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NUEVA COMPOSICION FARMACEUTICA RESISTENTE AL ABUSO PARA EL
TRATAMIENTO DE LA DEPENDENCIA DE OPIOIDES

La presente invencion se refiere a nuevas composiciones farmacéuticas que
comprenden opioides que son Utiles en el tratamiento de la dependencia de
opioides/opiaceos y/o del dolor, composiciones que pueden ser resistentes al
abuso y que se pueden administrar por via transmucosa y, en particular,
sublingual.

Los opioides se usan ampliamente en medicina como analgésicos. De
hecho, en la actualidad se ha aceptado que, en el alivio del dolor mas grave, no
existen agentes terapéuticos mas eficaces.

Los analgésicos agonistas de opioides se usan para tratar el dolor por cancer
cronico de moderado a grave, a menudo en combinacién con farmacos
antiinflamatorios no esteroideos (AINE), asi como el dolor agudo (es decir, durante
la recuperacién de la cirugia y del dolor intercurrente. Ademas, su uso es cada vez
mayor en la gestién del dolor no maligno crénico.

No obstante, un problema perenne con potentes agonistas opioides es el de
su abuso por los drogadictos. La drogadiccién es un problema mundial del que la
dependencia de los opioides, principalmente la heroina, es un componente
principal. La Organizacion Mundial de la Salud (OMS) estima que existen
aproximadamente 4,3 millones de adictos a los opioides a nivel mundial, con
aproximadamente 0,7 millones en Europa y 0,2 millones en EE.UU. y Canada.

La dependencia de los opioides es un importante problema de salud y el uso
de la heroina a largo plazo esta relacionado con un riesgo sustancialmente mayor
de muerte prematura por sobredosis de drogas, violencia y suicidio. Ademas,
compartir agujas entre los adictos contribuyen a la diseminacién de infecciones de
sangre potencialmente mortales tales como VIH y hepatitis C. Ademas, la
dependencia de opioides a menudo conduce a dificultades en las relaciones

sociales, incapacidad para manejar un trabajo normal y aumento de la criminalidad
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para financiarse la adicién, con implicaciones grabes para la persona dependiente
de opioides y su familia.

Los adictos a los opioides no solo alimentan su adiccibn mediante la
adquisiciéon directa de opioides “en la calle”, normalmente en forma de polvos con
base de opioide (como heroina), sino que también consiguen formulaciones
farmacéuticas destinadas al tratamiento de, por ejemplo, el dolor. Dichos
individuos a menudo aplican innovadoras técnicas en su abuso de dichas
formulaciones, por ejemplo extrayendo una gran cantidad de principios activos de
dicha formulacién en solucién, que después se inyecta por via intravenosa. Con la
mayoria de las formulaciones farmacéuticas disponibles en el comercio, esto se
puede realizar relativamente faciimente, lo que las hace inseguras o “de las que se
puede abusar”. Por tanto, existe la necesidad general de formulaciones
farmacéuticas de las que no se pueda abusar que comprendan agonistas de
opioides.

Los adictos a los opioides a menudo se tratan a modo de terapia "de
sustitucion”, en la que principaimente los opioides “de la calle” de potencia y
pureza desconocidos son sustituidos por opioides de calidad farmacéutica con una
duracion de accién mas prolongada, tal como buprenorfina.

Ademas, durante la ultima década ha comenzado a aparecer una nueva
cohorte de individuos dependientes de opioides, en particular en EE.UU., es decir,
los denominados adictos de “cuello blanco”’, que se han convertido en
dependientes tras serles prescritos opioides, normalmente iniciados para el
tratamiento del dolor. También se requiere terapia de sustitucion para este grupo
creciente de pacientes.

Los antagonistas de opioides se usan para invertir los efectos farmacolédgicos
de los opioides. Loa antagonistas selectivos de los opioides, tales como la
naloxona, pueden usarse para tratar la sobredosis por farmacos narcoéticos o para
diagnosticar una sospecha de adiccién a opioides. La naloxona, en particular,

tiene una mala biodisponibilidad cuando se administra por via transmucosa, pero
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se hace completamente biodisponible cuando se administra mediante inyeccién.

Un simple comprimido de combinacién en mezcla que comprende el agonista
parcial de opioides buprenorfina y naloxona en una proporcion de 4:1 para
administracion sublingual esta disponible como la marca registrada Suboxone®.
(Esta y otras formulaciones que contienen opioides resistentes al abuso se
recapitulan en Fudula y Johnson in Drug and Alcohol Dependence, 83S, S40
(2006). Véase, también, las solicitudes de patente de EE.UU. US 2003/0124061 y
US 2003/0191147.).

Dada la mala biodisponibilidad transmucosa de la naloxona, si Suboxone se
toma por via sublingual, como se ha indicado, la pequefia cantidad de naloxona
que se absorbe no deberia interferir en los efectos deseados de la buprenorfina.

Por otro lado, si un adicto disuelve e inyecta Suboxone con la idea de tener
un “viaje”, la mayor disponibilidad de la naloxona por via parenteral debera servir
para antagonizar los efectos de la buprenorfina, al mismo tiempo que
desencadena desagradables sintomas de abstinencia de opioides en un individuo
fisicamente dependiente de opioides.

No obstante, cuando se administra por via parenteral, el bloqueo funcional
por la naloxona de la accién de la buprenorfina también tiene una naturaleza solo
parcial y de vida corta. A Ia luz de esto, con frecuencia se ha notificado la diversién
y el uso ilicito de Suboxone, en especial en poblaciones escondidas como
encarcelados y drogadictos activos (véase, por ejemplo, Alho et al, Drug and
Alcohol Dependence, 88, 75 (2007), Monte et al, Journal of Addictive Diseases,
28, 226 (2009), Stimmel, ibid., 26, 1 (2007) and Smith et al, ibid., 26, 107, 2007).
De hecho, en un estudio reciente de adictos a drogas intravenosas sin tratar en
Finlandia, se revel6 que el 68% habia notificado abuso de Suboxone. Ademas, el
66% de los que habian abusado del farmaco una vez admitié que también habian
abusado del mismo al menos una vez después o incluso con regularidad (véase,
Ahlo et al, supra).

Ademas, también se ha informado de que Suboxone tiene otras varias
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limitaciones significativas. Por ejemplo, los comprimidos son grandes y se
disgregan lentamente. La biodisponibilidad de la buprenorfina también es
significativamente menor que para una soluciéon sublingual (véase Compton et al,
Drug and Alcohol Dependence, 82, 25 (2006)). Ademas, el gusto no es bien
tolerado por todos los pacientes y el comprimido tienen una sensacién en boca
arenosa desagradable. Un producto a base de pelicula se ha desarrollado
recientemente para contrarrestar estos problemas, pero la formulacion pelicular
tampoco se disuelve particularmente rapidamente. Ademas, de forma simultanea
solo se puede administrar una maximo de solo dos peliculas (con dosis de 2 mg y
8 mg de buprenorfina). Por tanto, se requiere la administracién secuencial para
dosis (de administracién habitual) superiores a 10 mg o a 16 mg de buprenorfina,
respectivamente.

Por tanto, existe una necesidad clinica actualmente no satisfecha de un
producto resistente al abuso para usar en la terapia de sustitucion de la adiccién
de opioides, pero que no posea las limitaciones mencionadas anteriormente. En
particular, si fuera posible idear una formulacién que fuera capaz de incrementar
significativamente la biodisponibilidad de la buprenorfina, podria ser posible
reducir la cantidad de este ingrediente farmacéutica activo, dando lugar a menos
opioide en la formulaciéon y, de este modo, reducir la cantidad disponible para
inyectar por diversion mediante abuso intravenoso.

Las solicitudes de patente internacionales WO 00/16751, WO 2004/067004,
WO 2006/103418 and WO 2008/068471 divulgan todas ellas sistemas de
liberacion de farmacos para el tratamiento de, por ejemplo, el dolor agudo
mediante administracion sublingual, aplicando el principio de la mezcla interactiva,
en el que el ingrediente activo en forma de microparticulas se adhiere a las
superficies de particulas vehiculo mas grandes en presencia de un agente
estimulante bioadhesivo y/o mucoadhesivo. En particular, el documento WO
2008/068471 divulga una formulaciéon que comprende particulas de farmacos

agonistas opioides sobre las superficies de particulas vehiculo que comprenden
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un antagonista de opioides, tal como naloxona.

Los documentos de la técnica anterior, incluidas las solicitudes de patente
internacional WO 03/005944, WO 02/067903, WO 2007/141328, WO
2010/132605, WO 01/30288 y la solicitud de patente de EE.UU. 2009/0263476 A1
usan agentes modificadores del pH para estimular la disolucién y/o la absorcién de
ingredientes activos.

Los inventores han descubierto ahora que aplicando un principio de
formulacién especifico a una combinacion de ingredientes activos, bupren_orfina y
naloxona, los inventores han proporcionado un producto con propiedades clinicas
y farmacéuticas inesperadas y significativamente mejoradas.

De acuerdo con un primer aspecto de la invenciéon se proporciona una
composicién farmacéutica que comprende microparticulas de una cantidad
farmacologicamente eficaz de buprenorfina o una sal farmacéuticamente
aceptable de la misma, en mezcla asociativa con particulas que comprenden un
acido deébil o particulas que comprenden materiales formadores de tampén
débilmente acido. Dichas composiciones se denominan en el presente documento
“las composiciones de la invencion”.

Se prefiere que las composiciones farmacéuticas que comprenden
buprenorfina, o una sal farmacéuticamente aceptable de la misma, se presenten
mezcladas (p. €j., en mezcla simple) con un disgregante.

A este respecto, se proporciona ademas una composicion farmacéutica que
comprende:

(i) una composicion de la invencion como se ha definido anteriormente
en el presente documento (“Componente (i)’); y

(ii) un disgregante (en lo sucesivo en el presente documento
"Componente (ii)").

Las composiciones que comprenden los Componentes (i) y (ii) también se
denominan en lo sucesivo en el presente documento composiciones de la

invencion.
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También se prefiere que las composiciones farmacéuticas que comprenden
buprenorfina, o una sal farmacéuticamente aceptable de la misma, se presenten
mezcladas (p. €j., en mezcla simple) con un disgregante y naloxona.

A este respecto, se proporciona ademas una composiciéon farmacéutica que
comprende:

(a) una composicion de la invencion que comprende los Componentes (i)
y/o (ii) como se ha definido anteriormente en el presente documento; y

(b) particulas de una cantidad terapéuticamente eficaz de un compuesto
de férmula |, o una sal farmacéuticamente aceptable del mismo (en lo sucesivo en
el presente documento “Componente (iii)").

Las composiciones que comprenden el Componente (iii) formulado junto con
los Componentes (i) y/o (ii) también se denominan en lo sucesivo en el presente
documento composiciones de la invencion.

La buprenorfina y sus sales farmacéuticamente aceptables se presentan en
las composiciones de la invencion en forma de microparticulas. La naloxona y sus
sales farmacéuticamente aceptable también pueden (p. ej., preferentemente)
presentarse en las composiciones de la invenciéon en forma de microparticulas.
Las microparticulas poseen, preferentemente, un diametro medio en base al peso,
un diametro medio en base al nimero y/o un diametro medio en base al volumen
de entre aproximadamente 0.5 um y aproximadamente 15 um, tal como
aproximadamente 1 um y aproximadamente 10 um. Como se usa en el presente
documento, el experto en la técnica entendera que la expresiéon “diametro medio
en base al peso” incluye que el tamafo promedio de la particula se caracteriza y
define a partir de una distribucién del tamano de la particula en peso, es decir una
distribuciéon en la que la fraccion existente (cantidad relativa) en cada clase de
tamafio se define como la fraccion en peso, obtenida mediante, por ejemplo,
tamizado (p.ej, tamizado en himedo). Como se usa en el presente documento, el
experto en la técnica entendera que la expresién “diametro medio en base al

numero” incluye que el tamano promedio de la particula se caracteriza y define a
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partir de una distribuciéon del tamafio de la particula en nimero, es decir una
distribucién en la que la fracciéon existente (cantidad relativa) en cada clase de
tamafio se define como la fraccion en nimero, medida mediante, por ejemplo,
microscopia. Como se usa en el presente documento, el experto en la técnica
entendera que la expresién “diametro medio en base al volumen” incluye que el
tamario promedio de la particula se caracteriza y define a partir de una distribucién
del tamafio de la particula en volumen, es decir una distribucion en la que la
fraccion existente (cantidad relativa) en cada clase de tamaro se define como la
fraccién en volumen, medida mediante, por ejemplo, difraccién laser.

Las microparticulas de ingredientes activos se pueden preparar mediante
técnicas de micronizacion estandar, tales como trituracion, molturacioén en chorro,
molturaciéon en seco, molturaciéon en himedo, precipitacion etc. Un procedimiento
de elutriacién en aire se puede usar después para preparar fracciones de tamafo
especificos, en caso necesario.

Sales preferidas de buprenorfina and naloxona incluyen sales clorhidrato.

La buprenorfina y sus sales farmacéuticamente aceptables se formulan
juntas en mezcla asociativa con particulas de un acido débil o con o particulas de
materiales formadores de tampén débilmente Aacido, para proporcionar
cdmposiciones de la invencion (o Componente (i) o composiciones de la
invencién. |

Materiales débilmente acidos que se pueden mencionar incluyen aquellos
que, cuando se proporcionan en una composicion de la invencién, permiten la
provisién cuando la composicidn esta disuelta en agua y/o saliva (p. €j., en el lugar
de administracion de composiciones de la invencién) de un pH de entre
aproximadamente 4,0 y aproximadamente 6.5 (p. €j., aproximadamente 6.25), y
estan presentes en una cantidad suficiente para permitir el mantenimiento del pH
dentro de este intervalo durante un periodo de tiempo adecuado (p. e€j.,
aproximadamente 30 segundos, tal como aproximadamente 1 minuto) a

aproximadamente 3 minutos (p. €j., aproximadamente 2 minutos, tal como



10

15

20

25

aproximadamente 1,5 minutos) para facilitar la disolucién de, en particular, las
microparticulas de buprenorfina y/o absorcion de buprenorfina en la mucosa
sublingual a continuacion. Para los fines de la presente invencion, el término
incluye sustancias que son seguras para usar en mamiferos e incluye acidos
débiles, derivados de acidos débiles y otras sustancias quimicas que se convierten
en acidos deébiles in vivo (p. ej., precursores que se convierten en acidos in vivo,
por ejemplo, siendo secuencialmente activados de acuerdo con las propiedades
del ambiente local). Los pKa tipicos de los acidos débiles estan en el intervalo de
entre aproximadamente -1,5 (p. ej., aproximadamente -1,74) y aproximadamente
16 (p. €j., aproximadamente 15,74) (p. ej., véase Vollhardt, Organic Chemistry
(1987). Un intervalo preferido esta entre aproximadamente 1 y aproximadamente
10. Mas preferentemente, el material débilmente acido comprende un acido débil
que es seguro para consumo humano, por ejemplo un acido alimentario, tal como
acido malico, acido fumarico, acido adipico, acido succinico, acido lactico, acido
aceético, acido oxalico, acido maleico, cloruro amoénico, preferentemente acido
tartarico, y, mas preferentemente, acido citrico o una combinacién de dichos
acidos. El experto en la técnica apreciara que, cuando se usan acidos débiles que
no son solidos (y, por tanto, no son particulas) en o alrededor de la temperatura
atmosférica y a presion atmosférica, se pueden adsorber en un material vehiculo
particulado (como silice coloidal) con el fin de proporcionar particulas que
comprenden el material débilmente acido.

