls under the category stipulated in
Section I or 2 (1) of “Regarding immediate measures against the problem of conflict of interests
involving an outside expert for PMIDA™ (dated May 8, 2007).

1. Fosuring the appropriate use of Pirfenidone

Based on the matiers discussed in the Expert Discussion, PMDA recommended that, to ensure
that Pirfenidone will be used appropriately, the applicant prepare guidelines for the appropriate
use of Pirfenidone describing how to diagnose idiopathic pulmonary fibrosis, cautions against
photosensitivity and other adverse drug reactions, how 10 prevent and treat these reactions, and
the necessity of obtaining informed consent. PMDA also asked the applicant to provide
physicians with information on the diagnostic criteria employed in the Phase [ study until the
guidelines are completed. The applicant respanded that they would prepare the guidelines as
soon as possible in cooperation with the academic societies concerned, and would include the
diagnostic criteria employed in the Phase 11 study in the section on clinical studies in the
package insert.

PMDA further recommended that the applicant include in the WARNING section in the package
insert a statethent to the effect that Pirfenidone should be used under the supervision of a
physicizan who is well versed in the treatment of idiopathic pulmanary fibrosis.. becavse the
differential diagnosis of idiopathic pulmonary fibrosis from idiopathic interstitial preismonia or
other similar discases is essential for Pirfenidone 1o be used apprapriately. Tn addition, since
Pirfenidone tested positive for photogenotoxicity, PMDA recommended that the applicant
include in the WARNING section of a statement to the effect that the possibility of light
exposure causing skin cancer should be adequately explained to, and fully understood by, the
patient before starting the treatment, and also include in the Other Precautions section a
statement 1o the elfect that Pirfenidone’s phototoxic (photosensitivity) concentration in plasma
and the photogenotoxic concentration are close to each other. The applicant accepted these
recommendations. '

2. Repeated-dose phototoxicity study

The applicant conducted an additional repeated-dose phototoxicity study in hairless mice 1o
evaluate the systemic effect of phototoxicity and the ontcomes for the skin symptoms. The study
results submitted are summarized as follows:

Pirfenidone was administered to hairless mice by gavage at a dose of O or 500 mg/kg/day for |
month, Immediately after each gavage. the animals were irradiated with UV (5 Mem?).
Treatment with. Pirfenidone followed by UV irradiation induced skin phototoxicity. However,
treatment for | month did not exacerbate the skin response (erythema) observed. Histopathology
of the skin showed some histological changes, including epithelial hyperplasia in the shoulder
skin and auricles and single-cell necrosis, but these find ings recovered to a satisfactory level in
the I-month recovery period. No abnormalities were found in blood chemistry or the
histopathology of the internal organs and tissues, demonstrating that the skin phototoxicity had
na systemic effect under the conditions of this study.
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Based on the study results that repeated doses of Pirfenidone and repeated LIV irradiations were
not associated with the exacerbation of the skin lesions or any svstemic effect, PMDA found no
particular concerns about the effect of the repeated onset of phutotoxicity on the skin or the
adverse systemic effect of the phototoxicity-inducing substance.

3. Comparison with the results of clinieal studies conducted outside of Japan

Since only a limited number of paticnts were cvalvated in the Japanese clinical studies, PMDA
requested that, when the results of the clinical study being conducted by . which s
undertaking the clinical development of Pirfenidone outside of Japan, become available. the
applicant compare the results with those obtained from Japanese studies, further evaluate the
efficacy and safety of Pirfenidone and the appropriatencss of the dosage in detail. and report the
results of their review to PMDA as soon as possible.

The applicant responded that they would obtain the results of clinical studies condueted outside
of Japan with the consent of - which is undertaking the clinical development of
Pirfenidone outside of Japan, and report the detailed results of a comparative review of the study
results from Japan and those from outside of Japan.

4. Post-marketing surveillauce, ete.

Because the sample sizes employed in the clinical studies were small. photosensitivity oceurred
frequently, and light exposurc may cause skin cancer. PMDA requested the applicant to plan
such post-marketing surveillance as necessary to allow further evaluation of the safety and
cfficacy of Pirfenidone including safety and efficacy after {ong-term use.

The applicant responded that the post-marketing surveillance is scheduled to cover all patients
treated with Pirfenidone. They further provided additional information on the surveillance as
follows: a. The target number of patients will be approximately 1000. b. Whether appropriate
patients have been selected or not will be checked based on the fourth revision of the clinical
diagnostic criteria for idiopathic pulmonary fibrosis prepared by the MHLW research group for
diffuse lung diseases. c. Patients will be followed up for I vear. except those receiving
continued doses of Pirfenidone who will be followed up for a further year, to investigate the
incidences of adverse events (c.g., photosensitiviry., gastrointestinal disorder. and liver function
test abnormal) in clinical wse. d. For patients developing skin cancer, the relationships between
the presence or absence of photosensitivity, the severity of photosensitivity, and the time of
onset will be evaluated. e. Appropriate efficacy parameters will also be sclected for the
surveillance.

PMDA considers that the applicant should conduct the surveillance as soon as possible and
provide the clinical communities with newly obtained information without delay.

With respect to the dosage and administration, since patient age was not sufficiently evaluated
in the clinical studies, the reference to age has been deleted from the description of appropriate
dose increase/reduction.

On the basis of the above review, PMDA has concluded that Pirfenidone may be approved for
marketing. provided that the dosage and administration is described as shown below, PMDA has
also concluded that the re-examination period is 10 years, the drug substance and the drug
product are designated as powerful drugs, and the drug product is not classificd as a biological
product or specified biological product.
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[Dosage snd administration]

The usual initial dosage for an adolt is an oral dose of 200 mg of Pirfenidone administered three
times daily (600 mg/day) alter a mea), which is increased in increments of 200 mg up to 600 mg
(1800 mg/day) while observing the patient’s condition. The dose may be inereased or decreased
according 1o the symptoms observed.
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(Appendix})
The summary of the submitted data and the outline of the review by PMDA regarding the drug
master file (DMF) for Glaspia 200 mg Tablet (DMF No. 220MF10130)

|Brand name] Pirfenidone
[Non-proprietary name] Pirfenidone

[Name of submitter] Signa S A.de. C.V.
IDMF No.| 220MF10130

Summary of the submitted data pertaining to the driug substance
The manufacturing process for the drug substunce consists of Step 1 {
Step 2 ), and Step 3 ¢ J, and

and are used as the starting materials.
Step | is regarded as the critical process step, for which control items and control values are sct
for |

Outline of the review by PMDA

With regard 10 the manufacturing process for the drug substance and the fact that only Step 1
is going to be registered as the reaction step, PMDA asked the DMF

holder to explain whether or not it can be ensured that the quality of the drug substance is

controlled adeguately.

The DMF holder explained its view that the quality of the drug substance can be controlled on
the grounds that (1) the starting wmaterial. I ., and

—. and that the starting materials for the production of Pirfenidone are -
manufactured in-house by Signa S.A. de. C.V. or by * and (2} that

the following aceeptance testing specifications are set 1o ensure the quality control of the drug
substance: physical description. identification. purity (JI -%: B . oss on
drying, and assay.

PMDA asked the DMF holder to sel the specifications for the reference materials used in the
manufacture of the drug substance. The DMF holder comphied with PMDA's request.

PMDA accepted these responses, and concluded that the quality control for the drug substance
manufacturing process is adequate.

PMDA notes With concern that during the review process there were often times when the
manufacturer on the DMF holder's side, the overseas registration representative, and the local
administrative agent (“in-country caretaker™) were not operating in close cooperation. In
relation to this matter, some improvements, including replacement of the local administrative
agent were made; however. because the lack of cooperation can result in potentially serious
consequences in the case of problems, for example. quality control-related issues on the drug
substance maniifacturer’s side. PMDA urged the local administrative agent to have a better
understanding of the importance of creating a cooperative working refationship.
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’ IN.THE UNITED STATES PATENT
AND TRADEMARK OFFICE

Applicants: R. Radhakrishnan et al. )
)

Serial No.: 12/426,182 )
)

Filed: April 17, 2009 )
)

Title:  Capsule Formulation of )
Pirfenidone and . )
Pharmaceutically Acceptable )
Excipients )

)

Group Art Unit: 4305 )
)

)

)

)

Examiner: Humera N. Sheikh

Attorney Docket No.: 30481/300058

DECLARATION OF RAMACHANDRAN RADHAKRISHNAN, PH.D
PURSUANT TO 37 C.F.R. § 1.132

Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

Dear Sir:

1, Ramachandran Radhakrishinan, .hereby declare that:

1. | am a named inventor of the ‘above-captioned pending patent application. | have reviewed
the application, and am famiifiar with the subject matter disclosed therein.

2. My educational and employmefjt experiences are set forth in attached Appendix “A” of the
December 16, 2009, Declaréﬂio’h. Based on these experiences, | am qualified to provide the
comments set forth herein regarding the subject matter of the pending application.

3. | submit this Declaration to clarifythe data reported in the pending application with respect to
a capsule without excipients._1 also submit this Declaration to provide an explanation of how
pharmacokinetic properties ‘of the inventive capsule can be compared to pharmacokinetic
properties of a capsule contai,hing'pirfenidone without excipients, and to describe the

unexpected benefit of the inveniive capsule.

4, As described in detail below; the capsule of the invention demonstrates unexpected,
beneficial pharmacokinetic properties as compared to a capsule containing pirfenidone
without excipients. At the time of the invention, ane would have expected a patient's AUC
(area under the concentration-time curve) from dosing with a capsule having excipients to be
the same as a capsule having no excipients. Instead, a capsule according to the invention

surprisingly results in a higher AUC compared to a capsule without excipients. Furthermore,
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the extent of the increase in AUC is also surprising. Specifically, the AUC for the inventive
capsule is at least 60% greater than the AUC for a capsule without excipients, when the
results of the studies are compared on an equivalent basis (normalized to a 400 mg dose
given in a fasted state).

As previously described in my December 16, 2009, Declaration, it is my understanding that
the studies reported in the pending application, the results of which are described in Figure 5
of the application, were performed using a single dose of 801 mg pirfenidone (as three 267mg
capsules), according to the composition described in Figure 6 of the application.

As also previously described in my December 16, 2008, Declaration, ancther pharmacokinetic
study was performed on the claimed capsule. The capsule formulation used in this additional
study was [dentical to the formulation described in the pending application (see description in
Figure 6 of the pending application), and the pharmacokinetic properties were also measured
after administration of a single 801 mg dose of pirfenidone (as three 267mg capsules) to
healthy ddlilts in a fed state. The results of this additional study are reported in Table 1

below.

The unexpected, beneficial results described herein are supported by both the study reported
in the application as filed, and the additional pharmacokinetic study described in paragraph 6
and Table 1 herein. The results of the two studies are consistent with each other.

The pending application at paragraphs 37 and 41 describes the results of a pharmacokinetic
study pefformed on the capsule containing pirfenidone without excipients (hereinafter “the
Schmidt capsule”). The study was performed by Affiliated Medical Research, Inc., Princeton,
New Jersey (“AMR"}and is referenced in the pending application as the “Schmidt 1974
study. The AMR report was cited as document C4 in the AESD and accompanying IDS. A
review of the AMR report describing the Schmidt 1974 study clarifies that paragraph 41
describes the data reported in the AMR report. Paragraph 37 describes an independent
analysis of the data reported in the Schmidt 1974 study.

Table 1 below provides a comparison of the pharmacokinetic properties of the claimed
capsule and the Schmidt capsule. As noted above, the pharmacokinetic data of the claimed
capsule were normalized based on dosage amount and fed/fasted state for comparison to the
Schmidt capsule. Comparison of the pharmacokinetic properties of the claimed capsule and
the pharmacokinetic properties of the Schmidt capsule illustrates the unexpected, beneficial
results achieved provided by the claimed capsule.
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Table 1: Comparison of Pharmacokinetic Properties of the Claimed Capsule and the Capsule

10.