Los materiales formadores de tampén débilmente acido, cuando se
proporcionan en una composicién de la invencién, proporcionan un sistema
tampon débilmente acido cuando la composicién esta disuelta en agua y/o saliva
(p. €j., en el lugar de administracién de composiciones de la invencién) lo que
permite aportar un pH de entre aproximadamente 4,0 y aproximadamente 6,5 (p.
ej., aproximadamente 6,25), y estan presentes en una cantidad suficiente para
permitir el mantenimiento del pH dentro de este intervalo durante un periodo de

tiempo adecuado (p. e€j., aproximadamente 30 segundos, tal como
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aproximadamente 1 minuto) a aproximadamente 3 minutos (p. €j.,
aproximadamente 2 minutos, tal como aproximadamente 1,5 minutos) para facilitar
la disolucion de, en particular, las microparticulas de buprenorfina y/o absorcion de
buprenorfina en la mucosa sublingual a continuaciéon. Por tanto, materiales
formadores de tampén incluyen combinaciones de acido débil y sal de acido débil,
tal como combinaciones de los acidos mencionados anteriormente con sales
alcalinas de dichos acidos, incluyendo citrato soédico, citrato potasico, tartrato
sodico, tartrato potasico y similares. Materiales formadores de tampén preferidos
son acido citrico y citrato sédico. El experto en la técnica apreciara que, cuando se
usan materiales que no son sélidos (y, por tanto, no son particulas) en o alrededor
de la temperatura atmosférica y a presion atmosférica, se pueden adsorber en un
material vehiculo particulado (como silice coloidal) con el fin de proporcionar
particulas que comprenden los materiales formadores de tampén débilmente
acido.

Tamanos de particulas adecuados de materiales débilmente acidos, o
formadores de tampoén débilmente &acido, se encuentran en el intervalo de
aproximadamente 1 ym y aproximadamente 1000 um (p. ej., aproximadamente
800 pm, tal como aproximadamente 750 um), vy, preferentemente entre
aproximadamente 40 (tal como aproximadamente 50 um) y aproximadamente 600
pm. Cantidades adecuadas de materiales débilmente acidos que permiten el
mantenimiento del pH dentro de los intervalos mencionados anteriormente tras la
administracién oral como se ha descrito en el presente documento anteriormente
estan en el intervalo de al menos aproximadamente 1% a aproximadamente 10%
en peso de la formulacién total. Cantidades totales adecuadas de materiales
formadores de tampoén débilmente acido que permiten el mantenimiento del pH
dentro de los intervalos mencionados anteriormente tras la administracién oral
como se ha descrito en el presente documento anteriormente estan en el intervalo
de al menos aproximadamente 1% a aproximadamente 15% en peso de la

formulacion total.
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El disgregante o “agente disgregante” que se puede usar como, o como parte
del, Componente (ii) en las composiciones de la invencién se puede definir como
cualquier material que es capaz de acelerar hasta un grado mensurable la
disgregacién/dispersion de una composicion de la invencion.

Por tanto, el disgregante puede proporcionar un tiempo de disgregacion in
vitro de aproximadamente 30 segundos o menos, medido de acuerdo con el
procedimiento estandar de ensayo de disgregacion de la Farmacopea de EE.UU.
(USP) estandar (véase FDA Guidance for Industry: Orally Disintegrating Tablets;
December 2008). Esto se puede conseguir, por ejemplo, si el material es capaz de
hincharse, absorber humedad y/o deformarse cuando entra en contacto con agua
y/lo moco (p. €j., saliva), causando, de este modo, que las formulaciones en
comprimidos se disgreguen cuando estan humedecidas.

Disgregantes adecuados (como se define en, por ejemplo, Rowe et al,
Handbook of Pharmaceutical Excipients, 62 ed. (2009)) incluyen derivados de
celulosa tales como hidroxipropilcelulosa (HPC), HPC de baja sustitucion,
metilcelulosa, etilhidroxietilcelilosa, carboximetilcelulosa calcica,
carboximetilcelulosa sédica, celulosa microcristalina, goma de celulosa
modificada; derivados de almidon tales como almidon moderadamente reticulado,
hidroxipropilalmidén y almidén pregelatinizado; y otros disgregantes tales como
alginato calcico, acido alginico, quiitosano, diéxido de silicio coloidal, docusato
sodico, goma guar, silicato de magnesio aluminio, polacrilinpotasio vy
polivinilpirrolidona. Se pueden usar combinaciones de dos o mas disgregantes.

Disgregantes preferidos incluyen los denominados “superdisgregantes”
(como se define en, por ejemplo, Mohanachandran et al, International Journal of
Pharmaceutical Sciences Review and Research, 6, 105 (2011)), tal como
polivinilpirrolidona reticulada, glicolato de almidén sédico y croscarmelosa sédica.
Se pueden usar combinaciones de dos 0 mas superdisgregantes.

Los disgregantes también se pueden combinar con superdisgregantes en las

composiciones de la invencion.
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Los disgregantes y/o superdisgregantes se usan, preferentemente, en una
cantidad (p. ej., total) de entre 0,5 y 15% en peso en base al peso total de la
composicion. Un intervalo preferido es de 1 a 8%, tal como de aproximadamente 2
a aproximadamente 7% (p. €j., aproximadamente 5%, tal como aproximadamente
4%) en peso.

Las composiciones de la invencion se pueden formular juntas (junto con
cualquier otro material que pueda estar presente) mediante simples técnicas de
mezclado estandar o mediante granulacién.

Los granulos se pueden preparar mediante un procedimiento de granulacion
en seco, granulacion en humedo, peletizacion termoplastica, granulacién por
pulverizacion o extrusion/esferonizacion.

Las técnicas de granulacion en humedo son bien conocidas para los
expertos en la materia e incluyen cualquier técnica que implique el amasado de
una mezcla de particulas de polvo primario seco usando un fluido de granulacion,
en la que el fluido comprende un disolvente inerte volatil, tal como agua, etanol o
isopropanol, solo o en combinacioén, y, opcionalmente, en presencia de un
aglutinante o agente aglutinante. La técnica puede implicar forzar una masa
humeda a través de un tamiz para producir granulos himedos que después se
secan, preferentemente hasta una pérdida por desecacion de menos de
aproximadamente un 3% en peso.

Las técnicas de granulacidn en seco también son bien conocidas por los
expertos en la materia e incluyen cualquier técnica en la que las particulas de
polvo primario se agreguen a presion alta, incluyendo precompresion y
compactacion en rodillo, por ejemplo como se describe en el presente documento.

Los expertos en la materia conoceran que la granulacién en fusion incluye
cualquier técnica en la que los granulos se obtengan mediante la adicion de un
aglutinante fundido o un aglutinante solido que se funde durante el procedimiento.
Después de la granulacion, el aglutinante se solidifica a temperatura ambiente Se

sabe que la peletizacion termoplastica es similar a la granulacién en humedo, pero

—_—
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se usan propiedades plasticas del aglutinante. En ambos procedimientos, los
aglomerados (granulos) obtenidos comprenden una estructura de matriz.

Los expertos en la materia conoceran que la granulacién por pulverizacion
incluye cualquier técnica que implique desecacion de liquidos (soluciones,
suspensiones, fundidos) al misto tiempo que se generan simultaneamente los
granulos en un lecho fluidizado. Por tanto, el término incluye procedimientos en los
que se proporcionan semillas extrafias (gérmenes) con las que se generan
granulos, asi como aquellos en los que se forman semillas inherentes (gérmenes)
en el lecho fluidizado debido a abrasion y/o fractura, ademas de, generalmente,
cualquier técnica de granulacion con recubrimiento por pulverizacion. El liquido
pulverizado recubre los gérmenes y ayuda a la aglomeracion adicional de fas
particulas. Después se seca para formar granulos en forma de una matriz.

Los expertos en la técnica sabrdn que la extrusion/esferonizacion incluye
cualquier procedimiento que implique la mezcla en seco de ingredientes, el
amasado en humedo junto con un aglutinante, la extrusion, la esferonizaciéon del
extrudido en esferoides de tamario uniforme, y la desecacion.

En particular, las microparticulas de buprenorfina o una sal de la misma y
particulas de materiales débilmente acidos, formadores de tampon débilmente
acidos, se presentan en mezcla asociativa entre si en las composiciones de la
invencién. Por “mezcla asociativa” los inventores quieren decir que si el
Componente (i) se formule o no después junto con los Componentes (ii) y (iii)
como se ha definido anteriormente en el presente documento, tiene lugar alguna
forma de etapa de mezclado (mezclado simple, granulacién como se ha descrito
en el presente documento anteriormente, o lo contrario) como entre las
microparticulas de buprenorfina/sal y particulas de materiales débilmente acidos,
formadores de tampoén débilmente acidos, haciendo que entren en contacto intimo.

Para evitar dudas, por “contacto intimo” los inventores incluyen que las
microparticulas de buprenorfina o una sal de la misma y particulas de materiales

débilmente acidos, formadores de tampén débilmente acido, se presentan en
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mezcla asociativa entre si en las composiciones de la invenciéon en cualquier
forma en la que estén, al menos en parte, en contacto intimo entre si. Esto incluye
la posibilidad de la inclusién de recubrimientos de disolucién rapida en uno u otro,
0 ambos, conjuntos de particulas.

A este respecto, el Componente (i) se presenta, preferentemente, como, o
como parte de, una composicion de la invencion en forma de una mezcla
interactiva que comprende al menos una poblacién de particulas vehiculo sobre
cuyas superficies se presentan (p. ej., adheridas) las microparticulas de
buprenorfina o una sal farmacéuticamente aceptable de la misma.

Los expertos en la técnica entenderan que el término mezcla “interactiva”
incluye el término mezcla “ordenada” y que indica una mezcla en la cual las
particulas no aparecen como unidades Unicas, como en las mezclas aleatorias,
sino en las que particulas mas pequeiias (p. ej., microparticulas de, por ejemplo,
buprenorfina) estan unidas a (es decir, adheridas a o asociadas con) las
superficies de las particulas vehiculo mas grandes. Dichas mezclas se
caracterizan por fuerzas interactivas (por ejemplo fuerzas de van der Waals,
fuerzas electrostaticas o de Coulomb y/o puentes de hidrogeno) entre el vehiculo y
las particulas asociadas a la superficie (véase, por ejemplo, Staniforth, Powder
Technol., 45, 75 (1985)). En mezclas finales, y composiciones que comprenden
dichas mezclas, las fuerzas interactivas tienen que ser lo bastante fuertes como
para mantener las particulas adherentes en la superficie del vehiculo.

Cuando se usan mezclas interactivas como el principio de la formulacion por
la cual el componente (i) particulado se presenta en una composicion de la
invencién, estas estan hechas, preferentemente, con particulas vehiculo que son
de un tamano (diametro medio o promedio en base al peso y/o al volumen, vease
anteriormente) que esta entre aproximadamente 30 ym y aproximadamente 1000
Mm (p. €j., aproximadamente 800 um, tal como aproximadamente 750 ym), y
preferentemente entre aproximadamente 40 (tal como aproximadamente 50 um) y

aproximadamente 600 pym.
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Las particulas vehiculo pueden comprender sustancias farmacéuticamente
aceptables que son hidrosolubles, tales como hidratos de carbono, por ejemplo
azucares, tales como lactosa y alcoholes de aztcar, tal como manitol, sorbitol y
xilitol, sales inorganicas farmacéuticamente aceptables, tal como cloruro sédico.
Las particulas vehiculo hidrosolubles pueden comprender también materiales
debilmente acidos, y/o formadores de tampon débilmente acido, mencionados en
el presente documento anteriormente (tal como acido citrico y/o citrato sédico).
Como alternativa, las particulas vehiculo pueden comprender sustancias
farmacéuticamente aceptables que sean insolubles o poco solubles en agua, tales
como fosfato dicalcico anhidrato, fosfato dicalcico dihidrato, fosfato tricalcico,
carbonato calcico y sulfato de bario, almidon y almidén pregelatinizado, materiales
bioadhesivo y mucoadhesivo, tal como polivinilpirrolidona reticulada vy
croscarmelosa sodica; y otros polimeros, tales como celulosa microcristalina,
celulosa y; o mezclas de los mismos.

En “soluble en agua” se incluye que el material tenga una solubilidad en agua
que sea superior a 33,3 mg/ml a presion atmosférica (p. ej.,, 100 kPa) y a
temperatura ambiente (p. ej., 21°C). Por otro lado, la expresién “escasamente
soluble o insoluble en agua” incluye materiales que tienen una solubilidad en agua
que es inferior a 33,3 mg/ml en las mismas condiciones. Materiales de particulas
vehiculo solubles preferidas incluyen alcoholes de aztcar, tal como sorbitol, xilitol
y particularmente manitol. Materiales de particulas vehiculo hidrosolubles o
insolubles en agua preferidos incluyen celulosa y almidones, tales como celulosa
microcristalina.

Se prefiere que la buprenorfina o su sal farmacéuticamente aceptable se
presente sobre las superficies de particulas vehiculo hidrosolubles.

A este respecto, como se ha indicado anteriormente, los materiales
débilmente acidos y/o materiales formadores de tampén débilmente acidos
también pueden funcionar como materiales de particulas vehiculo hidrosolubles.

Por tanto, la mezcla asociada de dichos materiales con buprenorfina/sal de la



15

misma puede significar que lo anterior comprende particulas vehiculo sobre las
cuales se presentan microparticulas del Gltimo. En dichos casos, dichos materiales
se pueden presentar al menos como particulas vehiculo hidrosolubles adicionales,
ademas de la presencia de otras particulas vehiculo hidrosolubles sobre cuyas
superficies se presentan microparticulas de burprenorfina.