11.

12.

13.

without Excipients.

AUC (pg/mL - hr)

reported

normalized’

Increase in average
AUC over Schmidt
capsule

Ciaimed Capsule — Group
| (data reported in Figure

5)

62.4+ 254"

36.66

+76%

Claimed Capsule — Group
Il {(data reported in Figure

59.3 + 22.8*

34.84

+68%

5)

pharmacokinetic study -

Claimed Capsule (data
resulting from the
additional 58.6 £ 20.7* 34.43 +66%

801 mg dose)

excipients (Schmidt 1974 | 20.8 + 10.0*

Capsule without

study)

* AUC 0-72 hours

** AUC 0-6 hours
The capsule of the invention demonstrates unexpected, beneficial pharmacokinetic properties
as compared to the Schmidt capsule. Specifically, the inventive capsule unexpectedly
demonstrates an increase in AUC. In addition, the amount of the increase is also surprising.

As shown in Table 1, the claimed capsule demonstrates a greater than 60% increase in AUC.

To compare results of the studies on the inventive capsule and the Schmidt capsule, the
reported results were normalized to a common dosage amount, 400 mg, and to fasted state
equivalent conditions.

AUC for the claimed capsule increases proportionally with an increase in the amount of
pirfenidone administered in the pharmacokinetic testing, in the range of about 400mg to about
800mg which is pertinent for the present comparison. Based on that relationship, the
comparison of pharmacokinetic data described herein is based on normalization of the
claimed capsule data to a 400 mg dosage (the dosage of the Schmidt capsule).

AUC of the claimed capsule will also differ depending on whether pirfenidone is administered
under fasting or fed conditions. [t has been observed that at a dose in the range of about
400mg to about 800mg, AUC for the claimed capsule in the fed state is about 85% of the
AUC in the fasted state. The study involving the Schmidt capsule was performed under
fasting conditions. To account for the difference in AUC which resulted from fed conditions
used for the studies involving the claimed capsule, the results were normalized to fasted state
conditions using the 85% conversion factor.

! The AUC values were normalized to 400mg dosage and fasted state equivalents. See paragraph 12
(describing normalization for dosage amount) and paragraph 13 (describing normalization to fasted
conditions).
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14,

15.

16.

Dated:

AUC reported for the Schmidt capsule is over the period 0 to 6 hours from dosing (AUCq.g).
while the AUC data reported for the claimed capsule is 0 to 72 hours {AUCq.7;). In view of the
short (approximately 2-3 hours) half-life of pirfenidone, the additional amount of area under
the concentration-time curve over the time period from 6 hours to 72 hours would be
negligible. Accordingly, AUCq.s and AUCq.7, are equivalent for purpases of the present
comparison.

The Schmidt 1974 study was conducted on a single dose of four 100 mg capsules (400 mg),
while the pharmacokinetic studies of the claimed capsules were conducted on a single dose
of three 267 mg capsules (801 mg). AUC is not substantially affected by the different number
of capsules used in the dose of the claimed capsule and the dose the Schmidt capstile.
Accordingly, the results can be compared without correcting for the number of dosage forms
used in each study.

All statements made herein are of my own knowledge are true and that all statements made
on information and belief are believed to be true, and further that these statements were
made with the knowledge that willful false statements and the like so made are punishable by
fine or imprisonment or both under 18 U.S.C. § 1001 and may jeopardize the validity of the
application or any patent which may issue thereon.

Respectfully submitted,

~

O5 Mevile 2606 By: IQ,N_CL%,W A/ﬁ,a,e, (o f e

Signature

™

Ramachandran Radhakrishnan
Printed Name
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Clarke, Modet & C°

COLOMBIA

COLOMBIA

Carrera 11 N°® 86-53 Piso 6 Bogota Colombia Tel: (57 1) 6181088 -Fax: (57 1) 6350824-Email: info@clbarkemodet.com.co

PODER

Yo (nosotros), abajo firmante(s)

en mi (nuestro) caracter de representante(s) legales de

INTERMUNE, INC.

una sociedad organizada y existente de acuerdo con las leyes de

y en actual cumplimiento de su objeto social, con domicilio en 3280
Bayshore Boulevard, Brisbane, California 94005-1021, Estados
Unidos de América.

por el presente instrumento confiero (conferimos) poder especial a favor
de DILIA MARIA RODRIGUEZ D'ALEMAN, con Cédula de Ciudada-
nia No. 41.654.882 de'Bogotd, y tp. 20824 con domicilio en Bogota,
Colombia, para que actuando en su orden en nombre del (de la) otorgan-
te le (la) representen ante cualquier entidad, autoridad y/o persona,
especialmente ante las del orden Administrativo, Contencioso Adminis-
trativo, Judicial, Tribunales de Arbitramento y/o cualquier otro en lo
referente a los siguientes asuntos:

1) Solicitar, tramitar, obtener y/o registrar cualquiera de las modalidades
de Propiedad Industrial, tales como: patentes de invencién, modelos de
utilidad; disefios industriales, variedades vegetales; marcas, lemas,
nombres y ensefias comerciales y denominaciones de origen; asi como
sus renovaciones, prorrogas, transferencias, cambios de nombre y/o
domicilio, contratos y licencias.

2) Solicitar, tramitar, obtener y/o registrar derechos de autor, en cualquie-
ra de sus presentaciones asi como la proteccion de secretos industriales y
know-how. )

3) Solicitar, tramitar, obtener y/o registrar registros sanitarios, permisos
y/o licencias de funcionamiento; asi como sus renovaciones o prorrogas,
transferencias, cambios de nombre y/o domicilio, contratos y licencias.

4) Ejercer acciones de oposicion, observacién, reclamos, reconsideracion,
Teposicion, apelacién, cancelacién administrativa o judicial, nulidad,
proteccion al consumidor, concesion de licencias, proteccién de secretos
industriales y demas acciones y recursos relacionados con derechos
derivados de los asuntos arriba indicados y en contra de la competencia
desleal, acciones derivadas de la obtencién o explotacién de licencias,
acciones de indemnizacién de perjuicios. También podra(n) intervenir en
juicios civiles, comerciales, pénales, contencioso-administrativos; tutelas
y de policia; en acciones o juicios promovidos por €l (la) mandante o en
contra el (ella) .

5) Registrar nombres de dominio ante 1a entidad competente.

6) En el ejercicio de este mandato los mandatarios arriba mencionados
quedan facultados_para: conciliar, cancelar, transigir, comprometer en
arbitres, desistir, recibir y tomar posesién de la cosa objeto de litigio y
renunciar o desistir a derechos concedidos o en curso de concesion,
admitir los hechos del proceso.

7) Ratificar o no la agencia oficiosa.

8) Asi mismo faculto (facultamos) a los mencionados apoderados para
recibir notificaciones y designar apoderados judiciales o-extrajudiciales,
sustituir el presente poder y revocar las sustituciones que hicieren.

Dado y firmado en

alos dias de

POWER OF ATTORNEY

T (we), the undersigned

legal representative(s) of
INTERMUNE, INC

an organization existing under the laws of

and in present execution of its business activity, domiciled at 3280 Bayshore
Boulevard, Brisbane, California 94005-1021, United States of America.

do hereby grant POWER OF ATTORNEY to DILIA MARIA RODRIGUEZ
D'ALEMAN, identification card No. 41.654.882 of Bogota, and tp.- 20824
residing in Bogota Colombia, to act in the order of their appointment in behalf
of grantor before any entity, authority and/or natural or juridical person,
specially before those Administrative, Administrative-Contentious, Judicial,
arbitration courts, and/or any other, in all matters concerning the following:

1) To apply, process, obtain and/or register any of the modalities of Industrial
Property, such as: Patents of Invention, Utility Models, Designs, plant
varieties; Marks, Slogans, Trade Names and emblems and appellations of
Origin; as well as their renewals, assignments, changes of name and/or
domicile, agreements and licenses.

2) To apply, process, obtain and/or register copyrights of any kind as well as
protection of industrial secrets or know-how.

3) To apply, process, obtain and/or register sanitary registrations, operating
authorizations and/or licenses; as well as their renewals or assignments,
changes of name and/or domicile, agreements and licenses.

4) To bring actions of opposition, observations, claims, reconsideration,
appeal or legal remedies, cancellations, nullity, protection to the consumer,
granting of licenses, protection of trade secrets and other actions related with
rights derived from the above- mentioned matters and against the unfair
competition, actions resulting from the obtaining or exploitation of licenses,
recovering damages actions. They can also intervene or participate in Civil,
Commercial, Criminal or Contentious-Administrative Trials; the actions for
writ mandamus, police actions; in actions, lawsuits or litigations instituted by
the grantor or against him.

5) To register domain names before the competent entity.

6) To the effect of this mandate the above-named proxy are empowered to:
conciliate, cancel, settle, submit to arbitration, withdraw and to receive and
take possession of the litigation related objet and waive or renounce the rights
granted or in process of granting, admit the facisagfillly case.

7) To ratify or not the officious agency.
8) 1 (we) hereby appoint the afore mg
notifications and to designate jugf
this Power of Attorney and g,

gg¥foned attorneys with powers to receive
PP1al and extrajudicial attorneys, substitute
foke such sustitutions.

\L\Uk



CERTIFICADO NOTARIAL

(Cuando el solicitante es SOCIEDAD)

Alos dias del mes de de
, €l Notario que suscribe DA FE de que:

(nombre de la persona que firma el poder)

mayor de edad y domiciliado

firmé de su pufio

y letra €l documento que antecede.

2. Conoce al (a la) otorgante y que este (a) esta legalmente capacitado
para el otorgamiento. ’

3. El otorgante ha firmado el referido documento en su caracter
de

de la persona juridica INTERMUNE, INC

4. La citada persona juridica con. sede en 3280 Bayshore Boulevard,
Brisbane, California 94005-1021, Estados Unidos de América., esta
legalmente constituida, que tiene actualmente existencia’ legal y
que ¢l aclo para el cual seha otorgado este poder estd comprendido
entre los que constituyen su objeto social.

5. El otorgante tiene efectivamente la representacién que ostenta, que
esta es legitima y queestd facultado para otorgar este poder.

6. las anteriores certificaciones de los puntos 3, 4 y 5, me constan porque
he tenido a la vista los documentos auténticos.

Notario Pablico

NOTA: A continuacién de lo anterior, el Cénsul de Colombia debe
autenticar la finna del Notario Pablico. ’

CERTIFICADO NOTARIAL (Cuando el solicitante es
INDIVIDUO) ‘

Alos dias del mes de de
, €l Notario que suscribe DA FE de que: :

1.

{nombre de la persona que firma e} poder)

mayor de edad y domiciliado en

firmo en su presencia
el documento que antecede, conoce al otorgante y que este est4
legalmente capacitado para el otorgamiento.

Notario Piblico
NOTA: A coentinuacién de lo anterior, el Cénsul de Colombia debe
autenticar la firma del Notatio Pablico.

Para todos los demds paises el Sefior Cénsul de Colombia o ante
quien se otorgue, debe expedir una certificacién dejando constancia
1) de 1a existencia legal de la sociedad, 2) de que esta ejerce actual-
mente su objeto social, y 3) de que 1a persona o personas que otorgan
el poder estin facultadas para hacerlo, dejando

constancia asi mismo de que tuvo a la vista las pruebas que acrediten
tales circunstancias. ’ '

LEGALIZACION POR EL CONSUL DE COLOMBIA
O POR APOSTILLA

- APOSTILLE.

NOTARIAL CERTIFICATE
( When the applicant is a CORPORATION)

This day of
the undersigned Notary CERTIFIES that:

1. QDWTV\ Szl

(name of the person who signs the power of attorney)

of 1~ age and
in ca/(‘. L M-—m"
the foregoing document.