Cuando las particulas vehiculo comprenden dichos materiales débilmente
acidos/formadores de tampdn, se pueden proporcionar compuestos de dichos
materiales con otros materiales de particulas vehiculo hidrosolubles (tales como
los descritos en el presente documento anteriormente). Dichos materiales se
10  pueden preparar mediante compresion directa o granulacion, por ejemplo. Como
alternativa, las particulas vehiculo pueden estar constituidas esencialmente por
un material débilmente acido y/o uno o mas materiales que, cuando se disuelven
en saliva, dan lugar a un sistema tampén débilmente acido. Por “constituido
esencialmente por’ de dichos materiales los inventores quieren decir que,
15 excluyendo la posible presencia de agua (véase mas adelante), las particulas
vehiculo comprenden al menos aproximadamente 95%, tal como al menos
aproximadamente 98%, mas preferentemente mas de aproximadamente 99%, y

particularmente al menos aproximadamente 99,5% en peso (en base al peso total

de la particula vehiculo) de dichos materiales. Estos porcentajes excluyen la

20 presencia de cantidades resto de agua (p. €j., agua cristalina o agua unida a las
superficies externas de los materiales) y/o cualquier impureza que pueda estar
presente en dichos materiales, impurezas que pueden surgir tras la produccion de
dichos materiales, bien por un tercero suministrador comercial o no comercial o
por un experto en la técnica que fabrica una composicién de la invencién.

25

Como alternativa (y/o ademas), en el Componente (i), las particulas de
material débilmente acido y/o de materiales formadores de tampdn débilmente
acido, se pueden presentar, al menos en parte, sobre las superficies, y/o entre
ellas, de las particulas vehiculo. En dichos casos, los tamafios de particula

adecuados de dichos materiales son los presentados en el presente documento
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para principios activos y/o disgregantes

Cuando se usan en composiciones de la invencién, los Componentes (i) e
(iii) se formulan, preferentemente, juntos, por ejemplo para formar particulas que
comprendan naloxona o una sal de la misma y el disgregante, antes de mezclar
con el Componente (i). Como alternativa, las particulas de materiai débilmente
acido, y/o de materiales formadores de tampén débilmente acido, se pueden
formular junto con los Componentes (i) y/o (i) antes de mezclar con
microparticulas de buprenorfina, pudiéndose presentar las ultimas microparticulas
en forma de mezclas interactivas con particulas vehiculo como se ha descrito
anteriormente en el presente documento. Los materiales débilmente acidos, y/o
los materiales formadores de tampdn débilmente acido, pueden, de este modo,
formularse en mezcla asociativa con microparticulas de buprenorfina como se ha
definido anteriormente en el presente documento) de este modo.

Ademas, en el Componente (iii), las particulas de naloxona, o sales
farmacéuticamente aceptables de la misma, también se pueden presentar sobre
las superficies de, y/o entre ellas, las particulas vehiculo en las composiciones de
la invencién, pero esto no es esencial. Dichas particulas vehiculo pueden ser
hidrosolubles (como se ha definido anteriormente en el presente documento), o
pueden (preferentemente) ser particulas vehiculo insolubles / escasamente
solubles en agua.

Los materiales disgregantes y/o superdisgregantes también se pueden
presentar, al menos en parte, como particulas sobre las superficies de, y/o entre
ellas, las particulas vehiculo que pueden o no portar también naloxona o sales de
la misma. Si se usan en forma particulada, las particulas de disgregantes y/o
superdisgregantes se pueden presentar con un tamafo de particula (diametro
medio o promedio basado en peso y/o en volumen, véase anteriormente) de entre
aproximadamente 0,1 y aproximadamente100 um (p. ej., aproximadamente 1 y
aproximadamente 50 ym).

Como alternativa, los disgregantes y/o superdisgregantes también pueden
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estar presentes como un constituyente en excipientes compuestos. Los
excipientes compuestos se pueden definir como mezclas de excipientes
coprocesados. Ejemplos de excipientes compuestos que comprenden
superdisgregantes son Parteck® ODT, Ludipress® y Prosolv® EASYtab.

También se pueden presentar en las composiciones de la invenciéon
materiales bio/mucoadhesivos. Dichos materiales se pueden presentar sobre (p.
ej., adheridos) las superficies de particulas vehiculo cuando componentes de
composiciones de la invencion se presentan en forma de mezclas interactivas.

Las composiciones de la invencion se pueden usar en el tratamiento de la
dependencia de y/o adiccion a opioides como se ha descrito anteriormente en el
presente documento, por ejemplo en programas de terapia de sustitucion. La
dependencia y/o adiccion de opioides se puede definir de numerosas formas
(véase, por ejemplo, www.who.int/substance _abuse/terminology/definition1), pero
se puede caracterizar por, por ejemplo, fenémenos fisiologicos, conductuales y
cognitivos en los que el uso de una sustancia o una clase de sustancias toma una
prioridad mucho mayor para un individuo dado que otros comportamientos que
una vez tuvieron mayor valor y/o se caracteriza por un deseo (a menudo fuerte y
en ocasiones abrumador, de tomar opioides y/u opiaceos (que pueden o no
haberse prescrito médicamente). Es particularmente preferido que las
composiciones de la invencién que comprenden naloxona se usen en el
tratamiento de la dependencia y/o adiccion a opioides.

La buprenorfina es un agonista parcial en el receptor de opioides y y un
antagonista en el receptor de opioides k. Posee una afinidad alta en ambos
receptores y compite con otros agonistas, como la metadona, la heroina
(diamorfina) y la morfina, en el receptor de opioides p. Los efectos del agonista de
opioides buprenorfina son menos que los efectos maximos de otros agonistas
“completos" de opioides, tales como morfina, y estan limitados por un efecto de
“techo”. Por tanto, el farmaco produce un grado menor de dependencia fisica que

otros agonistas de opioides, tales como la heroina, la morfina o la metadona y, por
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consiguiente, es particularmente Util en terapias de sustitucion.

La expresion "cantidad farmacolégicamente eficaz” hace referencia a una
cantidad de un ingrediente activo, que es capaz de conferir un efecto terapéutico
deseado sobre un paciente tratado, se administre solo o en combinacién con otro
ingrediente activo. Dicho efecto terapéutico puede ser objetivo (es decir, medible
mediante alguna prueba o marcador) o subjetivo (es decir, un sujeto da un
indicacién o siente un efecto).

Por tanto, las cantidades farmacolégicamente eficaces adecuadas de
buprenorfina (o0 una sal de la misma) incluyen las que son capaces de producir y/o
contribuir a la produccién del efecto terapéutico deseado, a saber, menos ansias
por opioides y/u opiaceos y/o menor uso ilicito del farmaco, cuando se administran
por via transmucosa, mientras que cantidades farmacoldégicamente eficaces
adecuadas de naloxona (o una sal de la misma) cuando se usan deben ser
suficientes para no competir con el efecto farmacolégico mencionado
anteriormente de la buprenorfina presente en la composiciéon de la invencién tras
su administracion transmucosa, pero para antagonizar el efecto de la buprenorfina
y desencadenar sintomas de abstinencia si se realiza un intento por parte de un
individuo adicto a los opioides de inyectarse una composicion de la invencion.

Por consiguiente, el experto en la técnica puede determinar las cantidades
de ingredientes activos que se pueden usar en las composiciones de la invencion
en relacién con lo que sera mas adecuado para un paciente individual. Esto es
probable que varie con la via de administracion, el tipo y la gravedad de la
afeccion que se va a tratar, asi como la edad, el peso, el sexo, la funcién renal, la
funcion hepatica y la respuesta del paciente concreto que se va a tratar.

La cantidad total de buprenorfina/sal de la misma que se puede usar en una
composicion de la invencién puede estar en el intervalo de aproximadamente
0,1%, tal como aproximadamente 1%, a aproximadamente 20%, tal como
aproximadamente 10%, en peso en base al peso total de la composicion. La

cantidad de este ingrediente activo también se puede expresar como la cantidad
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en una forma de dosificacién unitaria (p. €j., un comprimido). En tal caso, la
cantidad de buprenorfina/sal que puede estar presente puede ser suficiente para
proporcionar una dosis de buprenorfina (calculada como la base libre) por forma
farmacéutica unitaria que esta en el intervalo de entre aproximadamente 0,1 mg,
tal como aproximadamente 1 mg y aproximadamente 50, por ejemplo 30, tal como
aproximadamente 20 mg (p. €j., aproximadamente 15 mg, p. €j., aproximadamente
12 mg, tal como aproximadamente 10 mg). Intervalos preferidos para el
tratamiento del dolor son de aproximadamente 0,1 mg a aproximadamente 4 mg.
Intervalos preferidos para la terapia de sustitucion son de aproximadamente 0,5
mg a aproximadamente 50 mg, tal como aproximadamente 0,75 mg, (p. €j.,
aproximadamente 1 mg) a aproximadamente 12 mg, tal como aproximadamente
10 mg (p. €j., aproximadamente 7 mg). Las dosis de buprenorfina individuales por
comprimido que se puede mencionar incluyen aproximadamente 11,4 mg,
aproximadamente 8,6 mg, aproximadamente 5,7 mg, aproximadamente 2,9 mg y
aproximadamente 1,4 mg.

Cuando se usa, la cahtidad total de naloxona/sal de la misma que se puede
usar en una composicion de la invencion puede estar en el intervalo de
aproximadamente 0,125%, tal como aproximadamente 0,25%, a aproximadamente
5%, tal como aproximadamente 2,5%, en peso en base al peso total de la
composiciéon. La cantidad de este principio activo también se puede expresar
como la cantidad en una forma farmacéutica unitaria (p. €j., un comprimido). En tal
caso, la cantidad de naloxona/sal que puede estar presente puede ser suficiente
para proporcionar una dosis de naloxona (calculada como la base libre) por forma
farmacéutica unitaria que esta en el intervalo de entre aproximadamente 0,125 mg
y aproximadamente 12,5 mg, tal como aproximadamente 0,19 mg (p. €],
aproximadamente 0,25 mg) a aproximadamente 3 mg, tal como aproximadamente
2,5 mg (p. €j., aproximadamente 1,75 mg). Las dosis de naloxona individual por
comprimido que se puede mencionar incluyen aproximadamente 2,9 mg,

aproximadamente 2,2 mg, aproximadamente 1,4 mg, aproximadamente 0,7 mg y
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aproximadamente 0,4 mg.

Aunque para las composiciones de la invencién que contienen naloxona se
prefiere que la proporcién de la dosis de buprenorfina:naloxona se mantenga en
aproximadamente 4:1, las dosis mencionadas anteriormente son ejemplos del
caso medio; por supuesto, puede haber casos individuales en los que se prefieran
dosis mayores o menores y estas estan dentro del alcance de la presente
invencién.

Las composiciones de la invencidon, una vez preparadas, se
comprimen/compactan directamente en formas farmacéuticas unitarias (p. ej.,
comprimidos) para administrar a pacientes mamiferos (p. ej., seres humanos), por
ejemplo como se ha descrito anteriormente en el presente documento.

Las composiciones de la invencién pueden estar en forma de polvos o, mas
preferentemente, comprimidos para, p. ej., administracion sublingual. Los
comprimidos también pueden comprender un aglutinante. Un aglutinante se puede
definir como un material que es capaz de actuar como un potenciador de la
formacion de ligazén, facilitando la compresion de la masa en polvo en compactos
consistentes. Aglutinantes adecuados incluyen goma de celulosa y celulosa
microcristalina. Si estan presentes, los disgregantes y/o superdisgregantes se
usan, preferentemente, en una cantidad de entre 0,5 y 20% en peso en base al
peso total de la formulacién del comprimido. Un intervalo preferido es de 1 a 15%,
tal como de aproximadamente 2,0 a aproximadamente 12% (p. ej.,
aproximadamente 10%) en peso.

Aditivos y/o excipientes adicionales adecuados que se pueden usar en las
composiciones de la invencion, en particular aquellas en forma de comprimidos
para, por ejemplo, administracion sublingual, pueden comprender:

(a) lubricantes (tales como estearato de magnesio, o, preferentemente,
fumarato de estearilo sédico);

(b) aromatizantes (p. e€j., limén, polvo de menta piperita o,

preferentemente, mentol), edulcorantes (p. ej., heohesperidina, acesulfamo K o,
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preferentemente, sucralosa) y colorantes.

(c) antioxidantes, que pueden ser de origen natural o, de otro modo (p.
€j., hidroxitolueno butilado (BHT), vitamina C, vitamina E, B-caroteno, acido Urico,
uniquion, superéxido dismutasa (SOD), glutatién peroxidasa o peroxidasa
catalasa); y/o

(d) otros ingredientes, tales como agentes vehiculo, conservantes y
agentes deslizantes (p. €j., silice coloidal).

Las composiciones de la invencion pueden prepararse mediante técnicas
estandar y usando equipos estandar, conocidos para los expertos en la técnica.

Cuando se presentan en forma de mezclas interactivas, particulas de, p. €j.,
buprenorfina/sal pueden mezclarse en seco con particulas vehiculo adecuadas
durante un periodo de tiempo que sea lo suficientemente largo como para permitir
que cantidades adecuadas de los respectivos ingredientes activos se adhieran a la
superficie de las particulas vehiculo. Esto también se puede aplicar a otros
principios activos y/o excipientes definidos anteriormente en el presente
documento.

El experto apreciara que, con el fin de obtener una formulacién en polvo seco
en forma de una mezcla interactiva, las particulas vehiculo mas grandes deben ser
capaces de ejercer una fuerza suficiente como para romper los aglomerados de
particulas mas pequefas. Esta capacidad se determinara principalmente mediante
la densidad de particula, la aspereza de la superficie, la forma, la fluidez y, en
particular, los tamanos relativos de las particulas.

A este respecto se puede usar equipo de mezclado estandar. Es probable
que el periodo de tiempo de la mezcla varie de acuerdo con el equipo usado y el
experto no tendra dificultades para determinar mediante experimentacion rutinaria
un tiempo de mezclado adecuado para una combinacién dada del ingrediente
activo y el o los materiales de particulas vehiculo.

Las mezclas interactivas también se pueden proporcionar usando técnicas

distintas del mezclado en seco, que los expertos en la materia conoceran bien.
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Como alternativa se pueden incorporar otros ingredientes mediante
mezclado estandar u otros principios de formulacién.

Las composiciones de la invencién pueden administrarse por

via
transmucosa, tal como bucal, rectal, nasal o preferentemente, sublingual,
mediante los medios de dosificacion adecuados conocidos para los expertos. Un
comprimido sublingual se puede colocar debajo de la lengua y los principios
activos se absorben a través de las membranas mucosas circundantes.