2. The grantor is to him personally known and that he/she has legal capacity to
execute the document.

3. Thegsgrantor has executed the firegoing document in his capacity

domiciled
set his hand on

of -
of the juridical person_ INTERMUNE, INC

4. The mentioned juridical person with place of business in 3280 Bayshore
Boulevard, Brisbane, California 94005-1021, United States of America., is
duly organized, has actual legal existence and that the purposes for which
the power of attorney is granted are within the scope of its corporate purposes.
5. The grantor has in f act the referred quality and that his/her
representation is legal and that he/she is empowered to grant this power
of attorney.

6. 1 have based the above certifications 3, 4 and 5, on the authentic documents
which for such purpose were exhibited to m

NOTA: Then the Colombian Consul muk
Public.

NOTARIAL CERTIFICATE ( When the applicant is an
INDIVIDUALS)

On this day of
the undersigned Notary CERTIFIES that:

1.

(name of the person who signs the Power of Attorney)

of legal age and domiciled at

signed in his presence the foregoing
document, the grantor is to him personally known and that he/she has legal
capacity to execute the document.

Notary Public
NOTA: Then the Colombian Consul must legalize the sig
Public.

ature of the Notary

For all other countries the Colombian 1 or before whe it is granted

2) that the corporate purposesa® :
the person or persons wh: bl

to do it. The Consul will g
circumstances were exhi

LEGALIZATION B3

~ C.TANG
Commission # 1849786
Notary Public - California
San Mateo County

My Comm. Expires May 17, 2013

\U\S



Traduccion oficial hecha por Jimena Escobar Uribe, traductora e intérprete oficial
segun resolucion No. 0369 de 1995 del Ministerio de Justicia, del documento
legalizado mediante la APOSTILLA No. 26033 de 14 de julio de 2011 expedida en
Estados Unidos de América correspondiente a un documento de poder otorgado

por la sociedad INTERMUNE, INC., con domicilio en Brisbane, California, Estados
Unidos de América.

Documento de poder: Firmado el 23 de mayo de 2011 en

Brisbane, California, Estados Unidos por firma ilegible, en
inglés con idéntico texto en espafiol diligenciado en la

columna izquierda del documento, por lo que no se hace

necesaria su traduccién.

Certificado notarial:

Este dia 28 de octubre de 2009, el suscrito notario CERTIFICA
que:

1. Robin Steele, mayor de edad y domiciliado en California,

Estados Unidos de América firmdé el documento anterior.

2. El otorgante es conocido personalmente por él1 y él/ella
tiene capacidad legal para ejecutar el documento.
3. El otorgante ha ejecutado el documento anterior en su

capacidad de Abogado General de la persona Jjuridica
INTERMUNE, INC.

(Nota del traductor: El resto del documento se encuentra con
idéntico texto en la parte izquierda del documento en idioma

espafol, razoén por la cual no se hace su traduccion).

Documento 1legalizado mediante firma vy
comisidén No. 1849786, notario publico de

de San Mateo, mi comisidén termina el 17 d4

* ok kok ko k ok ok k ok ok k ok ok ok

Traducfor ¢ Intérprete Oficial

)

l-cién No. 0369 Min. Justicia 19
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ESTADO DE CALIFORNIA
SECRETARIO DE ESTADO

Esta Apostilla unicamente certifica 1la autenticidad de 1la
firma y el titulo del oficial que ha firmado el documento
publico y, cuando sea apropiado, la identidad del sello o

estampilla que 1lleva el documento publico.

certifica

Esta Apostilla no

la autenticidad del documento para el cual fue

expedida. Esta Apostilla no es véalida para uso en ningun

lugar dentro de 1los FEstados Unidos, sus

posesiones.

territorios o

Para verificar la expedicién de esta Apostill

e

vaya a www.sos.ca.gov/business/notary/apostille-search/

APOSTILLA
(Convencidén de la Haya de 5 de octubre de 1961)

1. Pais: Estados Unidos de América

AN}

Este documento publico ha sido firmado por C. Tang

3. Actuando en su calidad de Notario Publico, Estado de
California

Estado de California

CERTIFICADO

En Sacramento, California

El 14 de julio de 2011

NO. 26033

5

6

7. Por Secretario de Estado Diputado, Estadcﬁ,h{
8

9. Sello/Estampilla: El gran sello del Estag

1

0. Firma: ilegible, Secretario de Estado

Por: firma ilegible

Sello de la Oficina del Secretario de Estado ,

URI|

S el

Traductor e Intérprete O

ficial

Resolucién No. 0369 Min. Justicia 1995
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FORMULACION DE CAPSULA DE PIRFENIDONA Y EXCIPIENTES

FARMACEUTICAMENTE ACEPTABLES

CAMPO DE LA INVENCION

Se provee una formulacién de wuna céapsula de
pirfenidona que incluye excipientes farmacéuticamente
aceptables. En una modalidad, esta formulacién de capsula
tiene la capacidad de sostener respuestas farmacocinéticas
deseables en un pacientg. Se proveen ademds, los métodos para
tratar las condiciones fibréticas y otros trastornos mediados
por citocina al administrar cédpsulas de pirfenidona en dicha

formulacidén en los pacientes que lo requieren.

ANTECEDENTES DE LA INVENCION

La presente invencidén se refiere en general a la
pirfenidona, una pedgeﬁa molécula de fé&rmaco cuyo nombre
gquimico es 5-metil-1-fenil=2-(1H)-piridona. Especificamente,
la presente invencién;se refiere a la formulacidédn de céapsula
de pirfenidona incluyeﬁdo los excipientes farmacéuticamente
aceptables. Més adelante se proveen métodos para utilizar
dicha formulacidén de ~cépsula para el tratamiento de
condiciones fibréticasv‘y otros trastornos mediados por
citocinas.

La pirfenidoﬁa es una molécula sintética no-péptica
con un peso molecular de 185.23 daltones. Sus elementos
gquimicos se expresan  como Ci1p2H1iNOs y su estructura es
conocida. Se ha trabajédqjen la sintesis de pirfenidona. La
pirfenidona ha sido fabricada y evaluada clinicamente como un
fadrmaco anti—fibrétiééi de amplio espectro. La pirfenidona

tiene propiedades anti-fibréticas por medio de: expresidn

o8
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TNF-a disminuida, expresién PDGF disminuida y expresidén de
colagenos disminuida. Varias Aplicaciones de Investigacién de
Farmacos Nuevas se encuentran actualmente en los archivos de
la Administracién de Alimentos y Farmacos de los Estados
Unidos. Las investigaciones Fase II en humanocs se realizan
actualmente o se han completado recientemente para la
fibrosis pulmonar, glomérulo esclerosis renal y la cirrosis
del higado. Se han realizado otros estudios Fase II que se
utilizaron para el tratamiento de la hipertrofia benigna de
préstata, 1la cicatrizacién hipertréfica. (queloides) y la
artritis reumatoide.

Se sabe que un uso importante de la pirfenidona es
proveer beneficios terapéﬁticos a pacientes que sufren de
condiciones de fibrosis tales como el Sindrome Hermansky-
Pudlak (HPS) que estd asociado con la fibrosis pulmonar y la
fibrosis pulmonar idiopatica (IPF). La pirfenidona demuestra
una habilidad farmacoldégica para prevenir o eliminar tejido
excesivo de cicatriz que se encuentra en la fibrosis asociada
con tejidos de heridas incluyendo aquellos de los pulmones,
piel, articulaciones, rifiones, glandulas de proéstata e
higado. Las investigaciones publicadas y no publicadas
basicas y clinicas sugieren que la pirfenidona puede
disminuir o inhibir sin peligro el crecimiento progresivo de
las lesiones fibréticas, eliminar -las lesiones fibréticas
existentes y prevenir 1la formacién de nuevas lesiones
fibréticas que aparecen en las heridas de tejido.

Se entiende que wun mecanismo en el cual la
pirfenidona ejerce sus efectos terapéuticos son las acciones
de modulacién de citociné. La pirfenidona es un inhibidor
potente de las citocinaéﬁfibrogénicas y el TNF-a. Estd bien

documentado que la pirfenidona inhibe la biosintesis excesiva



@

10

15

20

25

30

o libera varias citocinas fibrogénicas tales como TGF-BR1,
bFGF, PDGF y EGF. Zhang S. et al., Diario de Oftalmologia de
Australia y Nueva Inglaterra, 26, S74-S76, 1998. Informes
experimentales también muestran que la pirfenidona bloquea la
sintesis y liberacidén excesiva de cantidades de TNF desde los
macrofagos y otras células. Cain et al., Diario Internacional
de Inmunofarmacologia, 20:685-695 (1998).

Como un farmaco de investigacién, la pirfenidona se
provee en forma de tabletas y capsulas para administracién
oral. Se han probado y adoptadeo varias formulaciones en
pruebas clinicas asi como en otras investigaciones vy
experimentos. La efectividad de la formulacién se puede
determinar por una pluralidad de factores, incluyendo la
cantidad de pirfenidona que contiene, los tipos y cantidades
relativas de excipientes farmacéuticamente aceptados
utilizados, y el perfil del paciente objetivo (por ejemplo,
condiciones fisioldégicas y genéticas, prondstico de
enfermedad, y caracteristicas demogrédficas del paciente). Los
campios en estos factores causan cambios en la respuesta
farmacocinética (PK) del paciente. Por esto, existe una
necesidad en general de formulaciones farmacéuticamente
efectivas que provogquen respuestas farmacocinéticas
aceptables en los pacientes, lo que optimiza las acciones

terapéuticas de la pirfenidona.

SUMARIO DE LA INVENCION

Por lo tanto, el objetivo de esta invencidn es
proveer formulaciones farmacéuticas de pirfenidona con la
capacidad de accién terapéutica ventajosa. Es un propdsito
relacionado el proveer formulaciones farmacéuticas con la

capacidad de provocar y sostener las respuestas
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farmacocinéticas deseables en el paciente que lo requiere.
Otro propésito de esta invencién es proveer métodos para
tratamiento de condiciones fibréticas y otros trastornos
mediados por citocinas al utilizar dichas formulaciones.

De conformidad con esta invencidén, se provee, en
una modalidad, wuna cépsula que contiene una formulacién
farmacéutica de 5-metil-1-fenil-2-(1H)-piridona
(pirfenidona), qué incluye de un 5-30% de -excipientes
farmacéuticamenté)aceptables y 70-95% de pirfenidona en peso.

De confo}midad con otra modalidad, los excipientes
incluyen desinteéradores, rellenadores y lubricantes.
Ejemplos de desintegradores incluyen agar-agar, algenos,
carbonato de calcio, carbometilcelulosa, celulosa, arcillas,
diéxido coloide de silicédn, croscarmelosa de sodio,
crospovidona, gomas, silicato de aluminio de magnesio,
metilcelulosa, polacrilina de potasio, alginato de sodio,
hidroxipropilcelulosa de baja sustitucidn Y agentes
entrelazadores de polivinilpirrolidona hidroxipropilcelulosa,
glicolato de almidén de sodio, vy almiddén. Ejemplos de
aglutinantes celulosé microcristalina, hidroximetilcelulosa,
hidroxipropilceluloga y polivinilpirrolidona. Ejemplos de
rellenadores incluyen carbonato de calcio, fosfato de calcio,
fosfato de calcio dibasico, fosfato de calcic tribéasico,
carboximetilcelulosa de calcio, celulosa, derivados de
dextrina, dextrina, dextrosa, fructuosa, lactitol, lactosa,
carbonato de magnesio, 6xido de magnesio, maltitol,
maltodextrina, maltosa, sorbitol, almidén, sucrosa, .azucar y
xilitol. Ejemplos de’%gbricantes incluyen agar, estereato de
calcio, ©oleato de- éf@lo, laureato de etil, glicerina,
palmitoestereato de J;i;cerina, aceite vegetal hidrogenado,

6xido de magnesio, ~estereato de magnesio, manitol,
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poloxémero, glicoles, benzoato de sodio, sulfato de lauril
sbébdico, estearil sdédico, sorbitol, &cido estearico, talco, vy
estereato de zinc.