A este respecto, las composiciones de la invenciéon se pueden incorporar en
varias clases de preparaciones farmacéuticas destinadas para administracion
transmucosa (p. ej., sublingual) usando técnicas estandar (Véase, por ejemplo,
Lachman et al, “The Theory and Practice of Industrial Pharmacy”, Lea & Febiger,
32 edicion (1986) and “Remington The Science and Practice of Pharmacy”,
Gennaro (ed.), Philadelphia College of Pharmacy & Sciences, 192 edicién (1995)).

Las preparaciones farmacéuticas para administracion sublingual se pueden
obtener combinando las composiciones de la invencidon con aditivos y/o
excipientes farmacéuticos convencionales usados en la técnica para dichas
preparaciones y, después, preferentemente, comprimirse/compactarse
directamente en formas farmacéuticas unitarias (p. €j., comprimidos). (Véase, por
ejemplo, Pharmaceutical Dosage Forms: Tablets. Volumen 1, 22 Edicion,
Lieberman et al (eds.), Marcel Dekker, New York and Basel (1989) p. 354-356 y
los documentos citados en los mismos.) Equipo de compactacion adecuado
incluye maquinas de formacién de comprimidos estandar, tales como Kilian
SP300, el Korsch EKO, el Korsch XP1, the Korsch XL100 o el Korsch
PharmaPress 800

Los pesos de los comprimidos sublinguales finales adecuados estan en el
intervalo de aproximadamente 30 a aproximadamente 400 mg, tal como
aproximadamente 40 (p. €j., aproximadamente 50) a aproximadamente 300 mg (p.
gj., aproximadamente 250 mg, tal como aproximadamente 200 mg), por ejemplo
aproximadamente 50 (p. ej., aproximadamente 60) a

180 mg, mas
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preferentemente entre aproximadamente 60 (p. ej., aproximadamente 70) and
aproximadamente 160 mg. Diametros de comprimidos finales adecuados estan en
el intervalo de aproximadamente 3 a aproximadamente 12 mm, por ejemplo
aproximadamente 4 a aproximadamente 10 mm, y mas preferentemente
aproximadamente 5 a aproximadamente 9 mm. Espesores de comprimidos finales
adecuados estan en el intervalo de aproximadamente 0,5 mm a aproximadamente
4 mm, tal como aproximadamente 1,5 mm a aproximadamente 3 mm. Son
posibles varias formas de comprimidos (p. ej., circular, triangular, cuadrada,
romboide, poligonal u ovalada). Durezas adecuadas de los comprimidos incluyen
resistencias a la rotura por compresién en el intervalo de aproximadamente 10N a
aproximadamente 100N, por ejemplo aproximadamente 15N a aproximadamente
50N (dependiendo del tamario y/o el peso del comprimido), de acuerdo con el
procedimiento <1217> de la Farmacopea USP.

Con independencia de lo anterior, las composiciones de la invenciéon que
comprenden disgregantes (u otros excipientes que funcionan mediante
hinchamiento) deben carecer esencialmente (p. €j., menos de aproximadamente
20% en peso en base al peso total de la formulacién) de agua. Sera evidente para
el experto que la hidratacion "prematura” disminuird espectacularmente el
rendimiento de una formulacién en comprimido en uso y puede dar lugar a la
disolucion prematura de los ingredientes activos.

Siempre que la palabra “aproximadamente” se usa en el presente documento
en el contexto de las dimensiones (p. ej., tamafios y pesos de los comprimidos,
tamafios de las particulas etc.), cobertura de la superficie (p. €j., de las particulas
vehiculo por las particulas de los ingredientes activos), cantidades (p. ej.,
cantidades relativas de constituyentes individuales en una composicion o
componente de una composicion y dosis absolutas (incluyendo las proporciones)

de ingredientes activos), temperaturas, presiones, tiempos, valores de pH,
concentraciones, se apreciara que dichas variables son aproximadas y como tal

pueden variar en un = 10%, por ejemplo * 5% y preferentemente + 2% (p. €j.,

o
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1%) de los nimeros especificados en el presente documento. Siempre que la
palabra “aproximadamente” se usa en el presente documento en el contexto de las
propiedades farmacocinéticas (Cmax, tmax, AUC),etc., se apreciara que dichas
variables son aproximadas y como tal pueden variar en un + 15%, tal como + 10%.

Las composiciones de la invencién pueden administrarse mediante medios
de dosificacién adecuados conocidos para los expertos en la técnica. Por ejemplo,
un comprimido sublingual se puede colocar debajo de la lengua y los ingredientes
activos se absorben a través de las membranas mucosas circundantes.

Los inventores han encontrado que las composiciones de la invencion,
sorprendentemente, dan lugar a una biodisponibilidad significativamente mejorada
para buprenorfina en comparacion con las formulaciones disponibles
comercialmente en la técnica anterior. Esto significa que formulaciones con dosis
unitarias menores de buprenorfina se pueden administrar mediante las
composiciones de la invencién, de modo que reduciendo el “valor de la calle” a un
solo comprimido cuando comprende una composicién de la invencion, siendo
necesarios mas de uno de estos comprimidos para proporcionar el mismo efecto
cuando se administran ilegalmente por via parenteral (es decir, en términos “de la
calle”, el mismo “chute”). Esto significa que es menos probable que se abuse de
las composiciones de la invencion que de las formulaciones comercialmente
disponibles de la técnica anterior (véase Comer et al, Addiction, 105, 709-718
(2010)).

Adicionalmente, los inventores han encontrado que las composiciones de la
invencion que comprenden naloxona, sorprendentemente, también dan lugar a
una biodisponibilidad significativamente (y simultdneamente con la buprenorfona)
mejorada para naloxona en comparacion con las formulaciones disponibles
comercialmente en la técnica anterior.

Por tanto y sorprendentemente, las composiciones de la invencion que
comprenden naloxona dan lugar a grados de biodisponibilidad mejorada similares

y casi paralelos para buprenorfina y naloxona, lo que significa que la proporcion
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“optima” entre buprenorfina y naloxona, a la que se ha llegado para reducir el
potencial de abuso (véase, por ejemplo, Mendelson and Jones, Drug and Alcohol
Dependence, 70, 829 (2003)), se puede mantener y. por tanto, se pueden
disminuir las dosis de ambos ingredientes activos en un grado equivalente para
conservar la misma proporcion.

De acuerdo con un aspecto adicional de la invencién se proporciona un
procedimiento de tratamiento de la dependencia de y/o adiccién a los opioides en
un ser humano,

- procedimiento que comprende la administracién sublingual a un paciente
humano que sufre dependencia y/o adicciéon de opioides de

- al menos una dosis unitaria de una composicion farmacéutica (p. €j., un
comprimido) que comprende buprenorfina o una sal farmacéuticamente aceptable
de la misma, en combinacién con naloxona o una sal farmacéuticamente
aceptable de la misma, en aproximadamente una proporcién de la dosis de
buprenorfina:naloxona de 4:1 (calculada como bases libres),

- - en el que dicha composicion de dosis unitaria comprende una dosis de
buprenorfina que es aproximadamente un 75% de la de un comprimido de mezcla
aleatoria comprimida (RMC) que comprende buprenorfina, y

- procedimiento que alcanza, fras una dosis inicial en un programa
terapéutico dado, un perfil concentraciéon en plasma - tiempo para buprenorfina
(y/o naloxona) que es esencialmente equivalente al/los exhibidos por dichos
comprimidos RMC.

"Comprimidos RMC” incluyen, entre otros, el producto en comprimidos
comercialmente disponible Suboxone® (NDA No. 20-733, fecha de autorizaciéon 8
de octubre de 2002; buprenorfina, concentracion de 2 mg (n° de producto 001,
peso real aproximadamente 100 mg) y 8 mg (n° de producto 002; peso real
aproximadamente 400 mg)). Los comprimidos de 8 mg (al menos) tienen una
resistencia media a la rotura por compresioén (procedimiento <1217> de Ia

Farmacopea de EE.UU.) de aproximadamente 127 N. Por tanto, las resistencias
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de los comprimidos RMC estan en el intervalo de aproximadamente 80 a
aproximadamente 180 N. Los comprimidos RMC se forman mediante compresion
de una mezcla aleatoria, preparada mediante granulacién en himedo, de una
mezcla estandar que comprende buprenorfina clorhidrato, naloxona clorhidrato
dihidrato, lactosa monohidrato, manitol, almidéon de maiz, povidona K30, acido
citrico (anhidro granular), citrato sédico, aroma a limén natural y lima, acesulfamo
potasico y estearato de magnesio.

Por un “perfil concentracion en plasma - tiempo para buprenorfina y/o
naloxona que es esencialmente equivalente alllos exhibidos por dichos
comprimidos RMC”, los inventores incluyen que, tras una dosis en un programa
terapéutico dado, uno o mas de:

(i) la concentracién maxima en plasma (Cmax); y/o

(ii) el tiempo hasta la concentracion maxima en plasma (tmax); y/o

(iif) el area total bajo la curva concentraciéon en plasma — tiempo desde el
tiempo cero al tiempo de la tltima concentracion en plasma medida (AUCt); y/

(iv) el area bajo la curva concentracién en plasma — tiempo desde el tiempo
cero al tiempo de la udltima concentracién extrapolada al infinito en base a la
velocidad de eliminacién constante (AUCInNf),

medidos por medios de seguimiento farmacocinético estandar, p. ej., como
se describe en el Ejemplo 2 mas adelante en el presente documento, para
naloxona y/o, mas preferentemente, para buprenorfina, estd entre
aproximadamente 80% y aproximadamente 125% de los valores correspondientes
obtenidos para los comprimidos RCM mencionados anteriormente.

Por tanto, tras una dosis inicial en un programa terapéutico dado, para los
comprimidos que comprenden wuna dosis de buprenorfina que es
aproximadamente un 75% de un comprimido RMC que comprende 8 mg de
buprenorfina puede haber

(i) una Cmax de entre aproximadamente 3,0 ng/ml y aproximadamente 5,6

(tal como aproximadamente 4,5) ng/ml; y/o
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(i) un tmax que es menor de aproximadamente 3 horas, preferentemente
menor de aproximadamente 2 horas; y/o

(i) una AUCInf que es menor de aproximadamente 25 ng.h/ml a
aproximadamente 40 ng.h/ml, tal como aproximadamente 28 ng.h/ml a
aproximadamente 36 ng.h/m,

para buprenorfina; y/o

(a) una Cmax de entre aproximadamente 150 pg/ml y aproximadamente 300
(tal como aproximadamente 250) pg/ml; y/o

(b) un tmax que es inferior a aproximadamente 1 hora,

para naloxona.

De acuerdo con un aspecto adicional de la invencion se proporciona un
procedimiento de tratamiento de la dependencia y/o adiccién a los opioides en un
ser humano,

- procedimiento que comprende la administracion sublingual a un paciente
humano que sufre dependencia y/o adiccion de opioides de

- al menos una dosis unitaria de una composicién farmacéutica (p. €j., un
comprimido) que comprende buprenorfina o una sal farmacéuticamente aceptable
de la misma, en combinacidon con naloxona o una sal farmacéuticamente
aceptable de la misma, en aproximadamente una proporciéon de la dosis de
buprenorfina:naloxona de 4:1 (calculada como bases libres),

- - en el que dicha composicién de dosis unitaria comprende una dosis de
buprenorfina que es aproximadamente un 75% la de un comprimido RMC como se
ha definido anteriormente en el presente documento, y

- procedimiento que alcanza, tras una dosis inicial en un programa
terapéutico dado, una biodisponibilidad media relativa en comparacién con dichos
comprimidos RMC que es:

(A) de aproximadamente 1,2 a aproximadamente 1,6 para buprenorfina; y/o

(B) de aproximadamente 1,2 a aproximadamente 2,0 para naloxona.

De acuerdo con un aspecto adicional de la invencién se proporciona un
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procedimiento de tratamiento de la dependencia y/o adiccién de opioides en un ser
humano, comprendiendo el procedimiento la administracion sublingual a un
paciente humano que sufre dependencia de y/o adiccién a opioides de al menos
una dosis unitaria de una composicion farmacéutica (p. €j., un comprimido) que
comprende buprenorfina o una sal farmacéuticamente aceptable de la misma, en
combinacion con naloxona o una sal farmacéuticamente aceptable de la misma,
en el que dicho comprimido comprende una dosis de buprenorfina o sal de la
misma que es de aproximadamente 6 mg o aproximadamente 1,5 mg, y la
proporcion de la dosis de buprenorfina:naloxona es de aproximadamente 4:1
(calculado como la base libre).

Las composiciones de la invencion también pueden dar lugar a una
proporcion norbuprenorfina:buprenorfina menor en plasma en comparacion con las
formulaciones disponibles comercialmente de la técnica anterior. Una proporcion
norbuprenorfina:buprenorfina menor también se observa tras la administracion
sublingual de una solucién en etanol en comparacién con una formulacion en
comprimido (véase Harris et al, Clin. Pharmacokinet., 43, 329 (2004)) a medida
que la dosis se incrementa, lo que sugiere que se estd tragando menos
buprenorfina. Ademas, se encuentra menos norbuprenorfina en el plasma tras la
administracién parenteral en comparaciéon con la administracién sublingual
(Sigmon et al, Addiction, 101, 420 (2005)), lo que avala la idea de que la
norbuprenorfina se forma a partir de buprenorfina ingerida mediante el
metabolismo de primer paso por el higado. Por tanto, la menor proporcion
norbuprenorfina:buprenorfina notificada en el presente documento puede ser un
reflejo del hecho de que se absorbe mas buprenorfina por la mucosa sublingual (y,
por tanto, se ingiere menos) que con las formulaciones (p. ej., comprimido RMC)
comercialmente disponibles de la técnica anterior. También puede haber
beneficios de la reducciéon de la proporcién norbuprenorfina:buprenorfina per se,
tal como menor depresion respiratoria (véase Megarbane et al, Toxicology and

Applied Phamacology, 212, 256 (2006)).
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De acuerdo con un aspecto adicional de la invencion, también se proporciona
un procedimiento de tratamiento de la dependencia de y/o adiccion a opioides en
un ser humano, comprendiendo el procedimiento la administracion sublingual de
una composicion farmacéutica que comprende buprenorfina o una sal
farmacéuticamente aceptable de la misma en combinacién con naloxona o una sal
farmacéuticamente aceptable de la misma en wuna proporcion de
buprenorfina:naloxona de aproximadamente 4:1 (calculada como la base libre), en
el que dicha composicion comprende una dosis de buprenorfina que es
aproximadamente un 75% de la del comprimido RMC como se ha definido
anteriormente en el presente documento, a un paciente humano que sufre
dependencia de y/o adiccién a opioides, en el que dicha formulacién alcanza, tras
una dosis inicial en un programa terapéutico dado, una proporcion de
concentraciones en plasma de norbuprenorfina/buprenorfina inferior a
aproximadamente 0,8 en base a AUC244:1 (calculado como la base libre).

Dichos procedimientos pueden comprender la administracion de una
composicion de la invencién como se ha definido en el presente documento.

Por “un programa terapéutico dado”, los inventores quieren decir cualquier
curso de tratamiento de un paciente con una composicién de la invencién.

Sin desear quedar limitado por la teoria, se entiende que las composiciones
de la invencion dan Ilugar a dicha sorprendentemente incrementada
biodisponibilidad cuando se comparan con las formulaciones comercialmente
disponibles de la técnica anterior, p. €j., comprimidos RMC, tales como Suboxone,
por el efecto de tiempo sobre el pH, en el que el pH se disminuye como se ha
descrito anteriormente en el presente documento durante un periodo de tiempo
corto (p. €j., entre aproximadamente 1 y aproximadamente 3 minutos) tras la
administracion sublingual, lo que tiene como resultado una disolucién mas rapida
y/o mejorada de microparticulas de burprenorfina. Aunque dicha disolucién podria
esperarse que mejorara disminuyendo el pH, lo que es completamente inesperado

es que el grado de absorcion por la mucosa sublingual no parece disminuir. Cabria
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esperar que la disminucién del pH local diera lugar a la presencia de mas
burprenorfina en estado ionizado en el lugar de la absorcion, lo que a su vez se
esperaria que disminuyera el grado de absorcion a través de la mucosa
sublingual. El hecho de que la biodisponibilidad es mejor por dosis unitaria de
buprenorfina para las composiciones de la invencién que para las composiciones
de la técnica anterior es, de hecho, muy importante.

De acuerdo con un aspecto adicional de la invencién, se proporciona una
composicion farmacéutica que comprende microparticulas de buprenorfina o una
sal farmacéuticamente aceptable de la misma y particulas de un acido débil o de
materiales formadores de tampdn débilmente acido, que se caracteriza porque la
composicion exhibe en un procedimiento de disolucion en embudo de volumen
pequenio in vitro, por ejemplo como se describe en el Ejemplo 5 mas adelante en

el presente documento:

a) un descenso de pH de aproximadamente 0,5 a aproximadamente 5
unidades de pH;
b) un descenso maximo de pH en aproximadamente 1 minuto desde el

inicio del procedimiento; y

C) un retorno al pH inicial (£0.5) en aproximadamente 3 minutos.

De acuerdo con un aspecto adicional mas de la invencién, se proporciona
una composicién farmacéutica que comprende microparticulas de buprenorfina o
una sal farmacéuticamente aceptable de la misma, y particulas de un acido débil o
particulas de materiales formadores de tampén débilmente acido, que se
caracteriza porque la composicion permite la provisién (en el lugar de la
administracion) de un pH entre aproximadamente 4,0 y aproximadamente 6,5 (p.
ej., menos de aproximadarhente 6,25), y el mantenimiento del pH dentro de este
intervalo durante un periodo de tiempo adecuado (p. €j., aproximadamente 30
segundos, tal como aproximadamente 1 minuto) a aproximadamente 3 minutos (p.
ej., aproximadamente 2 minutos, tal como aproximadamente 1,5 minutos), para

facilitar la disolucion de, en particular, las microparticulas de buprenorfina, y/o la

772
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absorcién de buprenorfina a través de la mucosa sublingual después.

Sorprendentemente, las composiciones de la invencién que comprenden
naloxona dan lugar a grados de biodisponibilidad mejorada similares y casi
paralelos para buprenorfina y naloxona, lo que significa que la proporcién “6ptima”
entre buprenorfina y naloxona, a la que se ha liegado para reducir el potencial de
abuso (vease, por ejemplo, Mendelson and Jones, Drug and Alcohol Dependence,
70, 829 (2003)), se puede mantener y. por tanto, se pueden disminuir las dosis de
ambos ingredientes activos en un grado equivalente para conservar la misma
proporcién.

Las composiciones de la invencién son Utiles en el tratamiento de la
dependencia de y/o adiccion a opioides Las composiciones de la invencion
también pueden ser dtiles en el tratamiento del dolor (incluyendo el dolor leve,
moderado y grave).

De acuerdo con tres aspectos mas de la invencién, se proporciona:

() un procedimiento de tratamiento de la dependencia y/o adiccién a los
opioides;

(i) un procedimiento de tratamiento del dolor; y

(iii) un procedimiento de tratamiento tanto del dolor como de la

dependencia y/o adiccién de/a los opioides;

procedimientos que comprenden la administracion de una composicién de la
invencion a una persona que sufre las afecciones correspondientes, o que es
propensa a las mismas.

Las composiciones de la invenciéon también se pueden administrar en la fase
de induccion (es decir, el inicio) del tratamiento con buprenorfina, administrandose
la buprenorfina una vez que un individuo adicto a los opioides se ha abstenido de
usar opioides durante aproximadamente 12-24 horas y esta en las etapas
tempranas de la abstinencia de los opioides.

De acuerdo con un aspecto adicional de la invencién se proporciona un

procedimiento de tratamiento de la dependencia de y/o adiccion a opioides,
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comprendiendo el procedimiento la administracién de una composicion de la
invencién a un individuo que se ha abstenido de usar opioides durante al menos
aproximadamente 12 horas y/o esta en las etapas tempranas de la abstinencia de
opioides.

Por “tratamiento” del dolor, los inventores incluyen el tratamiento terapéutico,
asi como el tratamiento sintomatico y paliativo de la afeccién. No obstante, por
tratamiento” de la dependencia y/o adiccion de/a los opioides, los inventores
incluyen también la profilaxis o el diagnéstico de la afeccion relevante ademas del
tratamiento terapéutico, sintomatico y paliativo de la afeccion. Esto es porque
usando buprenorfina en el tratamiento del dolor, las composiciones de la invencién
pueden prevenir el desarrollo de dependencia y/o adiccién de/a los opioides.

Las composiciones de la invencion permiten la produccién de formas de
farmacéuticas unitarias que son faciles y baratas de fabricar y que permiten la
rapida liberacién y/o la rapida captacion de los ingredientes activos usados a
través de la mucosa, tal como la mucosa oral, de modo que se permite el alivio
rapido de los sintomas, como los descritos anteriormente en el presente
documento.

Las composiciones de la invencion también tienen la ventaja de que, si se las
inyecta un adicto a los opioides, no producen los efectos euféricos que busca el
adicto y, de hecho, inducen sintomas de abstinencia de los opioides.

Las composiciones de la invencion también pueden tener la ventaja de que
se pueden preparar usando procedimientos de procesamiento farmacéuticos
establecidos y usan materiales que estan aprobados para usar en alimentos o
sustancias farmacéuticas o de estado regulador similar.

Las composiciones de la invencion también pueden tener la ventaja de que
son mas eficaces, menos téxicas y de accidon mas prolongada, mas potentes,
producen menos efectos secundarios, se absorben mas facilmente, poseen una
mejor aceptabilidad por el paciente, tienen un perfil farmacocinético mejor y/o

tienen otras propiedades farmacolégicas, fisicas o quimicas mas utiles que las
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composiciones farmacéuticas conocidas de la técnica anterior, sea para usar en el
tratamiento de la adiccion a opioides o del dolor o de otras cosas.

La invencion se ilustra mediante los siguientes ejemplos con referencia a las
figuras adjuntas en las que los perfiles concentracion en plasma-tiempo del analito
se presentan en graficas de escala lineal para buprenorfina (Figura 1),
norbuprenorfina (Figura 2) y naloxona (Figura 3) tras la administracion sublingual
de comprimidos que comprenden una composicion de la invencion (rombos) y el
comparador comercialmente disponible, Suboxone® (cuadrados); la Figura 4
muestra un perfil de pH sublingual in vivo obtenido para una composicién placebo
(analoga a la preparada de acuerdo con la invencién); la Figura 5 muestra los
perfiles comparativos del pH in vitro para la composicion de la invencion frente a
Suboxone y otros comparadores en un ensayo de disolucién en embudo de
volumen pequefio; las Figuras 6 y 7 muestran la liberacion de buprenorfina y
naloxona, respectivamente, de las composiciones a las que se hace referencia en
la Figura 5; la Figura 8 muestra perfiles de pH comparativos in vitro pH para las
composiciones de la invencion frente a otros comparadores en un ensayo de
disolucién en embudo de volumen pequefio; y la Figura 9 muestra la liberacién de

buprenorfina de las composiciones a las que se hace referencia en la Figura 8.

Ejemplo 1

Comprimidos sublinguales de buprenorfina/naloxona |

Naloxona clorhidrato dihidrato (Macfarlan Smith, Edinburgo, RU) vy
buprenorfina clorhidrato (Macfarlan Smith, Edinburgo, RU) se micronizaron usando
un molino de chorro de aire (Pilotmill-1/Food and Pharma Systems, Italia). El
tamafio de particula media en base al volumen (diametro) de la buprenorfina fue

de 3,4 umy el de la naloxona fue de 4,6 um.

Se mezclaron 9,15 g de la naloxona clorhidrato dihidrato micronizada junto

con celulosa microcristalina (47,50 g; AvicelTM PH102 (tamafo medio de particula
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100 ym), FMC Biopolymer, Cork, Irlanda) y croscarmelosa sédica (18,00 g;
AcDiSolTM, FMC Biopolymer) en un mezclador de tambor (Turbula, WAG, Suiza)
durante 40 horas.

Se mezclaron 32,40 g de la buprenorfina clorhidrato micronizada junto con
manitol (314,20 g; PearlitolTM 200SD, Roquette, Lestrem, Francia), acido citrico
tamizado (15,00 g; granulos finos de calidad 16/40, DSM, Suiza, Basilea) y citrato
sodico tamizado (para evitar la aglomeracion) (48,75 g) EmproveTM cryst., Merck,
Darmstadt, Alemania) en un mezclador de tambor durante 40 horas.

Se machaco6 mentol (5,00 g; EmproveTM cryst., Merck) en mortero hasta que
se form6 un polvo fino. Este y también acesulfamo potasico (5,00 g; Sunett
Pharma D, Nutrinova, Kelsterbach, Alemania) y silice coloidal anhidra (5,00 g;
AerosilTM 200 Pharma, Evonik Degussa, Hanau-Wolfgang, Alemania) se
anadieron tamizando a la mezcla previa de buprenorfina, junto con la premezcla
de naloxona y todo se mezclé en un mezclador de tambor durante 1 hora.

Después se afadié fumarato de estearilo y sodio (10,00 g; PruvTM, JRS
Pharma, Polanco, Swain) tamizando a esta mezcla y continué el mezclado en el
mezclador de tambor durante 5 minutos.

Después, la mezcla en polvo final se comprimié formando comprimidos en
una maquina para ello (Korsch XP1) equipada con punzones redondos de 7 mm
de cara plana con cortes radiales en el borde obteniendo un peso del comprimido

de 102 mg y una resistencia a la rotura por compresion del comprimido de 35 N.

Ejemplo 2

Ensayo clinico

Los comprimidos del ejemplo 1 se administraron por via sublingual en un
estudio de grupos cruzados abierto y de 2 periodos con una secuencia de

tratamiento aleatorizado.

El estudio comprendié una visita de seleccién realizada 28 dias antes del



10

15

20

25

35

primer tratamiento, dos periodos de tratamiento, cada uno de 4 dias de duracién
(dia -1 a dia 3) y un periodo de lavado de al menos 10 dias entre periodos de
tratamiento. Durante los periodos de tratamiento, los sujetos ingresaron en la
unidad cinica por la mafiana antes de la primera dosis (dia -1) y permanecieron alli
hasta la finalizacién de los procedimientos del dia 3. Se realizd una visita de
seguimiento de 5 a 10 dias después de la finalizacion de la segunda
administracién del producto médico en investigacion (PMI).

Los PMI eran comprimidos sublinguales preparados de acuerdo con el
ejemplo 1 (6 mg de buprenorfina/1,5 mg de naloxona; en lo sucesivo “formulacion
de la invencion”) y, como producto de referencia, Suboxone comprimidos
sublinguales (8 mg de buprenorfina/2 mg de naloxona; Reckitt Benckiser
Healthcare Ltd, Hull, UK). El tratamiento con la formulaciéon de la invencién, o
Suboxone (1 comprimido) en periodos alternos fue abierto y se administro el dia 1
en cada periodo de tratamiento.

Los comprimidos de naltrexona (Nalorex®, 50 mg, Bristol-Myers Squibb
Pharmaceuticals Ltd; Uxbridge, RU) se administraron por via oral (un comprimido
de 50 mg), a -24 a -16 horas, -1 hora (5 minutos) y +24 horas (x1 hora) en
relacién con la administracion del PEI, como un bloque de naltrexona en el estudio
(con el fin de aliviar los efectos secundarios de los opioides durante el estudio).

Se reclut6é a dieciocho voluntarios masculinos sanos de edades
comprendidos entre los 18 y los 50 afios de edad. Estos recibieron ambos
tratamientos y fueron evaluados. La media de edad era de 29,8 afios y las edades
variaban entre los 19 y los 49 arios. Todos los sujetos eran caucasicos. El peso
medio era de 78,16 kg y variable de 63,0 a 93,5 kg, El indice de masa corporal
medio de los sujetos fue 25,05 kg/m2 y vari6é de 20,7 a 28,9 kg/m?.

Todos los sujetos (a excepcion de uno) comunicaron un uso de alcohol
actual que variaba de 1 a 20 unidades a la semana. Ninguno de los sujetos era
fumador actual. Todos los sujetos notificaron el uso actual de cafeina de 1 a 5

tazas o latas al dia. Ningin sujeto habia sido tratado con opioides en el afo
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anterior a la seleccion.

Ningun sujeto notificd ninguna medicacion previa al estudio (tomada en las 2
semanas anteriores a la seleccion). Un sujeto notifico el uso en curso de
antihistaminicos para uso sistémico mediante comprimido o capsula oral para
tratar la rinitis alérgica estacional.

La medicacion del ensayo se administré en el ambulatorio bajo la supervision
del personal médico.