De conformidad con otra modalidad, de 2-10% en peso

de la capsula es desintegrador, 2-30% es aglutinante, 2-30

ove

es rellenador, y un 0.3-0.8% es lubricante. En otra
modalidad, de 2-10% en peso de la céapsula es desintegrador,
2-25% es aglutinante, 2-25% es rellenador, y un 0.3-0.8% es
lubricante. De conformidad con otra modalidad, los
exciplentes también incluyen povidona. En otra modalidad, de
1-4% en peso de la capsula es povidona. De conformidad con
otra modalidad la cépsula incluye 100-400 mg de pirfenidona.

De conformidad con esta invencidén, se provee, en
otra modalidad, un método para el tratamiento de la condicidn
fibrética. El1 método comprende administrar la capsula
anteriormente mencionada a un paciente que sufre de condicidn
fibrética. Los ejemplos de condiciones fibréticas incluyen
fibrosis pulmonar, fibrosis hepatica, fibrosis cardiaca,
queloide, fibrosis dérmica, restenosis coronaria, y
adherencias postoperatorias. Ejemplos de fibrosis pulmonar
incluyen fibrosis ©pulmonar idiopdtica 'y Sindromes de
Hermansky-Pudlak.

De conformidad con esta invencidén, se provee, en
otra modalidad, un método para inhibir 1las acciones de
citocinas en un paciente que sufre de un trastorno debido a
dichas citocinas. El método comprende administrar la capsula
anteriormente mencionada al paciente. Ejemplos de citocinas
incluyen TNF-a, TGF-R1l, bFGF, PDGF y EGF. Ejemplos de dicho
trastorno incluyen esclerosis multiple, artritis, asma,
rinitis crénica y edema. En otra modalidad, el método ademas

comprende administrar una o mas céapsulas al paciente una o

O\
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mas veces al dia, con una toma diaria total de piffenidona
mayor a 1200 mg. En varias modalidades se le administra al
paciente una o mas cépsulas dos o tres veces al dia.

De conformidad con esta invencidén, se provee en
otra modalidad, wuna capsula con una cantidad efectiva de
pirfenidona y excipientes farmacéuticamente aceptables.
Cuando se administra al ©paciente la cépsula tiene la
capacidad de sostener una respuesta farmacocinética
aceptable. La respuesta farmacocinética se caracteriza por un
incremento en el Tyax © los valores AUC que en la cépsula de
pirfenidona que no contiene los excipientes farmacéuticamente
aceptables. En varias modalidades, los métodos de tratamiento
para administrar dichas capsulas se proveen a pacientes con
condiciones fibrdéticas tales como la fibrosis pulmonar
idiopatica y Sindrome de Hermansky-Pudlak y trastornos
causados por citocinas tales como TNF-a, TGF-B1, bFGF, PDGF vy

EGF.

BREVE DESCRIPCION DE LAS FIGURAS

La Figura 1 muestra los cambios en las
concentraciones promedic de suero de pirfenidona y su &cido
5-carboxil metabdlico durante un tiempo en pacientes humanos
incluidos en uno de los estudios farmacocinéticos reportados:
Shinogoi Fase II.

La Figura 2 muestra los cambios en las
concentraciones de suero de pirfenidona con el paso del
tiempo en sujetos humanos después de una sola dosis de 400 mg
de pirfenidona administrados oralmente en capsulas sin
excipientes.

La Figura 3 muestra los cambios en las

concentraciones de suero de pirfenidona con el paso del
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tiempo en sujetos humanos después de una sola dosis de 200-
300 mg de pirfenidona administrados oralmente en cépsulas con
excipientes de conformidad <con la modalidad de esta

invenciédn.

DESCRIPCION DETALLADA DE LA INVENCION

La tablavg 1° es una tabla que muestra las
concentraciones cuantitativas de tabletas de pirfenidona
utilizadas en Shionogi Fase II.

La tabla 2 es una tabla que muestra los valores PK
en capsulas con‘excipientes de conformidad con una modalidad
de esta invencidén, comparados con los valores PK de cépsula
sin excipientes de uno de 1los estudios PK anteriormente
reportados.

La tablé 3 es una tabla qué muestra la formulacidn
de pirfenidona/ekcipiente contenida en capsulas utilizadas en
el estudio most;ado en la figura 3 y el estudio mostrado en
la tabla 5-c.

La tabia 4 es una tabla que lista los componentes
utilizados paré¢ preparar un lote representativo de
formulacidn de piifepidona/excipiente de la tabla 3.

Las tapiés 5-7 muestran la estabilidadl de 1la
formulacién de pi%fenidona/excipiente de la tabla 3 a 25°% vy
60% de humedad rélativa (Tabla 5), 35°C y 65% de humedad
relativa (Tabla 6) y 40°C y 75% de humedad relativa (Tabla
7).

La tabla 8 'y tabla 9 muestran una formulacidn
representativa adicional de pirfenidona/excipiente en
capsulas contempféﬁglen esta invencion.

A tra%é;; de toda esta invencién los términos
relevantes - se iq;ben entender consistentemente con los

significados tipicos establecidos en la técnica relevante,

. - %
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esto es, 1la técnica de la quimica farmacéutica, medicina,
biologia, genééica, biologia molecular, bioquimica,
fisiologia, gendmica, farmagendmica, bioinformétida, biologia
computacional y quimico-informética. Sin embargo, se proveen
aclaraciones y descripciones posteriores para ciertos
términos como se muestra a continuacién:

Los términos farmacéutico, productos farmacéuticos,
productos de farmacos, farmacos quimicas, compuestos de
farmacos, compuestbs y guimicos se utilizan indistintamente a
través de la invencién.

API, como se utiliza en la presente invencién, se
refiere a ingrédientes farmacéuticos activos. En varias
modalidades de esta invencidn, el API de formulacidén de 1la
cédpsula y la tableta es pirfenidona.

Los términos excipiente farmacéuticamente
aceptable, excipientes farmacéuticamente compatibles Y
excipientes se utilizan intercambiadamente en esta invencidn.
Estos se refieren a sustancias no API tales como
desintegradores, aglutinantes, rellenadores, y lubricantes
utilizados en productos de formulacién farmacéutica. Son
generalmente seguros para administrarse a los humanos de
conformidad con lo establecido en los estandares
gubernamentales, incluyendo aquellos promulgados por la
Administracién de Alimentos y Farmacos de los Estados Unidoes.

Los desintegradores, como se utilizan en la
presente invencién, se refieren a uno o mis agar-agar,
algenos, carbonééo de calcio, carboximetilcelulosa, celulosa,
arcilla, diéxidé‘ de silicén coloide, croscarmelosa sdédica,

o ®

crospovidona, ‘gbma, silicato de aluminio de magnesio,

metilcelulosa, polacrilina potasica, alginato de sodio,

hidroxipropilcelulosa de baja sustitucién, y agentes

& =
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entrelazadores de hfdroxipropilcelulosa polivinilpirrolidona,
glicolato sdédico dgfalmidén'y almidén.

Los aglutinantes/ como se utilizan en la presente
invencién, se refieren a una o mas celulosa microcristalina,
hidroximetilcelulosa, hidroxipropilcelulosa %
polivinilpirrolidona.

Los rellenadores, como se utilizan en la presente
invencién, se refieren a uno o mads carbonato de <calcio,
fosfato de calcio, fosfato de calcio dibésico, sulfato de
calcio tribésico, carboximetilcelulosa de calcio, celulocsa,
derivados de dextrina, dextrosa, fructuosa, lactitol,
lactosa, carbonatotde magnesio, 6xido de magnesio, maltitol,
maltodextrinas, maltosa, sorbitol, almiddédn, sucrosa, azlcar y
xilitol. |

Los lubricantes, como se utilizan en la presente
invencién, se refieren a uno o mas agar, estereato de calcio,
oleato de étilo, laureato de etilo, glicerina,
palmitoestereato . de glicerina, aceite vegetal hidrogenado,
6xido de magnesio, estereato de magnesio, manitol,
poloxdmero, glicoles, benzoato de sodio, sulfato lauril
sédico, estearil sédico, sorbitol, acido estedrico, talco y
estereato de zinc.

Las céapsulas, como se utilizan en la presente
invencién, se refieren’ a un recipiente, normalmente seguro
listo para disolverse que contiene ciertos productos
farmacéuticos. En una modalidad, la céapsula estd hecha de
gelatina. Otras matrices de sustancias adecuadas tales
quimicos to;éles _de polimeros sintéticos pueden ser
utilizadas»qué:éoﬂﬁgenen propiedades parecidas a la gelatina

y que se pUéd\ﬁ~ﬁtllizar en la fabricacién de céapsulas de
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pirfenidona de conformidad con las modalidades alternativas
de esta invenciédn.

AUC, como se utilizan en la presente invencidn, se
refiere al area debajo de la curva que representa los cambios
en las concentraciones de pirfenidona en la sangre con el
paso del tiempo.

Cuax, como se utilizan en la presente invencidn, se
refiere al mdximo valor de concentracién de sangre que se
muestra en la curva que representa los cambios en las
concentraciones de pirfenidona en la sangre con el paso del
tiempo.

Tvax , como se utilizan en la presente invenciédn, se
refiere al tiempo ma&ximo que le toma a la concentracidn de
pirfenidona en la sangre para alcanzar su maximo valor.

Ti1,2, como se utilizan en la presente invencidn, se
refiere al tiempo que le toma a la concentracién de
pirfenidona en la sangre para declinarse a una mitad de su
valor maximo.

En conjunto, AUC, Cwax Twax Y Ti2, son los parametros
farmacocinéticos principales que caracterizan las respuestas
farmacocinéticas de un producto de farmaco en particular tal

como la pirfenidona en un sujeto animal o humano.

Estudios farmacocinéticos reportados de la

pirfenidona

Se han reportado varios estudios farmacocinéticos
en sujetos humanos incluyendo uno en varones adultos
saludables {Schimdt RM, Ritter A vy Margolin S, 1974,
Biodisponibilidad de las Cépsulas de Pirfenidona después de
la Administracidn Oral (60-244-73, octubre 11, 1974,

Affiliated American Research Inc., Princeton, New Jersey, de

\9°
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en la presente invencién en adelante “Schmidt 1974”) y dos en
estudios en pacientes con fibrosis pulmonar (Nagai S, Hamada
K, Shigematsu M, Taniyama M, Yamauchi S e Izumi T, 2002,
Tratamiento de un afio de Uso Compasivo de Etiqueta Abierta
con Pirfenidona en Pacientes con Fibrosis Pulmonar Crénica,
Intern Med 41: 1118-1123, de en la presente invencién en
adelante "“Nagai 2002”; y Azuma A, Nukiwa T, Tsuboi E et al,
2005 Prueba Controlada con Doble-Ciego 'y Placebo de
Pirfenidona en Pacientes con Fibrosis Ideopatica Pulmonar, Am
J Respir Crit Care Med., de en la presente invencidén en
adeiante “Shionogi Fase II”).

Un estudio farmacocinético adicional se realizdé con
una dosis individual de 4 <cépsulas de 100 mg cada una
conteniendo 100% de pirfenidona. La pirfenidona fue
administrada oralmente en 10 adultos varones sanos en dosis
de 100, 200 y 400 mg. En el dia 2, una dosis individual de
100 mg fue administrada a cada sujeto. En el dia 3, una dosis
individual de 200 mg fue administrada a cada sujeto. En el
dia 5, una dosis individual de 400 mg fue administrada a cada
sujeto. Esta Ultima dosis individual fue analizada por la
farmacocinética. Se recolectaron muestras de plasma sanguineo
antes de administrar las dosis y 0.25, 2, 4 y 6 horas después
de la dosificacién. Las concentraciones de pirfenidona en el
plasma se determinaron por cromatografia de gas. Los valores
resultantes de los parédmetros de farmacocinética son: Cuaxx =
6.3 + 2.5 pg/mL, Twax = 0.9 * 0.3 hrs., AUCe. = 20.8 £ 10.0
ng/mL hr y T1= 2.2 £ 0.6 hrs.

Nagai 2002 incluyé 10 pacientes varones con
fibrosis pulmonar. Los sujetos fueron sometidos un
escalamiento de dosis empezando con una dosis inicial de 400

mg por varios dias a una dosis de mantenimiento de 40
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mg/kg/dia. Los an&lisis de farmacocinética se realizaron en
10 sujetos en el dia 1 cuando se les administrd la dosis de
400 mg. Las muestras de plasma se recolectaron en 0, 0.25, 1,
1.5, 2, 4, 6, 8 y 24 horés después de administrar la dosis.
Los valores farmacocinéticos fueron calculados. Cwmax = 3.0 a
7.2 pg/mL, y AUCy4n, fue de 16.9 a 66.4 pg/mL hr.

Shionogi Fase II incluybé muestreos en serie en un
subceonjunto de 15 pacienteé de una cohorte de pirfenidona (13
masculinos y 2 femeninos). En el dia 1 una dosis individual
de 200 mg se administrd ahcada uno de los 15 pacientes y las
muestras de suero se recolectaron antes de administrar la
dosis y a 0.5, 1, 2 y 3 horas después de la dosis. La Figura
1 muestra los <cambios en las concentraciones de suero
promedio de pirfenidona observadas y su metabolito de 5-acido
carboxilico con el paso del tiempo. Los valores de 1los
parametros farmacocinéticos se calcularon, mismos que fueron:
Cwax = 2.7 * 0.7 pg/mL, Twax = 1.8 * 1.1 hrs., AUCq = 7.3 =
1.6 pg/mL hr y Ty, = 3.5 £ 2.2 hrs.

Las formulaciones en estos estudios anteriores
reportados fueron difefentes. Schimdt 1974 utilizé una
cédpsula incluyendo 100% de pirfenidona. Nagai 2002 y Shionogi
Fase II utilizaron tabletas de pirfenidona que incluyd
ciertos excipientes farmacéuticamente aceptables. Por
ejemplo, el producto de farmaco utilizado en Shionogi Fase II
fue formulada como tabletas de 200 mg de pirfenidona
comprimidas con cubierta. Las tabletas de Shionogi Fase II
incluyeron excipientes farmacéuticamente aceptables. La Tabla
1 es una tabla que lista los ingredientes de las tabletas de
Shionogi Fase II y las cantidades de cada ingrediente. Como

se muestra la tableta nucleo fue de 285 mg, en la cual 200 mg

fue API. Varias cantidades de desintegradores, rellenadores,

S



aglutinantes, y lubricantes fueron incluidas. Con la adicién
de la capa, el peso total de la tableta Shionogi Fase II fue

de 296.4 mg.
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TABLA
Resistencia
Compuesto Funcién
Tabletas 200 mg
Adiciones intragranulares
Pirfenidona API 200.0
Lactosa Rellenador 56.0
Carmelosa de calcio Desintegrador 5.0
Hidroximetil celulosa Aglutinante 6.0
Adiciones extragranulares
Carmelosa de calcio Desintegrador 15.0
Estereato de magnesio Lubricante 3.0
Tableta de nucleo Total 285.0
Hidroxipropil celulosa Base de recubrimiento
Trietilen Citrato Plastificador 7.6
Didéxido de titanio Protector ligero 0.8
Total capa de recubrimiento 3.0
Total 296.4

Schimdt 1974
individual de

incluyeron en

examind® la farmacocinética de una dosis
pirfenidona.

este

estudio. 15

Diez

voluntarios

minutos

después

humanos

ingestién oral de 400 mg de pirfenidona, la concentracidn
promedio de suero de pirfenidona alcanzé 3.97 mg/mL. En una
hora, la concentracién promedio de suero alcanzdé 5.57 mg/mL y
a las seis horas 1.63 mg/mL. La Figura 2 es una grafica de
los niveles de pirfenidona con el paso del tiempo resumidos
en este estudio. Como se puede observar, el nivel maximo de
suero de pirfenidona se alcanzé entre una y tres horas. El

valor Ty, se calculd a 2.87 £ 0.22 hrs.

Formulacidén de cdpsula de pirfenidona con

excipientes
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Aquellas persogéé con habilidades en investigacién
y fabricacién farmacéﬁtiéa conocen, por lo general, que las
formulaciones de tabléﬁas permiten generosas adiciones de
ingredientes no API, incluyendo excipientes y sustancias para
capa, especialmente un alto porcentaje de rellenadores. Sin
embargo, la adicién de ingredientes no API puede limitar 1la
cantidad de API que tiene cada tableta. En contraste, las
formulaciones de cépsulas tienden a facilitar la inclusidén de
un alto porcentaje de API con pocos © ningin componente no
API. Las cépsulas pueden permitir la inclusién de cantidades
mayores de aglutinantes, en lugar de rellenadores como se
utiliza con mayor frecuencia en tabletas. Donde se desea un
alto porcentaje de API y los excipientes especificos se sabe
que son esenciales, las formulaciones de cépsulas se adoptan
frecuentemente.

Para estar seguros, ninguna formulacién de

pirfenidona fabricada .o reportada a la fecha contiene

excipientes. La presente invencidén provee una nueva
formulacidn de ‘cédpsula con ciertos excipientes
farmacéuticamente  aceptables. De conformidad con esta

modalidad, esta nueva formulacién de cépsula tiene la
capacidad de provocar respuestas farmacocinéticamente
ventajosas en sujetos humanos. En otra modalidad, esta nueva
formulacidén de cépsula facilita la disolucidén y mejora la
fluidez en el proceso de fabricacidén de cépsulas.

Esta formulacién de cédpsula incluye 100-400 mg de
pirfenidona. Se agregan uno o mas excipientes
farmacéuticamente aceptables en varias modalidades. Por
ejemplo, en una'modaiidad, 2-10% en peso de la cépsula es un
desintegrador. 2430% es aglutinante, 2-30% es rellenador vy

0.3-0.8 es lubricante. Como se describe al principio de la

\o\
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Descripcién Detalladé; se pueden incluir wuna multitud de
sustancias adecuadameﬁ?e como desintegradores, aglutinantes,
rellenadores y lubric;ntes. Un ejemplo es utilizar estereato
de magnesio como lubricante, la celulosa cristalina como
aglutinante y 1la croscarmelosa como desintegrador. En una
modalidad en particular, la formulacidén de la capsula también
incluye povidona. La povidona puede constituir el 1-4% del
peso de la capsula.

La cubierta de 1la cépsula puede fabricarse de
gelatina dura en una modalidad. La cubierta puede ser clara u
opaca, blanca o con color en varias modalidades. La céapsula
tamafio 1 es la modalidad preferida. Otros tamafios se pueden
adoptar en modalidades alternativas.

La fabricacién de cdpsula de pirfenidona se basa en
la formulacidén de cépsulas en varias modalidades que incluyen
una serie de pasos. Estos pasos son: preparar la granulacidn
de pirfenidona, secado de fluidos en lecho, molido, mezcla de
lubricacién, encapsﬁlado y empague en lote.

La preparacidén de la granulacidén de pirfenidona se
puede hacer en la siguiente secuencia. Primero, se mezcla la
povidona con agua y se disuelve utilizando una mezcladora
elevada. Segundo, la pirfenidona se muele con croscarmelosa y
celulosa microcristalina para romper cualquier terrdn.
Tercero, se agregan la pirfenidona molida, la croscarmelosa y
le celulosa cristalina en un granulador fino y se mezcla.
Cuarto, la povidoné y. la solucién de agua se agregan a la
mezcla. Quinto, la granulacién de pirfenidona se mezcla por
un periodo adicionaawdespués de que la povidona y la solucidn

de agua se han agregado por completo.

El procespnde secado de fluido en lecho se puede

o

realizar en un Lecho Secador de Fluidos con una temperatura

Lok
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interior de 60°%C. El proéeso de molido se puede realizar
utilizandec un moiino adecuado tal como el Quadro Comil®. E1
proceso de mezcla de lubricacién se puede realizar al agregar
una cantidad apropiada de <croscarmelosa y estereato de
magnesio. La grénulacién de pirfenidona se puede mezclar de
nuevo en este puﬁto. Luego, la granulacidén de pirfenidona es
encapsulada utilizando un encapsulador adecuado en dos
piezas, tamafio 1, cdpsulas de gelatina a un rendimiento para
una dosis deseada de pirfenidona de 100-400 mg. La dosis de
200-300 mg es el rendimiento en la modalidad preferida. Para
concluir el proceso de fabricacidén de céapsulas, las cépsulas
terminadas se pueden empacar en bolsas dobles de polietileno
aseguradas y alm;cenadas a temperatura ambiente controlada.
Aquellos con habilidades en la investigacién de féarmacos y la
fabricacién de férﬁacos apreciaradn que algunos de los pasos
anteriores se pueden modificar u omitir, y se pueden incluir
pasos adicionales,_sin alterar materialmente el resultado de
la fabricacién.

TABLA 2

Comparacién de parametros PK entre las tabletas Schmidt y las cipsulas con excipientes

Parametros PK Cépsulé Grupo I Capsula Grupo II Céapsula Schmidt 1974

Cnax (Hg/ml) ;.05 + 2.53 7.68 + 1,86 6.28 t 2.4;
Trax  (hX) 3.23 + 1.42 2,73 £ 1.17 0.85 £ 0.32

AUC (ug/ml hr) N » 62.4 .+ 25.4 59,3 t 22.8 20.8 £ 10.0
T2 (hr) . ¥3,00 £ 0.98 2.93 % 0.94 2.20 + 0.60

TABLA 3
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FORMULACION UTILIZADA EN HUMANOS Y IN VITRO

Mg/cépsula
Componente Calidad estandar Funcién
Capsula de 267 mg
Pirfenidona En casa Ingrediente activo 267
Croscarmelosa sédica NF, Ph Eur, JP - Desintegrante 26.5
Celulosa A i
. v . USPI Ph Eur, JP glutinante, 24.0
microcristalina rellenador
Povidona UsP, Ph Eur, JP Aglutinante 6.0
Estereato de NF, Ph Eur, JP Lubricante 1.5
magnesio
Solvente de
Agua ificada uUsp -
gua puri s . procesamiento
Capsula de gelatina IJSP, Ph Eur -- -
P t
eso ’otal por 325.0
capsula
TABLA 4

RESISTENCIA DE DOSIFICACION DE LA CAPSULA DE FORMULA-267 MG DEL LOTE REPRESENTATIVO DE 45 KG

Componente %(p/p) kg
Pirfenidona 82.15 36.97
Croscarmelosa sédica - 8.15 3.67
Celulosa microcristalina
{(Avicell PH 102) 7.39 3.32
Povidena (Valor nominal 1.85 0.83
K: 30

Estearato de magnesio 0.46 0.21
Agua purificada _'—— 20.40
Peso total (kg) o 100 45.00

En la tabla 3, se provee una composicidén ejemplar

de las céapsulas que contienen formulacién de
pirfenidona/excipiente que fue preparada vy probada. Se
prepard un lote representativo de formulacidén de

pirfenidona/excipiente utilizando métodos de formulacidén en
himedo para combinar los componentes listados en la tabla 4.