Todos los sujetos reclutados en el estudio y que recibieron al menos una
dosis de medicacion del estudio. Todos los sujetos aleatorizados que recibieron al
menos un tratamiento, tenian al menos un perfil plasmatico evaluable y no tenian
ninguna desviacion importante del protocolo que pudiera tener un efecto sustancial
sobre el perfil de concentraciéon plasmatica de la buprenorfina, norbuprenorfina o
naloxona, tal como:

* deglucién de la medicacion del estudio (se aplica a la formulacién de la
invencion y a Suboxone)

* vdmitos en las 4 horas posteriores a la administracién de cualquiera de los
tipos de comprimido

* tener una concentracién cuantificable predosis que sea > 5% de la Cmax de
un sujeto

Todos los sujetos aleatorizados que recibieron al menos un tratamiento y
tenian datos de disgregacion o aceptabilidad de al menos un tratamiento.

Las variables farmacocinéticas (FC) se basaron en las concentraciones
plasmaticas de buprenorfina, norbuprenorfina (un metabolito de la buprenorfina) y
naloxona y se calcularon usando procedimientos no compartimentales estandar. El
analisis FC no compartimental se realizé usando WinNonlin™ Professional version
5.2. Cuando los datos lo permitieron, se determinaron los parametros siguientes:

* tetardo tiempo de retardo antes del inicio de la absorcion.

*Cmax concentracion plasmatica maxima

) tiempo transcurrido hasta la concentracion plasmatica maxima
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* AUCo+area total bajo la curva concentracion en plasma — tiempo desde el
tiempo cero al tiempo de la Gltima concentracion en plasma cuantificable

* AUCo.48 area bajo la curva concentracion plasmatica desde el tiempo
cero a las 48 horas después de la dosis

«IM  indice metabélico

Ademas, la biodisponibilidad relativa (Frel) de la formulacién de la invencién
a Suboxone se obtuvo en base a los datos FC ajustados segun la dosis.

| Los sujetos se clasificaron como evaluables o no evaluables con respecto a
la evaluacion FC por el farmacocinetista después de explorar los perfiles FC de los
sujetos y teniendo en cuenta las desviaciones con respecto a los indicados
anteriormente. Los analisis FC basados en la poblaciéon FC incluyeron solo a los
sujetos con datos FC evaluables.

Los tiempos de obtenciéon de muestras de sangre reales para buprenorfina,
norbuprenorfina y naloxona se convirtieron en un tiempo desde la dosis (tiempo
transcurrido). Los tiempos transcurridos fueron enumerados por el sujeto para
cada tratamiento, junto con las concentraciones de buprenorfina, norbuprenorfina
y naloxona individuales. Los tiempos transcurridos se usaron en el analisis FC.

Las concentraciones de buprenorfina, norbuprenorfina y naloxona se
resumieron mediante estadistica descriptiva del nimero de muestras que faltaban,
el numero de muestras menores que el limite de cuantificacion inferior (<LOQ), n,
la media aritmética, SD, CV(%), la media geométrica, los intervalos de confianza
del 95% (IC) para la media aritmética, la mediana, el minimo y el maximo Todas
las concentraciones de buprenorfina, norbuprenorfina y naloxona <LOQ se fijaron
en cero para el fin de calcular la estadistica descriptiva. Si en algun punto de
tiempo 1/3 o mas de los sujetos tenian valores <LOQ no se calculé la estadistica
descriptiva.

Los parémetr_os FC Cmax, AUCq.t y AUCy.45 de buprenorfina, norbuprenorfina y
naloxona se compararon entre los tratamientos usando un analisis de efectos

mixtos de la varianza (ANOVA).
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La media aritmética (+SEM) y los perfiles de concentracion en plasma-tiempo
del analito se presentan en graficos a escala lineal para cada analito en las
Figuras 1 (buprenorfina), 2 (norbuprenorfina) y 3 (naloxona) con ambos
tratamientos incluidos en cada grafico. En estas figuras se puede ver que tanto la
buprenorfina como la norbuprenorfina tras la administraciéon de la formulacién de la
invencion (rombos) y Suboxone (cuadrados), las concentraciones en plasma de
los tres analitos aumentaban a un maximo y después disminuian de un modo
bifasico.

En relacion con otros parametros FC:

(i) De media, el tiempo de retardo fue ligeramente mas corto después
del tratamiento con la formulacién de la invencién en comparacién con Suboxone
en 15% para buprenorfina, 29% para norbuprenorfina y 34% para naloxona.

(i) El intervalo de los tiempos a los que se alcanzaron las
concentraciones maximas (tmax) fue similar entre los tratamientos para todos los
analitos. La mediana de los valores de tmax fue inferior o igual a 1 hora para
buprenorfina y naldxona, lo que indica una rapida absorcion sublingual tras la
administraciéon de la formulacibn de la invencibn y Suboxone. Para
norbuprenorfina, el ty.x fue generalmente similar al de la buprenorfina después de
ambos tratamientos, loo que indica que el metabolismo de la de buprenorfina a
norbuprenorfina era rapido.

(iii) Las proporciones medias de los metabolitos superaban 0,5, lo que
indica una extensa conversidon metabdlica de buprenorfina a norbuprenorfina,
siendo la conversion del 31% inferior tras la administracion de la formulacion de la
invencion en comparacion con Suboxone. Este resultado es significativo, ya que
significa que se absorbe mas buprenorfina por via sublingual en el caso de la
formulacién de la invencién;

(iv) las dosis de buprenorfina y naloxona fueron menores en la
formulacién de la invencién, pero la exposicion sistémica media, en términos de

Cmax y AUC, de buprenorfina y naloxona fue superior cuando se comparé a la de
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Suboxone, y, como se ha indicado anteriormente, los valores fueron menores para
norbuprenorfina; y

v)

Las biodisponibilidades relativas medias de la formulacion de la
invencion, respecto a Suboxone fueron 1,659 y 2,056 para buprenorfina y
naloxona respectivamente, lo que indica que la exposicion sistémica normalizada
por la dosis era mas alta tras la administracion de la formulacién de la invencién.
Para norbuprenorfina la exposicién sistémica normalizada por la dosis pareci6
similar entre tratamientos con una biodisponibilidad relativa media de 1,084 Ei
resultado de la buprenorfina es sorprendente. La biodisponibilidad relativa
notificada de una solucién en etanol administrada por via sublingual que
comprende buprenorfina (estando las condiciones optimizadas teéricamente para
su absorcidon rapida por la mucosa sublingual ) comparada con Suboxone se
notificd que era 1,5 (véase Compton et al, Drug and Alcohol Dependence, 82, 25
(2006)). El hecho de que el nimero relativo notificado en este estudio para un
comprimido sublingual sélido fuera incluso mayor que el indicado para una
solucién es importante.
El tiempo de disgregacion de los comprimidos lo evalué una enfermera o un
médico mediante inspecciones bucales y también fue comunicado por los sujetos,
a los que se les proporcionaron instrucciones detalladas de los procedimientos de
dosificacion antes de la dosis el dia 1 en ambos periodos de tratamiento, incluidos
los procedimientos para las evaluaciones de la disgregacion realizadas por el
observador y del sujeto. Los sujetos debian informar sobre cualquier ingesta
prematura.

El espacio sublingual y los comprimidos se examinaron para determinar el
tiempo hasta la disgregacion. Los residuos de los comprimidos se caracterizaron
como ‘“intactos”, “fragmentos”, “residuo de tipo pasta® o “disueltos”. Las
inspecciones se llevaron a cabo cada 2 minutos y los hallazgos se registraron
hasta que el comprimido se disgregdé completamente. Ademas, se instruyé al

sujeto que indicara cuando pensaba que el PMI se habia disuelto levantando su
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mano o que indicara si se habia tragado el comprimido antes de su disolucién. Se
registré el tiempo de disolucién o de deglucién.
La mediana del tiempo hasta los comprimidos no intactos fue de 2 minutos

para la formulacién de la invencién y fue de 8 minutos para Suboxone.

Resumen y Conclusiones

Las proporciones de los parametros indicados anteriormente sugieren que la
formulacién de la invencién tuvieron como resultado concentraciones plasmaticas
de buprenorfina y naloxona ligeramente mayores y concentraciones plasmaticas
de norbuprenorfina ligeramente inferiores que las del comparador. El resultado

anterior es a pesar de que la dosis inicial es menor, lo que indica que puede ser

posible reducir la dosis todavia mas. Los comprimidos que comprenden

formulaciones de la invencién también se disgregaron mas rapidamente que el
comparador.

Ejemplo 3
Comprimidos sublinguales de buprenorfina/naloxona I

Se mezclaron 3,97 g de la naloxona clorhidrato dihidrato micronizada junto
con celulosa microcristalina (20,00 g; AvicelTM PH102 (tamafio medio de particula
100 pm), FMC Biopolymer, Cork, Irlanda) y croscarmelosa sédica (7,20 g;
AcDiSolTM, FMC Biopolymer) en un mezclador de tambor (Turbula, WAG, Suiza)

durante 40 horas.

Se mezclaron 14,04 g de buprenorfina clorhidrato micronizada junto con

manitol (130,30 g; PearlitolTM 200SD, Roquette, Lestrem, Francia), acido citrico
tamizado (6,00 g; granulos finos de calidad 16/40, DSM, Suiza, Basilea) y citrato

sodico tamizado (para evitar la aglomeracion) (19,50 g) EmproveTM cryst., Merck,

Darmstadt, Alemania) y se mezclaron en un mezclador de tambor durante 42
horas.

Se machac6 mentol (2,00 g; EmproveTM cryst., Merck KGaA, Darmstadt,

4
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Alemania) en mortero hasta que se formé un polvo fino y se mezclé con didxido de
silicio coloidal (0,20 g; AerosilTM 200 Pharma), (1:1 proporcién en volumen).

A la premezcla de buprenorfina se afadi6é sucralosa (6,00 g, Merck KGaA,
Darmstadt, Alemania). La premezcla de naloxona y el resto del didxido de silicio
coloidal (2,80 g) se arfadieron mediante co-tamizado a la premezcla de
buprenorfina. La mezcla de mentol-didxido de silicio se afiadi6 mediante tamizado
a la premezcla de buprenorfina y todos los ingredientes se mezclaron durante 1
hora.

Después se afnadi6 fumarato de estearilo y sodio (8,00 g; PruvTM, JRS
Pharma, Polanco, Espana) tamizando a esta mezcla y continudé el mezclado en el
mezclador de tambor durante 10 minutos.

Después, la mezcla en polvo final se comprimié formando comprimidos en
una maquina para ello (Korsch EK0) equipada con punzones redondos de 7 mm
de cara plana con cortes radiales en el borde obteniendo un peso del comprimido
de 110 mg y una resistencia a la rotura por compresiéon del comprimido de 30-35

N.

Ejemplo 4

Experimento in vivo

Los comprimidos de placebo preparados de acuerdo con el procedimiento
descrito en el Ejemplo 1 anterior (excluyendo buprenorfina, pero incluyendo
naloxona) se administraron primero por via sublingual.

Se midi6é el pH de la saliva sublingual in vivo usando un medidor de pH
Schott CG 842P unido a un electrodo Schott FlatrodeTM (pH 0-14,0-60°C). El
Flatrode™ tiene una membrana superplana para las mediciones de superficie y un
eje de plastico sélido con un diafragma anular, lo que garantiza una rapida
respuesta mediante el contacto potenciado entre la muestra y la referencia. El
diametro de la superficie plana del electrodo es de 6,0 mm, dando una superficie

de medida de 0,28 cm?
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El Flatrode se colocd (con un angulo en la boca abierta de 45°) suavemente
detras de los dientes inferiores, justo al lado del comprimido en la boca. Se aplicd
una presion muy suave con el fin de medir el pH en la saliva en lugar del pH en
sangre venosa (normalmente pH 7 4).

El pH se midi6 a intervalos de tiempo de 0, 30, 60 y 90 segundos (en 5
segundos hasta que se observé un valor estable). Se tomaron precauciones para
evitar la retirada accidental de polvo disuelto por el electrodo. La boca se cerré
entre mediciones sin deglucién activa.

Se realizaron ciclos por triplicado para garantizar un perfil de pH fiable. Entre
ciclos, la boca se lavé exhaustivamente con agua y el pH se midié antes de la
administracién para obtener un nuevo valor de cero.

Los resultados indicaron que la disminucion del pH fue maxima a
aproximadamente 35-40 segundos. En la Figura 4 se puede ver que el cuerpo
compensa rapidamente el pH modificado y también sobrecompensa ligeramente y
que la ventana de oportunidad (es decir, el intervalo de tiempo con una
disminucion del pH de 0,5 unidades (al menos) comparado con el pH en reposo)
para el incremento de la solubilidad de buprenorfina es solo aproximadamente de

80 segundos, a partir de 10 segundos (n= 4).

Ejemplo 5

Experimento comparativo de disolucién en embudo de volumen pequefio in
vitro |

Ademas de los comprimidos sublinguales descritos en el ejemplo 3 anterior,
se prepararon otros dos lotes identificables de los comprimidos sublinguales
usando la misma metodologia, excepto que, en un caso, la buprenorfina
clorhidrato no se micronizé y, en el otro, no se incluyeron acido citrico y citrato
sodico (en su lugar, se incluyeron 12,75 mg por comprimido de manitol).

Los comprimidos forman los tres lotes de comprimidos mencionados

anteriormente, asi como comprimidos Suboxone (buprenorfina 8 mg/naloxona 2
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mg; Reckitt Benckiser Healthcare Ltd, Hull, RU) se colocaron encima de un filtré
de silice de diametro 120 mm en un embudo de vidrio de 55 mm (didmetro interno
superior).

Se dej6é gotear tampo6n de fosfato potasico con un pH 6,8 (USP/NF), que
imita a la saliva) por un tubo de plastico blando de PVC con un diametro interno de
3 mm sobre los comprimidos a una velocidad, fijada con una bomba peristaltica
(Flocon 1003), de 2 mi por minuto. La distancia entre el fin del tubo de plastico y el
filtro de silice en el embudo se fij6 a aproximadamente 7,5 cm, para, junto con la
tasa de goteo, corresponder a una fuerza similar a la presion del lateral inferior de
la lengua. Las pequefias cantidades de agua implicadas intentan imitar las bajas
cantidades de agua disponibles in vivo en la lengua humana.

El pH se midi6é a lo largo del tiempo usando un electrodo Mettler Toledo
InLab Expert Pro (pH 0-14; 0-100°C) unido a un medidor del pH estandar Mettler
Toledo 340 colocado en la salida del embudo de cristal.