La tabla 3 muestra la formulacién de
pirfenidona/excipiente contenida en cédpsulas utilizadas en el
estudio mostrado en la figura 3 y el estudio mostrado en las
tablas 5-7.

Los estudios farmacocinéticos se realizaron en las
cédpsulas de pirfenidona en la presente invencién. Un primer
estudio mostrado en la figura 3 presenta cambios en la

concentraciédn de suero con el paso del tiempo en 4 grupos de

AR
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sujetos a quienes se les administré una dosis individual de
267 mg de formulacién de pirfenidona en capsulas de la tabla
3. Las cuatro lineas de esta grafica, A, B, C, y D,
representan cuatro diferentes grupos de sujetos: A, sujetos
en ayunas; B, sujetos en . ayunas con antidcido administrado;
C, sujetos alimentados; y D, sujetos alimentados y con
antidacido administrado.

En otro estudio farmacocinético, se incluyeron dos
grupos de sujetos humanos con dieta normal, cada uno con 13
sujetos. Un grupok(Grupo I) no recibidé antiacido, mientras
que el otro grupo (Grupo II) recibidé antiacido. La
formulacién de la cépsula de pirfenidona de la tabla 3 se
administrdé a cada sujeto. La Tabla 2 es una tabla que resume
los valores PK resultantes para ambos grupos (Grupos I y II
de cépsulas) comparados con los valores reportados en un
estudio farmacocinético adicional de solamente una capsula de
pirfenidona. Como ée muestra en la  tabla 2, Twax es
significativamente mé&s largo (un aumento incrementado al
doble en cada uno de los Grupos I y II) para estas cdapsulas
que contienen excipientes que el que fue reportade en un
estudio farmacocinético adicional de solamente una capsula de
pirfenidona. AUC también es significativamente méds alto para
estas capsulas que contienen excipiente que el que fue
reportado por un estudio farmacocinético adicional de
solamente una caééula de pirfenidona. Los valores AUC se
calcularon durant; un periodo de tiempo de cero al infinito.
Los valores de Cmm\y T1/, también son mayores o comparables
con aquellos rebortados en un estudio farmacocinético
adicional de solamenté una capsula de pirfenidona.

Estos ’vaiores PK resultantes, especialmente los

incrementados en Tupx Yy AUC, indican una fase de absorciédn

\&
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prolongada en las cépsulas de pirfenidona con excipientes de
conformidad con la presente invencién. En consecuencia, las
capsulas .son con 1la capacidad de sostener acciones
terapéuticas prolongadas en un paciente. Por lo tanto, en
comparacidén con las cédpsulas sin excipientes, como se
utilizaron en Schimdt 1974, 1la formulacidén de las céapsulas
sin excipientes, como se wutilizaron en Schimdt 1974, 1la
formulacidén de capsula con excipientes puede ser ventajosa
cuando se administran a un paciente que las reguiere, por 1lo
tanto provocando respuestas farmacocinéticas deseables en el
paciente. Mientras dichas respuestas PK deseables son
resultados sorprendentes, es concebible que los aglutinantes
tales como la celulosa microcristalina o la povidona,
interactuen favorablemente con el grupo de carbonil amida de
la pirfenidona formando un complejo fugaz que después se
puede desasociar, lo que resulta en un programa de estructura
lenta en la concentracidén de pirfenidona en el plasma, o una
disminucién o clarificacién lenta en la concentracién de
plasma.

Ademas de las ventajas terapéuticas de las
formulaciones de pirfenidona/excipiente que se proveen en la
presente invencidén, estas cépsulas y formulaciones también
muestran buena estabilidad bajo varias condiciones de
almacenamiento con el paso del tiempo. En algunas
modalidades, bajo ciertas condiciones de almacenamiento, las
capsulas y las formulaciones de ©pirfenidona/excipiente
provistas en la presente invencidén pueden permanecer estables
al menos 3 meses, 6 meses, 9 meses, 12 meses, 15-meses, 18
meses, 24 meses, 36 meses o 48 meses. Por ejemplo, bajo
condiciones de almacenamiento de 25°%C y 60% de humedad

relativa, las capsulas y las formulaciones de

\B‘o
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pirfenidona/excipiente gue se proveen en la presente
invencién pueden permanecer estables por al menos o
aproximadamente al menos 3 meses, 6 meses, 9 meses, 12 meses,
15 meses, 18 meses, 24 meses, 36 meses o 48 meses. En otro
ejemplo bajo condiciones de almacenamiento de 30°C y 65% de
humedad relativa, las cépsulas y las formulaciones de
pirfenidona/excipiente que se proveen en la presente
invencién pueden permanecer estables por al menos o©
aproximadamente al menos 3 meses, 6 meses, 9 meses, 12 meses,
15 meses, 18 meses, 24 meses, 36 meses o 48 meses. En otro
ejemplo bajo condiciones de almacenamiento de 40°C y 75% de
humedad relativa, las cépsulas y las formulaciones de
pirfenidona/excipiente que se proveen en la presente
invencién pueden permanecer estables por al menos o

aproximadamente al menos 3 meses, 6 meses, 9 meses o 12

meses.
TABLA 5
Condiciones de almacenamiento: 25°C/60% RH
Atributos Tiempo (meses)
0 1 2 3 6 9 12 18

Apariencia Cumple Cumple Cumple Cumple Cumple | Cumple Cumple | Cumple
Ensayo (%) 99.6 101.0 101.2 100.6 101.3 101.7 101.1 100.6
Disolucién % (RSD) 100(2.1) 101 (2.5)| 99(2.8) |101 (4.5)] 99(4,6)|101(1.2)|101(1.6)|101(1.7)
Impurezas (HPLC) % <0.05% <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Humedad % 0.96 0.86 1.0 1.2 1.4 1.2 1.4 1.7

"No se detectaron picos en el Limite de Deteccidn de 0.025 pg/mL

\oX
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TABLA 6

Condiciones de almacenamiento: 30°C/65% RH

Atributos Tiempo (meses)
0 1 2 3 6 9 12 18
Apariencia Cumple Cumple Cumple | Cumple Cumple | Cumple Cumple | Cumple
Ensayo (%) 99.6 101.3 100.6 100.4 101.3 101.6 101.3
Disolucién % (RSD) 100¢(2.1).| 95(4.2) | 99(1.3) | 101(3.8)|100(3.8)|100(2.1){101(2.3)
Impurezas (HPLC) % <0.05% | <0.05 <0.05 <0.05 | <0.05 <0.05 | <0.05
Humedad % 0.96 0.91 1.1 1.3 1.5 1.3 1.6

*No se detectaron picos en el Limite de Deteccién de 0.025 pg/mL

TABLA 7

Condiciones de almacenamiento: 40°C/75% RH

Atributos Tiempo (meses)
0o - 1 2 3 6 9 12 18
Apariencia : Cumple  [|. Cumple Cumple Cumple Cumple | Cumple Cumple { Cumple
Ensayo (%) 99.6 101.0 | 100.3 100.7 101.3 101.6 100.4 101.0
Disolucién % (RSD) 100(2.1) (101 (1.5)| 100(3.7)| 98(4.8) (100(3.8)|100(1.8)| 98(3.3)| 42(7.5)
Impurezas (HPLC) % <0.05% <0.05 <0.05 <0.05 <0.0S <0.05 | <0.05 <0.05
Humedad % 0.96 0.94 1.2 1.3 1.3 1.4 1.8 2.3

"No se detectaron picos en el Limite de Deteccién de 0.025 pg/mL

Las tablas 5-7 muestran la estabilidad de la
formulacién de pirfenidona/excipiente de la tabla 3 a 250C y
60% de humedad relativa (tabla 5), 350°C y 65% de humedad
relativa (tabla 5), 350°C y 65% de humedad relativa (tabla 6)
y 400C y 75% de humedad relativa (tabla 7).

En algunas modalidades, la estabilidad de las
cdpsulas y las formulaciones de pirfenidona/excipiente que se
proveen en la preéente invencién, se determinan al medir el
rango de disoluéién de las cépsulas y/o formulaciones de
pirfenidona/excipiente almacenados. Cualquiera de los métodos
de disolucidén que se proveen en la presente invencidn u otros
conocidos en la ﬁ%tnica se puede realizar para determinar la
estabilidad de las céapsulas y 1las formulaciones de
pirfenidona/excipiente. Las medidas de disolucidén son métodos
in Vitro conocidos en la técnica para ser representativos
para los valores, in vivo Ty y AUC de un sujeto cuando se
almacenan las@é*,cépsulas Y las formulaciones de
pirfenidona/excipiente, por ejemplo, bajo las condiciones que

se ejemplifican abajo para una cantidad de tiempo indicada.

\\&
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Tipicamente, un indicativo de nivel de disolucién de un nivel
aceptable de estabilidad es una disolucidén al menos o por lo
menos 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% o mas de la pirfenidona en las céapsulas gue se proveen en
la presente invencidn. Se pueden realizar cualquiera de la
variedad de métodos de disolucién que se proveen en la
presente invencién u otros conocidos en la técnica para
determinar la estabilidad de las cépsulas y las formulaciones
de pirfenidona/excipientes. Por ejemplo, la disolucidén se
puede determinar de conformidad con el método de farmacopea
para disolucidén especificado en USP29.

La estabilidad de las cédpsulas y las formulaciones
de pirfenidona/excipientes se demuestran en los resultados
presentados en la tablas 6-8. La formulacidén de céapsula de
pirfenidona de 267 mg de la tabla 3 fue almacenada por 18
meses bajo diferentes condiciones de almacenamiento: 25°C Yy
60% de humedad relativa, 30°C y 65% de humedad relativa y 40°C
y 75% de humedad relativa. La tablas 5-7 muestran que la
disolucién de la cépsula Y las formulaciones de
pirfenidona/excipientes a 25°C y 60% de humedad relativa, vy
30°% y 65% de humedad relativa no tuvo cambios apreciables
durante el periodo inicial de 12 meses. El1 analisis de
disolucidén se realizé de conformidad con el método de
disolucidén de la farmacopea especificada en USP29 utilizando
aparatos (paletas) con agua Como solvente y una
especificacién de Q=70% de la reivindicacidén de etiqueta en
30 minutos. También se muestra en las tablas 5-7, el nivel de
impurezas en cada formulacidén, como lo determina HPLC, que
fue de menos del 0.05% durante un periodo de 18 meses. Ademas
el contenido de humedad, como lo determina el método Kart

Fischer, todos los puntos de tiempo (40°C, 75% HR en 18

W
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meses) menos uno, permanecieron por debajo del 2%, y el

&
contenido de humedad de " todas las muestras permanecieron

menores al 2.5% durante el periodo de 18 meses. Finalmente,

el porcentaje de pirfenidona en cada muestra, como lo

determina HPLC, no mostrd degradacién apreciable durante el
periodo de 18 meses.