Para medir la liberacién de los ingredientes farmacéuticos activos a lo largo
del tiempo desde los comprimidos, un vaso de precipitados de vidrio equipado con
un agitador magnético que contenia 490 ml de tampén de fosfato potasico de pH
6,8 (USP/NF) recolectoé las gotas desde el embudo.

Se extrajeron muestras de 800 ul del vaso de precipitados usando una
micropipeta calibrada a intervalos de 0,5, 1,0, 1,5, 2,0, 2,5, 3,0, 3,5, 4,0, 4,5, 5,0,
10,0, 15,0 y 20,0 minutos. Estas muestras se vaciaron en viales de 1 ml que ya
contenian 200 pl de acido fosférico diluido. No se afiadié tampén adicional al vaso
de precipitados de recolecciéon para compensar. Comenzé con un volumen de 490
ml y finalizé con un volumen de 520 ml (la diferencia ente 40 ml afiadidos al vaso
de precipitados durante 20 minutos y 10,4 ml extraidos en total (13 x 0,8 ml) fue de
29,6 ml (es decir, aproximadamente 30 ml)). Se decidié comenzar a 490 ml en
lugar de 485 ml para estar mas cerca de 500 mi durante un periodo lo mas largo
posible. Los volimenes individuales exactos fueron calculados para cada muestra.

Tres comprimidos de cada uno de los cuatro lotes de comprimidos en el

1S
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ensayo se analizaron como las muestras de ensayo de liberacion. Las cantidades
de buprenorfina y naloxona se midieron usando HPLC Agilent 1000; detector de
matriz de diodos, bomba de gradiente, inyector automatico de muestras, horno de
columna), con un procedimiento de gradiente con deteccién UV a 210 nm.

El pH se representd frente al tiempo para los siguientes cuatro lotes de
comprimidos y los resultados se muestran en la Figura 5 (comprimidos preparados
de acuerdo con el Ejemplo 3 (cuadrados); equivalentes de buprenorfina no
micronizada (cruces); equivalentes sin Aacido citrico/citrato sédico (rombos); y
Suboxone (triangulos)). La linea discontinua en la Figura 5 es el perfil superpuesto
in vivo de la Figura 4.

Los perfiles de liberacion de farmaco durante los primeros 5 minutos para
buprenorfina y naloxona se presentan en las Figuras 6, y 7, respectivamente.
Aungue Suboxone tiene una carga de farmaco un 23% superior a la de los demas
comprimidos, produce una liberacion de buprenorfina tras 20 minutos a través del
embudo de solo un 75% de la de los comprimidos de acuerdo con la invencion. La

diferencia es mas notable durante los primeros 5 minutos.

Ejemplo 6

Comprimidos sublinguales de buprenorfina/naloxona Il

Se mezclaron 336,0 g de naloxona clorhidrato dihidrato micronizada junto
con celulosa microcristalina (2.000,0 g; AvicelTM PH102 (tamafio medio de
particula 100 um), FMC Biopolymer, Cork, Irlanda) y croscarmelosa sédica (720,0
g; AcDiSolTM, FMC Biopolymer Wallington, Little Island, Co. Cork, Irlanda) en un
mezclador de doble cono de 12 | (Sewin, Zickert systems, Kungsbacka, Suecia)
durante 3 horas.

Se desaglomeraron conjuntamente acido citrico (600,0 g; fino granular de
calidad 16/40, DSM, Suiza, Basilea), citrato sodico (1950,0 g EmproveTM cryst,,
Merck, Darmstadt, Alemania) y diéxido de silicio coloidal (480,0 g AerosilTM 200

Pharma, Evonik Degussa GmbH, Rheinfelden, Alemania) con un aparato Quadro
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comil (Quadro Engineering, Ontario, Canada) y se premezclaron con dos tercios
de una cantidad premedida de manitol (8737,3 g; PearlitolTM 200SD, Roquette,
Lestrem, Francia) en un mezclador de cono doble de 60 | (Sewin, Zickert systems,
Kungsbacka, Suecia) durante 5 minutos.

Se anadieron a la premezcla 1188,0 g de buprenorfina clorhidrato
micronizada y el otro tercio de manitol (4368,7 g) se afadid encima de la
buprenorfina clorhidrato y todos los ingredientes se mezclaron durante 3 horas.

Se moli6 mentol (200,0 g; EmproveTM cryst., Merck KGaA, Darmstadt,
Germain) con Quadro comili. Se procesaron didxido de silicio coloidal (20,0 g) y el
mentol molido (proporcién en volumen 1:1) con Quadro comill con el fin de
desaglomerar el didxido de silicio (coloidal).

Se anadieron a la premezcla de buprenorfina sucralosa (600,0 g, Merck
KGaA, Darmstadt, Alemania), la premezcla de naloxona y la mezcla de diéxido de
silicio-mentol y todos los ingredientes se mezclaron durante 1 hora.

Se desaglomer6é fumarato de estearilo y sodio (800,0 g; PruvTM, JRS
Pharma, Polanco, Espafna) con Quadro comil y se afiadié a un mezclador de doble
cono y se mezclaron durante 10 minutos.

Después, la mezcla en polvo final se comprimié formando comprimidos en

una maquina para ello (Korsch XL100, Korsch AG, Berlin, Alemania) equipada con

punzones redondos de 7 mm de cara plana con cortes radiales en el borde
obteniendo un peso del comprimido de 110 mg y una resistencia a la rotura por

compresion del comprimido de 30-35 N.

Ejemplo 7

Comprimidos sublinguales de buprenorfina/naloxona IV

Se prepararon 200.000 comprimidos de 100 mg de buprenorfina/naloxona
(proporcion de la dosis de 4:1) que comprendiann una dosis de 1,4 mg de
buprenorfina (calculada como la base libre) usando el mismo procedimiento que

se ha descrito en el Ejemplo 6.
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Ejemplo 8

Comprimidos sublinguales de buprenorfina/naloxona V

Se prepararon 200.000 comprimidos de 110 mg de buprenorfina/naloxona

5 (proporcion de la dosis de 4:1) que comprendian una dosis de 57 mg de
buprenorfina (calculada como ia base libre) usando el mismo procedimiento que
se ha descrito en ef Ejemplo 6.
Ejemplo 9
10

Experimento comparativo de disolucién en embudo de volumen pequefio in
vitro |l

Usando el procedimiento de disolucién en embudo de volumen pequefio in

vitro descrito en el Ejemplo 5, se obtuvieron los perfiles del pH (medicion del pH a
lo largo del tiempo) para:

(a) comprimidos sublinguales de buprenorfina/naloxona preparadoscomo
se describe en el Ejemplo 8;

(b) comprimidos sublinguales de buprenorfina/naloxona preparados

esencialmente como se describe en el Ejemplo 8, excepto que el acido citrico y el

citrato sédico se incluyeron durante la etapa de mezclado en la que los dos PAF
se mezclan entre si;

(c) comprimidos sublinguales de buprenorfina/naloxona preparados

esencialmente como se describe en el Ejemplo 8, pero sin acido citrico (es decir,
solo citrato sédico);

(d) comprimidos sublinguales de buprenorfina/naloxona preparados

esencialmente como se describe en el Ejemplo 8, pero sin citrato soédico (es decir,

solo acido citrico);

(e)

comprimidos sublinguales de buprenorfina/naloxona preparados

esencialmente como se describe en el Ejemplo 8, excepto que se usé acido

tartarico (Sigma-Aldrich) en lugar de acido citrico y citrato sodico; y
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1) pelicula de Suboxone® (8 mg de buprenorfina/2 mg de naloxona;
Reckitt Benckiser Healthcare Ltd, Hull, RU).

En el caso de los comprimidos (c) y (d), se us6 una cantidad equivalente de
manitol en lugar del acido citrico y el citrato sédico, respectivamente, que se
excluy6. En el caso de los comprimidos (e), se usaron 2 mg (por comprimido) de
acido tartarico y 10,75 mg adicionales (por comprimido) de manitol.

Los resultados se muestran en la Figura 8 (comprimidos a) — rombos;
comprimidos (b) — cuadrados de color gris claro; comprimidos (c) — triangulos;
comprimidos (d) — cuadrados negros; comprimidos (e) — cuadrados de color gris

medio; y peliculas de Suboxone (f) — circulos). En la Figura 8 también estan

superpuestos:
() el perfil in vivo de la Figura 4 (linea discontinua); y
(i) el perfil de pH in vitro previamente obtenido para los comprimidos de

Suboxone® (linea continua; inicialmente presentada en la Figura 5).

Los perfiles de liberacién/disolucién del farmaco en los primeros 5 minutos
para buprenorfina se presentan en la Figura 9. Claramente se puede ver en las
Figuras 8 y 9 en conjunto que la disolucion del farmaco se correlaciona
fuertemente con cuanto disminuye el pH durante el primer 1 minuto a los 2
minutos después del inicio del experimento (correspondiente a la administracion
sublingual in vivo). También se puede ver que el mayor descenso del pH y la

velocidad de disolucion mas alta se obtuvieron cuando se usé solo acido citrico.
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REIVINDICACIONES

1. Una composiciéon farmacéutica que comprende microparticulas de una
cantidad farmacolégicamente eficaz de buprenorfina o una sal farmaceuticamente
aceptable de la misma, en mezcla asociativa con particulas que comprenden un

acido débil o particulas que comprenden materiales formadores de tampén
débilmente acido.

2. Una composicién de acuerdo con la reivindicacién 1, en la que las
10

microparticulas de buprenorfina tienen un didmetro medio en base al peso inferior
a aproximadamente 15 um.

3. Una composicion de acuerdo con la reivindicacion 1 o la reivindicacién 2,
en la que el material débilmente acido comprende acido citrico, acido tartarico,
15 acido malico, acido fumarico, acido adipico, acido succinico, acido lactico, acido

acético, acido oxalico, acido maleico, cloruro amoénico o una combinacion de los
mismos.

4. Una composicidn de acuerdo con la reivindicaciéon 1 o la reivindicacion 2,
20 en la que los materiales formadores de tamp6n comprenden una combinacion de

un material débilmente acido y una sal de un material débilmente acido.

5. Una composicién de acuerdo con la reivindicacion 4, en la que el material

débilmente acido es como se ha definido en la reivindicacion 3.
25

6. Una composicion de acuerdo con la reivindicaciéon 4 o la reivindicacion 5,

en la que la sal es citrato sodico, citrato potasico, tartrato sédico o tartrato
potasico.

7. Una composicion de acuerdo con una cualquiera de las reivindicaciones

{O
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precedentes, en la que el sistema tampon es acido citrico/citrato sédico.

8. Una composicion de acuerdo con una cualquiera de las reivindicaciones
precedentes, que se presenta como una mezcla interactiva que comprende
microparticulas de buprenorfina o una sal farmacéuticamente aceptable de la

misma presentada sobre las superficies de particulas vehiculo.

9. Una composicién de acuerdo con la reivindicacion 8, en la que las
particulas vehiculo son de un tamafio que esta entre aproximadamente 100 y

aproximadamente 800 um.

10. Una composicién de acuerdo con la reivindicacion 8 o la reivindicacion 9,

en la que las particulas vehiculo son hidrosolubles.

11. Una composicion de acuerdo con una cualquiera de las reivindicaciones

8 a 10, en la que las particulas vehiculo comprenden manitol.

12. Una composicion de acuerdo con una cualquiera de las reivindicaciones
8 a 11, en la que las particulas de acido débil, o de materiales formadores de

tampon débilmente &cido, se presentan y actian como particulas vehiculo.

13. Una composicion farmacéutica de acuerdo con una cualquiera de las

reivindicaciones precedentes, que ademas comprende un disgregante.

14. Una composicion de acuerdo con la reivindicacion 13, en la que el
disgregante es un superdisgregante seleccionado de croscarmelosa soédica,
glicolato de almidén sédico, polivinilpirrolidona reticulada o una mezcla de los

mismos.
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15. Una composicién farmacéutica de acuerdo con una cualquiera de las
reivindicaciones precedentes, que ademas comprende una cantidad
farmacolégicamente eficaz de naloxona, o una sal farmacéuticamente aceptable

de la misma.

16. Una composicién farmacéutica acuerdo con la reivindicacion 15, en
la que la composicién comprende particulas que comprenden naloxona o una sal

de la misma y un disgregante.

17. Una composicion de acuerdo con una cualquiera de las reivindicaciones
precedentes, que estd en forma de un comprimido adecuado para administracion

sublingual.

18. Un procedimiento para la preparacion de una composicion como se ha
definido en una cualquiera de las reivindicaciones 8 a 17, que comprende mezclar

en seco las particulas vehiculo con buprenorfina o una sal de la misma.

19. Un procedimiento para la preparacién de una composicion como se ha
definido en una cualquiera de las reivindicaciones 15 a 17, que comprende un
procedimiento de acuerdo con la reivindicaciéon 18, seguido de la mezcla con

particulas que comprenden naloxona o una sal de la misma y un disgregante.

20. Un procedimiento para la preparacién de un comprimido sublingual como
se ha definido en la reivindicacién 17, que comprende comprimir o compactar
directamente una composicion como se ha definido en una cualquiera de las

reivindicaciones 1 a 16.

21. Un procedimiento de tratamiento de la dependencia y/o adiccion de

opioides, y/o el dolor, comprendiendo el procedimiento la administracion de una



10

o1

composicion como se ha definido en una cualquiera de las reivindicaciones 1 a 7 a
una persona que sufre la o las afecciones correspondientes o que es propensa a

ellas.

22. Una composicion como se ha definido en una cualquiera de las
reivindicaciones 1 a 17 para usar en un procedimiento de tratamiento de la

dependencia de y/o adiccion a opioides, y/o del dolor.

23. El uso de una composicion como se ha definido en una cualquiera de las
reivindicaciones 1 a 17 para la fabricacion de un medicamento para un

procedimiento de tratamiento de la dependencia de y/o adiccién a opioides, y/o del

dolor.
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RESUMEN

Se proporcionan composiciones farmacéuticas para el tratamiento de, por
ejemplo, la dependencia de opioides, que comprende microparticulas de una
cantidad farmacolégicamente eficaz de buprenorfina o una sal farmaceuticamente
aceptable de la misma, en mezcla asociativa con particulas que comprenden un
acido débil o particulas que comprenden materiales formadores de tampén
débilmente acido. La composicion puede comprender ademas un disgregante y/o
particulas de una cantidad farmacolégicamente eficaz de naloxona, o una sal
farmacéuticamente aceptable de la misma. Las composiciones son Uutiles en el

tratamiento de la dependencia/adiccion de/a los opioides y/o el dolor.
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NEW ABUSE-RESISTANT PHARMACEUTICAL COMPOSITION FOR THE
TREATMENT OF OPIOID DEPENDENCE

This invention relates to new pharmaceutical compositions comprising opioids
that are useful in the treatment of opioid/opiate dependency and/or pain, which
compositions may be abuse-resistant, and may be administered transmucosally
and, in particular, sublingually.