Ademas de la formulacidén provista en la presente
invencién en la tabla 3, se contemplaron formulaciones

adicionales en las Tabla 8 y Tabla 9.
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TABLA 8

Componentes del producto medicinal representativo y composicidén para la cipsula de dosis
& de 267 mg de dosis versién II

Componente Calidad estéandar Funcién Mg/capsula % (W/W)
Pirfenidona En casa® Ingrediente activo 227.5 70.0

NF, ‘Ph Eur, Jp Desintegrante 4.6 13.7

Celulosa microcristalina® USPI-Ph Eur, JP Aglutinante, rellenador 40.3 12.4
Povidona USP,"Ph Eur, JP Aglutinante 10.1 3.1
Estereato de magnesio NF, Ph Eur, JP Lubricante 2.5 0.8
Agua purificadac E usp Solvente de procesamiento - -

d . 1JSP, Ph Eur -- - --

Peso total por cépsula R 325.0 100

TABLA 9

Componentes representativos de productos medicinales y composicién para capsula de 267 mg de dosis
- versién III

Componente Calidad estandar Funcidén Mg/capsula

Pirfenidona i En casa® Ingrediente activo 308.8 95.0
croscarmelosa sédica NE;iPh Eur, JP Desintegrante 7.4 2.3
Celulosa microcristalina ® USPI Ph Eur, JP Aglutinante, rellenador 6.7 2.1
Povidona . usp, _Ph Eur, JP° Aglutinante 1.7 0.5
Estereato de magnesio NF, Ph Eur, JP Lubricante 0.4 0.1
Agua purificada © usp Solvente de procesamiento - -
Capsula de gelatina 4 1JsP, Ph Eur - -— -
Peso total por capsula ’ 325.0 100

Indicaciones terapéuticas

Una modalidad de esta invencidn provee métodos para
tratar condicionesﬁibféticas y otros trastornos provocados
por citosina. Estoé métodos comprenden administrar las
capsulas de pirfenidona que contienen excipientes de esta
invencién a un paciente que sufre de condiciones fibréticas o
un trastorno provocado por citosina. La dosis puede ser dos
veces al dia o tres &eces al dia, con una o mas capsulas por
toma. De conformidad;con una modalidad en particular, la toma
diaria total es al'fmen55- 1200 mg de pirfenidona. La toma
diaria puede variar; déﬁendiendo del perfil del paciente,
incluyendo, entre’  otras cosas, las caracteristicas
demograficas del * paciente, condiciones fisioldgicas Y
genéticas vy pronéstiéo de enfermedades. Por ejemplo, un nifio
o un adulto mayor seile puede administrar una cantidad diaria
menor que la que se le administra a un adulto ordinario.

La *actividgd antifibrética de 1la pirfenidona se

demuestra in vivo en modelos animales de fibrosis, asi como

en estudios de cultivo de células in Vitro con fibroblastos

A, S
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pulmonares de humanos o animales, fibroblastos epidérmicos vy
células parecidas a fibroblastos. Estos datos nos indican que
la pirfenidona puede se'ﬁn agente efectivo para prevenir vy
tratar adherencias postoperatorias, fibrosis del miocardio,
fibrosis renal, cirrosis del higado, atercesclerosis y otros
trastornos fibréticoé. Los cultivos de células in Vitro con
células humanas meséngquimas parecidas (incluyendo
fibroblastos de 1los pulmones, fibroblastos de la piel,
células estromales de prdstata y células renales mesangiales,
etc) han mostrado inhibicién farmacoldgica por pirfenidona de
proliferacién excesiva de células inducida por factores de
crecimiento de citosina (TFG-R1, bFGF, PDGFm y EGF). En un
medio de cultivo de células, concentraciones graduadas de
pirfenidona fueron efectivas en niveles caracterizada porgque
fueron menores de diez a veinte veces que aquellos que

ejercen cualquier efecto farmacoldégicamente téxico en las

células.

En el sitio de la lesién, de otra manera las
células residentes normales (por ejemplo, fibroblastos,
pericitos, células mesangiales, astrositos, microglios, vy

oligodentrocitos) fabrican y descargan altas concentraciones
de factores de crecimiento dentro de los espacios adyacentes
de tejido. Estas <fuentes residentes de altos niveles
patoldgicos de factores de <crecimiento son directamente
responsables de niveles excesivos persistentes de factores de
crecimiento. Ellos causan la formacidén excesiva y dafiina de
colagenos o matrices de amiloides asi como dafio a las células
adyacentes, la disfuncién de d6rganos asociada y con
frecuencia, malformacién dé,érganos.

TGF-Bl es un‘fpéptido potente de crecimiento

relacionado cuyos efectos .se  pueden observar en
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concentraciones fémtomolares. Aparece como ubicuo y es un
regulador bifuncional de proliferacién de células in Vitro.
Actia ya sea comd mitébgeno o inhibidor del crecimiento
dependiendo de la concentracién de tejido y el éstado de 1la
confluencia de células. (L.J. Striker et al Lab. Invest.
64:466-4506, 1991); -En incisiones de 1la piel, después de
atraer 1los macréfqgos y fibroblastos, TGF-B1l mejora la
formacioén de matriz extracelular al incrementar la
transcripcién de genes de colageno y fibronectina,
disminuyendo 1la secrecién de proteasas, incrementando la
secrecidén de inhibidores de proteasa e incrementando la
transcripcidén de réceptores de células para las matrices de
proteinas.

Las acti&idades antifibréticas de la pirfenidona
han sido demostradas in vivo en animales de laboratorio con
lesiones fibréticas con cultivos de células de fibroblastos
pulmonares de humano (W138), y observadas en pruebas piloto
abiertas en pacientes con fibrosis pulmonar severa,
hipertrofia benigna de préstata o queloides. La pirfenidona
puede selectivamentév disminuir el aumento de cicatrices o
remodela o remueve el‘tejido de cicatriz o la fibrosis. La
disfuncién causada por lesiones por fibrosis se puede mejorar
por la reduccidn o remocién de la lesidédn fibrdética seguido de
un tratamiento de pirfenidona. Aparentemente, las funciones
del organo y el tejido se pueden restaurar aun después de la
presencia de fibrosis por varios afos. Cuando se administra
inmediatamente después; de un injerto, tal como un trauma,
infeccién o alergia, a un tejido, 1la pirfenidona puede
también prevenir la formacidén excesiva de tejido de cicatriz,
o lesiones fibrdéticas, y, de esta manera, ayuda a retener la

funcidén normal y la apariencia del tejido.

&
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La pirfenidona puede causar remocién de tejido
fibrotico colédgeno excesivo por medio de la accién fagocitica
de los fibroblastos locales. Esto se ha observado por examen
de secciones histoldgicas del tejido pulmonar bajo el
microscopio en perros, -ratones, gatos y hamsteres con
fibrosis pulmonar tratados con pirfenidona, y también por
medio de micrografias de electrones de secciones histolégicas
de tejido pulmonar tomado de hamsteres con asbestosis
inducida experimentalmente que fueron tratados con
pirfenidona. No ocurrié ninguna infiltracién de neutrdédfilos
que inducen la inflamaciédn, células PMN, monolitos vy
linfocitos.

La proliferacién mejorada de fibroblastos W138 en
exposicidén in Vitro 5 PDGF o DbFGF puede ser bloqueada por
pirfenidona agregada’al medio de crecimiento de células. La
pirfenidona también inhibe el crecimiento inducido de TGF-B1
en cultivos de salida de fibroblastos pulmonares y dérmicos.

Los hallazgos élinicos en humanos después del
tratamiento con pirﬁénidona han sido consistentes con los
efectos antifibréticos observados en animales de laboratorio.
Pruebas piloto clinicas abiertas con pirfenidona oral se han
realizado con pacientes que padecen asbestosis pulmonar,
fibrosis pulmonar indﬁcida por bleomicina, fibrosis
ideopatica pulmonar, esclerodermis con fibrosis pulmonar, vy
Sindrome de Hermansky-Pudlak caracterizado por fibrosis
pulmonar.

El criterio clinico para una respuesta benéfica
durante 1los primeros‘ meses de pirfenidona incluyen 1la
reduccidédn en la .incidencia de tos, reduccidén en los
requisitos de oxigend‘ suplementario, incremento en la

tolerancia al ejercicio, disnea reducida durante el

e
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ejercicio, mejora pulmonar, reanudacién de tareas diarias
normales, Aganancia de peso y supervivencia. Durante los
primeros mesés, la funcién pulmonar se mide por rayos X del
pecho, espirbﬁetria, o difusién CO (DLCO) que mostrd muy
pocos, si no es que ningin, cambio. Sin embargo, después de 4
a 6 meses eﬁ pirfenidona, 1la inhibicién o bloqueo del
deterioro posterior de la funcién pulmonar fue evidente por
las pruebas de funcidén pulmonar, capacidad vital (VC) en la
capacidad desactivada del pulmén para el mondéxido de carbono
(DLCO) . Estas observaciones generales se comparan
favorablemente pon aquellas descritas por Van Barneveld et al
(AMER. Rev. Réépr.'Dis., vol. 135, 48-51, 1987), durante una
recuperacién espontdnea de pacientes con neumonitis pulmonar
inducida por blegmicina (primera etapa de la fibrosis).

Martinet et al (NE Tour. Med., vol 317, 202-209,
1987) ha descrito una liberacién exagerada de PDGF por
macréfagos alveélares en pacientes con fibrosis idiomatica
pulmonar. La demoStracién in Vitro de la inhibicién de la
pirfenidona de  la mitogénesis y la formacidén mejorada de
colageno causadézpor factores de crecimiento (bFGFm PDGF vy
TGF-B1) puede. explicar en parte la accién antifibrética
benéfica in vivo de la pirfenidona.

En una‘prueba piloto abierta de la pirfenidona en
varones mayores con hipertrofia de préstata avanzada benigna
(BPH, crecimieﬁﬁo“ fibroso no canceroso de la glandula
prostatica masculina), los pacientes experimentaron mejoras
en el desemperio funcional basado en criterios objetivos.
Después de tomé:b pirfenidona por via oral, la urgencia
frecuente de 1la Véfiga urinaria fue mejorada y la nocturna
rara vez ocurrid’ En otra prueba piloto abierta, aplicaciones

tépicas de linimento de pirfenidona en sitios quirurgicos
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inmediatamente después de la reseccién queloide ha prevenido
la recurrencia de queloides en pacientes que se observaron en
los siguientes dos afios. Cada uno de estos pacientes tiene
una historia previa de recrecimiento de queloides después de
dicha cirugia. La pirfenidona puede inducir la remodelacién
de las lesiones fibréticas de la piel para reducir o eliminar
los queloides, reducir o eliminar cicatrices en la piel vy
eliminar o) disminuir las contracturas de cicatrices
hipertréficas (lesiones posteriores a quemaduras). En una
condicién similar, la pirfenidona también actua para inhibir
las adherencias postoperatorias.

Por lo tanto, las investigaciones clinicas bajo
diserios de protocolo controlados vy pruebas de etiqueta
abierta han demostrado que la pirfenidona ejerce acciones
antifibréticas y citoprotectoras. Los efectos secundarios
observados después de la administracién oral fueron
relativamente bajos (somnolencia, ndusea gastrica 3%
salpullido fotosensible). No se reportaron efectos
secundarios serios.

En resumen, con base en la actividad inhibidora de
la pirfenidona TNF-a (citoprotectora), la formulacidén de la
capsula de la presente invencién puede ser administrada de
conformidad con ciertas modalidades de esta invencidén para
tratar paciéntes que sufren de los siguientes trastornos:

1) Sindromes del sistema nervioso central, recaida
en esclerosis mualtiple, esclerosis multiple primaria vy
secundaria, esclerosis multiple espinal, malaria cerebral,
viral o infecciones bacteriales del SNC, meningitis
bacterial, trastornos “autoinmunes” del sistema nervioso

central (SNC), infarto del SNC, edema cerebral, Sindrome de
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Parkinson, enfermedad de Alzheimer, esclerosis lateral
amilotrépica (ELA) y contusidén o conmocién cerebral;

2) Sindromes de musculos-esqueleto, artritis
reumatoide, artritis inducida por trauma, artritis causada
por infeccidén microbiana o ©por parédsito, tendonitis vy
artritis inducida por productos o farmacos medicinales
(incluyendo pequerias moléculas sintéticas tales como péptidos
o proteinas purificadas naturalmente o sintetizadas):

3) Sindromes pulmonares, sindrome agudo de
incomodidad respiratoria en adultos, asma, rinitis alérgica,
conjuntivitis alérgica, enfermedad obstructiva  pulmonar
crbénica (EOPC) y sarcoidosis pulmonar.

4) Sindromes del Sistema inmunolégico,
inflamatorios o téxicos; sindrome de shock por endotoxemia,
shock séptico, enfermedad injerto-hospedero, vasculopatia por
aloinjerto, shock hemorrdgico, lesidén de repercusidén del
cerebro o miocardio, quemaduras térmicas, lesidén por
radiacidén, lesiones generales o traumas dérmicos o contusiones,
granuloma eosinofilico, diabetes mellitus (Tipo II) o lupus
sistémico eritromatoso.

5) Sindromes gastrointestinales, enfermedad de Crohn,
colitis ulcerativa y trastornos inflamatorios del higado; y

6) Falla congestiva del corazédn.

Ademas, con base en la actividad antifibrética de la
pirfenidona, la formulacién de la cépsula de la presente invencién
se puede administrar de conformidad con otras modalidades para
tratar pacientes que sufren de los siguientes trastornos: fibrosis
pulmonar, fibrosis pulmonar por radia;ién y por farmacos, fibrosis
hepatica, fibrosis cardiaca, queloides, adherencias
postoperatorias, hipertrofia benigna de prdstata en humanos,
ateroesclerosis, fibrosis dérmica y restenosis coronaria.

Se entiende que la descripcidén, ejemplos especificos vy

(i
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}bomo una ilustracidén y no intentan ;imitar las varias modalidades
ien la presente invencién. Todas las' referencias mencionadas en la
,?resente invencién por cualquier razdn, se incorporan
especificamente y completamente como referencia. Varios cambios vy

modificaciones dentro de la presente invencién seradn aparentes al

experto en la técnica desde la descripcién y datos contenidos en
el mismo y por lo tanto, son considerados como parte de varias

modalidades de esta invencién.



Reivindicaciones (Divisional)

. Un método para preparar una granulacién que comprende 5-
metil-1-fenil-2-(1H)-piridona y excipientes
farmacéuticamente aceptables, el método comprende 1las
etapas de

Preparar la granulacién usando un tipo y una cantidad
de un excipiente seleccionado para aumentar la AUC de la
5-metil-1-fenil-2-(1H)-piridona por administracién oral,
comparada con 5-metil-1-fenil-2-(1H)~-piridona sin
excipientes administrada oralmente en una capsula

recubierta.

. El método de 1la reivindicacidén 1, en donde el método
comprende las etapas de preparar la granulacidén usando un
tipo y una cantidad de wun ligante seleccicnado para
aumentar la AUC de la 5-metil-1-fenil-2-(1H)-piridona por
administracién oral comparado con 5-metil-l-fenil-2-(1H)-
piridona sin excipientes administrada oralmente en una

cidpsula recubierta.

. E1l método de la reivindicacién 1 o 2, en donde la cantidad
del 1ligante es una cantidad efectiva de ligante para
aumentar la AUC de b5-metil-l-fenil-2-(1H)-piridona al
menos en 60% por administraciédn oral, comparada con la
pirfenidona sin excipientes administrada oralmente en una

cdpsula recubierta.

. Una granulacién de 5-metil-1-fenil-2-(1H)-piridona, donde
la granulacién comprende en peso, 5-metil-1-fenil-2-(1H)-

piridona y excipientes farmacéuticamente aceptables, y

\’3{\
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Donde:

Los excipientes comprenden 1 - 4 % de povidona en peso

de la granulacién, o

Los excipientes comprenden una cantidad efectiva de
ligante para aumentar la AUC de la 5-metil-1-fenil-2-
(1H) -piridona por administracidén oral, comparada con 5-
metil-1-fenil-2-(1H)-piridona sin excipientes

administrada oralmente en una capsula recubierta, o

Los excipientes comprenden una cantidad efectiva de
ligante para aumentar la AUC de la 5-metil-1-fenil-2-

(1H)-piridona al menos en 60% por administracidén oral,

Comparada <con la 5-metil-1-fenil-2-(1H)-piridona sin
excipientes administrada oralmente en una cépsula

recubierta.

método de la reivindicacién 2 o 3, en donde el ligante
un ligante que interactua con el grupo amida carbonil

la pirfenidona o

granulacién de la reivindicacién 4:

Donde los excipientes comprenden una cantidad
efectiva de ligante para aumentar la AUC de la 5-metil-
1-fenil-2-(1H)-piridona por administracién oral,
comparada con 5-metil-1-fenil-2-(1H)-piridona sin

excipientes oralmente

Administrada en una céapsula recubierta y el
ligante es un ligante que interactia con el grupo amida

carbonil de la pirfenidona; o



Donde los excipientes comprenden una cantidad
efectiva de ligante para aumentar la AUC de la 5-metil-
1-fenil-2-(1H)-piridona al menos 60 % por administracién
oral, comparada con 5-metil-1l-fenil-2-{1H)-piridona sin
excipientes administrada oralmente en una cépsula
recubierta y el ligante es un ligante que interactia con

el grupo amida carbonil de la pirfenidona.

6. E1 método de cualquiera de las reivindicaciones 1-3 o 5,
en donde los excipientes farmacéuticamente aceptables
comprenden uno o mads de un desintegrador, un ligante, un
relleno y un lubricante; o

Las granulacién de la reivindicacién 4 o 5;

Donde los excipientes comprenden 1- 4 % en peso de
povidona de la granulacién y dichos excipientes comprenden
uno o mads de un desintegrador, un ligante, un relleno y un

lubricante; o

Donde los excipientes comprenden una cantidad efectiva
de ligante para aumentar la AUC de la 5-metil-l-fenil-2-(1H)-
piridona por administracidén oral, comparada con b5-metil-1-
fenil-2-(1H)-piridona sin excipientes administrada oralmente
en una céapsula recubierta y los excipientes comprenden uno o

mas de un desintegrador, un relleno y un lubricante; o

Donde los excipientes comprenden una cantidad efectiva
de ligante para aumentar la AUC de la 5-metil-1-fenil-2-(1H)-
piridona al menos 60 % por administracidén oral, comparada con
5~metil-1-fenil-2-(1H)-piridona sin excipientes administrada

oralmente en una capsula recubierta o y 1los excipientes



comprenden uno o mas de un desintegrador, un relleno y un

lubricante.

7. E1l método o granulacién de la reivindicacidén 6, donde
dicho desintegrador comprende uno o mas de agar-agar,
alginas, carbonato de calcio, carboximetilcelulosa,
celulosa, arcillas, didxido de silicio coloidal,
croscarmelosa de sodio, crospovidona, gomas, silicato de
magnesio y aluminio, metil <celulosa, polacrilina de
potasio, alginato sddico, hidroxipropilcelulosa baja
sustituida y polivinilpirrolidona hidroxipropilcelulosa

entrecruzadas, glicolato sédico de almidén y almidédn.

8. E1 método de la reivindicacidén 6, donde el ligante
comprende uno o mas de celulosa microcristalina,
hidroximetilcelulosa, hidroxipropilcelulosa, y

polivinilpirrolidona; o

La granulacién de la reivindicacién 6:

Donde 1los excipientes comprenden 1- 4 % en peso de
povidona de la granulacidén y el ligante comprende 1 o mas de
celulosa microcristalina, hiroximetilcelulosa, e

hidroxipropilcelulosa: o

Donde los excipientes comprenden una cantidad efectiva
de ligante para aumentar la AUC de la 5-metil-1-fenil-2-(1H)-
piridona al menos 60 % por administracién oral, comparada con
5-metil-1-fenil-2-(1H)-piridona sin excipientes administrada
oralmente en una capsula recubierta y el ligante comprende
uno ¢ més de celulosa microcristalina, hidroximetilcelulosa,

polivinilpirrolidona e hidroxipropilcelulosa.

\
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10.

11.

12.

13.

El meéetodo o granulacién de 1la reivindicacién 6, donde
dicho relleno comprende 1 o mas de carbonato de calcio,
fosfato de calcio, fosfatec dibasico de calcio, sulfato

tribdsico de <calcio, carboximetilcelulosa de <calcio,

celulosa, dextratos, dextrina, dextrosa, fructosa,
lactitol, lactosa, carbonato de magnesio, 6xido de
magnesio, maltitol, maltodextrinas, maltosa, sorbitol,

almidén, sucrosa, azucar y xilitol.

El método o granulacién de la reivindicacién 6, donde
dicho lubricante comprende uno o mids de agar, estearato de
calcio, oleato de etilo, laurato de etilo, glicerina,
palmitoestearato de glicerilo, aceite vegetal hidrogenado,
6xido de magnesio, estearato de magnesio, manitol,
poloxamero, glicoles, benzoato de sodio, lauril sulfato de
sodio, estearil sédico, sorbitol, &cido estearico, talco y

estearato de cinc.

El método o granulacién de cualquiera de las

reivindicaciones 6 a 10, donde por peso de la granulacién,

dicho desintegrador estd de 2 - 10 %, dicho ligante esta
de 2 - 30%, dicho relleno estd de 2- 30% vy dicho
lubricante estd de 0.3 - 0.8%.

El método o granulacién de cualquiera de las
reivindicaciones 6 - 11, donde los excipientes comprenden
estearato de magnesio como lubricante, celulosa

microcristalina como ligante y croscarmelosa de sodio como

desintegrador.

El método o granulacidén de cualguiera de las
reivindicaciones anteriores, donde, por pesc de la

granulacién, la 5-metil-1l-fenil-2-(1H)-piridona comprende

\Y



70 - 95% y los excipientes aceptables farmacéuticamente

comprenden 5 - 30%.

14. E1 método o) granulacién de cualquiera de las
reivindicaciones anteriores, donde la granulacién

comprende 100 - 400 mg de 5-metil-l-fenil-2-(1H)-piridona.

15. El método o) granulacién de cualquiera de las
reivindicaciones anteriores, donde la granulacién

comprende una mezcla granulada humeda.

le. Una granulacidén para usc en el tratamiento de una
condicién fibrética o de acciones de inhibiciones de
citoquinas en un paciente que sufre de un desorden mediado
por citoquinas, donde la granulacién se define en o se hace
por el método de cualquiera de las reivindicaciones 1 a 15,
opcionalmente donde dicha condicién fibrética es una de
fibrosis pulmonar, fibrosis hepatica, fibrosis cardiaca,
queloide, fibrosis dérmica, restenosis coronaria y
adhesiones pos-quirdargicas; o donde las citoquinas
comprenden uno més de TNF-o, TGF-f1, bFGF, PDGF, y EGF;
opcionalmente donde dicha fibrosis pulmonar es una de
fibrosis pulmonar idiopatica y sindrome de Hermansky-Pudlak

o donde el desorden es uno de

Esclerosis multiple, artritis, asma, rinitis

crdénica y edema.

17. La granulacién para uso de la reivindicacién 16, donde
la granulacién se administra a dicho paciente una o mas
veces al dia, donde el total de ingesta de 5-metil-1-

fenil-2-(1H)-piridona es por lo menos 1200 mg/dia.



18.

19.

La granulacién o el método de cualquiera de las
reivindicaciones 1 a 15, donde la granulacién es estable
por lo menos por 18 meses o donde la granulacién es
estable por al menos 12 meses cuando se almacena a 40 °C vy
75% de humedad relativa; o donde la granulacién es estable
por lo menos 18 meses cuando se almacena a 25 °C y 60% de
humedad relativa; o donde la granulacidén es estable por lo
menos por 18 meses cuando se almacena a 30°C y 65& de
humedad relativa; opcionalmente donde la estabilidad de la

granulacién se determina por andlisis de la disoluciédn.

El uso de una granulaciénlcomo se define en, o se hace
por el método de cualquiera de las reivindicaciones 1 a
15, 17 o 18 en la fabricacién de un medicamento para el
tratamiento de una condicién fibrética o para acciones de
inhibicién de <citoquinas en un paciente que sufre de

desérdenes mediados por citoquinas.