Opioids are 'widely used in medicine as analgesics. Indeed, it is presently
accepted that, in the palliation of more severe pain, no more effective therapeutic
agents exist.

Opioid agonist analgesics are used to treat moderate to severe, chronic cancer
pain, often in combination with non-steroidal anti-inflammatory drugs (NSAIDs),
as well as acute pain (e.g. during recovery from surgery and breakthrough pain).
Further, their use is increasing in the management of chronic, non-malignant
pain.

A perennial problem with potent opioid agonists however is one of abuse by drug
addicts. Drug addiction is a worldwide problem of which opioid dependence,
notably of heroin, is a major component. The World Health Organisation (WHO)
estimates that there are approximately 4.3 million opicid addicts globally, with
approximately 0.7 million in Europe and 0.3 million in the US and Canada.

Opioid dependence is a major health problem and long-term heroin use is
connected to a substantially increased risk of premature death from drug
overdoses, violence and suicide. Furthermore, sharing of needles among addicts
contribute to the spreading of potentially fatal blood infections such as HIV, and
hepatitis C. In addition, opioid dependence often leads to difficulties with social
relations, inability to manage a normal job and increased criminality to finance
addiction, with severe implications for the opioid dependent person and his/her
family.

Opioid addicts not only feed their addition by direct purchase of opioids “on the
street”, typically in the form of opioid-based powders (such as heroin), but may
1

PCT/GB2012/052303



|

10

15

20

25

30

35

WO 2013/041851 PCT/GB2012/052303

also get hold of pharmaceutical formulations intended for the treatment of e.g.
pain. Such individuals then often apply innovative techniques in their abuse of
such formulations, for example by extracting a large quantity of active ingredient
from that formulation into solution, which is then injected intravenously. With
most commercially-available pharmaceutical formulations, this can be done
relatively easily, which renders them unsafe or “abusable”. Thus, there is a

general need for non-abusable pharmaceutical formulations comprising opioid
agonists.

Opioid addicts are often treated by way of “substitution” therapy, in which mainly
“street” opioids of unknown strength and purity are replaced by pharmaceutical-
grade opioids with a longer duration of action, such as buprenorphine.

Further, a new cohort of opioid-dependent individuals has begun to emerge in the
last decade, particularly in the US, namely so-called “white collar” addicts, who
have become dependent upon prescription opioids, typically initiated for the

treatment of pain. Substitution therapy is also required for this growing group of
patients.

Opioid antagonists are used to reverse the pharmacological effects of opioids.
Selective opioid antagonists, such as naloxone, may therefore be used to treat
narcotic drug overdose or to diagnose suspected opioid addiction. Naloxone in
particular has a poor bioavailability when administered transmucosally but is
rendered fully bioavailable when administered by injection.

A simple mixture combination tablet comprising the opioid partial agonist
buprenorphine and naloxone in a 4:1 ratio for sublingual administration is
available under the trademark Suboxone®. (This and other abuse-resistant
opioid-containing formulations are reviewed by Fudula and Johnson in Drug and
Alcohol Dependence, 83S, S40 (2006). See also US patent applications US
2003/0124061 and US 2003/0191147.)

Because of naloxone’s poor transmucosal bioavailability, if Suboxone is taken
sublingually, as directed, the small amount of naloxone that is absorbed should
not interfere with the desired effects of buprenorphine.

2
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On the other hand, if Suboxone is dissolved and injected by an addict with a view
to achieving a “high”, the increased availability of naloxone via the parenteral
route should serve to antagonize the effects of buprenorphine, at the same time
as precipitating unpleasant opioid withdrawal symptoms in an individual
physically dependent on opioids.

Nonetheless, when administered parenterally, naloxone’s functional blockade of
buprenorphine’s action is also only partial and is short-lived in its nature. In view
of this, diversion and illicit use of Suboxone has frequently been reported,
especially in hidden populations such as incarcerated and active drug abusers
(see, for example, Alho et al, Drug and Alcohol Dependence, 88, 75 (2007),
Monte et al, Journal of Addictive Diseases, 28, 226 (2009), Stimmel, ibid., 26, 1
(2007) and Smith et al, ibid., 26, 107, 2007). Indeed, a recent study of untreated
intravenous abusers in Finland revealed that 68% reported abuse of Suboxone.
Moreover, 66% of those that had abused the drug once admitted that they had
abused it at least once subsequently, or even regularly thereafter (see Ahlo et al,
supra).

Further, Suboxone has also been reported to have several other significant
limitations. For example, the tablets are large and disintegrate slowly. The
bioavailability of buprenorphine is also significantly lower than for a sublingual
solution (see Compton et al, Drug and Alcohol Dependence, 82, 25 (2006)).
Moreover, the taste is not well tolerated by all patients and the tablet has an
unpleasant gritty mouthfeel. A film-based product has recently been developed
to counteract these problems, but the film formulation also does not dissolve
particularly quickly. Furthermore, a maximum of only two films (with doses of 2
mg and 8 mg of buprenorphine) may be administered simultaneously. Sequential
administration is thus required for (commonly administered) doses in excess of
10 mg or 16 mg of buprenorphine, respectively.

There is thus a presently unmet clinical need for an abuse-resistant product for

use in opioid addiction substitution therapy, but which does not possess the

afore-mentioned limitations. In particular, if it were possible to devise a

formulation that was capable of significantly increasing the bioavailability of
3

PCT/GB2012/052303



10

15

20

25

30

35

WO 2013/041851

PCT/GB2012/052303

buprenorphine, it might be possible to reduce the amount of this active
pharmaceutical ingredient, giving rise to less opioid in the formulation and so

reducing the amount available for injection if diverted by way of intravenous
abuse.

International patent applications WO 00/16751, WO 2004/067004, WO
2006/103418 and WO 2008/068471 all disclose drug delivery systems for the
treatment of e.g. acute pain by sublingual administration, applying an interactive
mixture principle, in which the active ingredient in microparticulate form is
adhered to the surfaces of larger carrier particles in the presence of a
bioadhesive and/or mucoadhesive promoting agent. WO 2008/068471 in
particular discloses a formulation comprising particles of opioid agonist drug upon

the surfaces of carrier particles comprising an opioid antagonist, such as
naloxone.

Prior art documents, including international patent applications WO 03/005944,
WO 02/067903, WO 2007/141328, WO 2010/132605, WO 01/30288 and US
patent application US 2009/0263476 A1 employ pH modifying agents to promote
dissolution and/or absorption of active ingredients.

We have now found that, by applying a specific formulation principle to a
combination of specific active ingredients, buprenorphine and naloxone, we have

provided a product with unexpected, significantly improved pharmaceutical and
clinical properties.

According to a first aspect of the invention there is provided a pharmaceutical
composition comprising microparticles of a pharmacologically-effective amount of
buprenorphine, or a pharmaceutically-acceptable salt thereof, in associative
admixture with particles comprising a weak acid, or particles comprising weakly-

acidic buffer forming materials. Such compositions are referred to hereinafter as
“the compositions of the invention”.

it is preferred that the pharmaceutical compositions comprising buprenorphine, or
a pharmaceutically-acceptable salt thereof, are presented in admixture (e.g. in
simple mixture) together with a disintegrant.

4
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In this respect, there is further provided a pharmaceutical composition
© comprising:

0] a composition of the invention as hereinbefore defined (“Component
5 (i)"); and
(i) a disintegrant (hereinafter “Component (ii)").

Compositions comprising Components (i) and (i) are also referred to together
hereinafter as compositions of the invention.

It is further preferred that the pharmaceutical compositions comprising
buprenorphine, or a pharmaceutically-acceptable salt thereof, are presented in
admixture (e.g. in simple mixture) together with a disintegrant and naloxone.

In this respect, there is further provided a pharmaceutical composition
comprising:

(a) a composition of the invention comprising Components (i) and/or (i)
as hereinbefore defined; and

(b)

particles of a pharmacologically-effective amount of naloxone, or a
pharmaceutically-acceptable salt thereof (hereinafter “Component
(iii)").

Compositions comprising Component (jii) formulated together with Components,

(i) and/or (ii) are also referred to together hereinafter as compositions of the
invention. '

Buprenorphine and pharmaceutically-acceptable salts thereof are presented in
the compositions of the invention in the form of microparticles. Naloxone and

pharmaceutically-acceptable salts thereof may also (e.g. preferably) be presented
in compositions of the invention in the form of microparticles. Microparticles
preferably possess a weight based mean diameter, number based mean
diameter and/or a volume based mean diameter of between about 0.5 pm and
about 15 um, such as about 1 pm and about 10 um. As used herein, the term
“weight based mean diameter” will be understood by the skilled person to include
that the average particle size is characterised and defined from a particle size
distribution’ by weight, i.e. a distribution where the existing fraction (relative

amount) in each size class is defined as the weight fraction, as obtained by e.g.
5
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sieving (e.g. wet sieving). As used herein, the term “number based mean
diameter” will be understood by the skilled person to include that the average
particle size is characterised and defined from a particle size distribution by
number, i.e. a distribution where the existing fraction (relative amount) in each
size class is defined as the number fraction, as measured by e.g. microscopy. As
used herein, the term “volume based mean diameter” will be understood by the
skilled person to include that the average particle size is characterised and
defined from a particle size distribution by volume, i.e. a distribution where the
existing fraction (relative amount) in each size class is defined as the volume
fraction, as measured by e.g. laser diffraction.

Microparticles of active ingredients may be prepared by standard micronisation
techniques, such as grinding, jet milling, dry milling, wet milling, precipitation, etc.
An air elutriation process may be utilised subsequently to prepare specific size
fractions, if required.

Preferred salts of buprenorphine and naloxone include hydrochloride salts.

Buprenorphine and pharmaceutically-acceptable salts thereof are formulated
together in associative admixture with particles of a weak acid, or with particles of
weakiy-acidic buffer forming materials, to provide compositions of the invention
(or Component (i) of compositions of the invention).

Weakly acidic materials that may be mentioned include those that, when
provided in a composition of the invention, enable the provision when the
composition is dissolved in water and/or saliva (e.g. at the site of administration
of compositions of the invention) of a pH of between about 4.0 and about 6.5
(e.g. about 6.25), and are present in a sufficient amount to enable the
maintenance of pH within this range for an appropriate length of time (e.g. about
30 seconds, such as about 1 minute) to about 3 minutes (e.g. about 2 minutes,
such as about 1.5 minutes) to facilitate dissolution of, particularly, the
buprenorphine microparticles, and/or absorption of buprenorphine across the
sublingual mucosa thereafter. For the purpose of this invention, the term
includes substances that are safe for use in mammails, and includes weak acids,
weak acid derivatives and other chemicals that convert to weak acids in vivo
6
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(e.g. precursors that convert to acids in vivo, by for example being sequentially
activated in accordance with properties of the local environment). Typical pKas
of weak acids are in the range of between about -1.5 (e.g. about -1.74) and
about 16 (e.g. about 15.74) (e.g. see Vollhardt, Organic Chemistry (1987). A
preferred range is between about 1 and about 10. More preferably, the weakly
acidic material comprises a weak acid that is safe for human consumption, for
example a food acid, such as malic acid, fumaric acid, adipic acid, succinic acid,
lactic acid, acetic acid, oxalic acid, maleic acid, ammonium chloride, preferably
tartaric acid, and more preferably citric acid, or a combination of such acids. The
skilled person will appreciate that, when weak acids are employed which are not
solids (and therefore not particulate) at or around room temperature and
atmospheric pressure, they may be adsorbed into a particulate carrier material
(such as colloidal silica) in order to provide particles comprising the weakly acidic
material.

Weakly-acidic buffer forming materials include materials that, when provided in a
composition of the invention, provide a weakly acidic buffer system when the
composition is dissolved in water and/or saliva (e.g. at the site of administration
of compositions of the invention), enabling the provision of a pH of between
about 4.0 and about 6.5 (e.g. about 6.25), and are present in a sufficient amount
to enable the maintenance of pH within this range for an appropriate length of
time (e.g. about 30 seconds, such as about 1 minute) to about 3 minutes (e.g.
about 2 minutes, such as about 1.5 minutes) to facilitate dissolution of,
particularly, the buprenorphine microparticles, and/or absorption of
buprenorphine across the sublingual mucosa thereafter. Buffer forming materials
thus include combinations of weak acid and salt of weak acid, such as
combinations of the aforementioned acids with alkaline salts of those acids,
including sodium citrate, potassium citrate, sodium tartrate, potassium tartrate
and the like. Preferred buffer forming materials are citric acid and sodium citrate.
The skilled person will appreciate that, when materials are employed which are
not solids (and therefore not particulate) at or around room temperature and
atmospheric pressure, they may be adsorbed into a particulate carrier material
(such as colloidal silica) in order to provide particles comprising the weakly-acidic
buffer forming materials.
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Suitable particles sizes of weakly acidic, or weakly-acidic buffer forming, materials
are in the range about 1 pm and about 1000 ym (e.g. about 800 ym, such as
about 750 pm), and preferably between about 40 (such as about 50 pym) and
about 600 pym. Suitable amounts of weakly acidic materials that enable the
maintenance of pH within the aforementioned ranges after oral administration as
hereinbefore described are in the range of at least about 1% to about 10% by
weight of the total formulation. Suitable total amounts of weakly-acidic buffer
forming materials that enable the maintenance of pH within the aforementioned
ranges after oral administration as hereinbefore described are in the range of at
least about 1% to about 15% by weight of the total formulation.

The disintegrant or “disintegrating agent” that may be employed as, or as part of,
Component (i) in compositions of the invention may be defined as any material
that is capable of accelerating to a measurable degree the
disintegration/dispersion of a composition of the invention. The disintegrant may
thus provide for an in vitro disintegration time of about 30 seconds or less, as
measured according to e.g. the standard United States Pharmacopeia (USP)
disintegration test method (see FDA Guidance for Industry: Orally Disintegrating
Tablets; December 2008). This may be achieved, for example, by the material
being capable of swelling, wicking and/or deformation when placed in contaét
with water and/or mucous (e.g. saliva), thus causing tablet formulations to
disintegrate when so wetted. ‘

Suitable disintegrants (as defined in, for example, Rowe el al, Handbook of
Pharmaceutical Excipients, 6" ed. (2009)) include cellulose derivatives such as
hydroxypropyl celiulose (HPC), low substituted HPC, methyl cellulose, ethyl
hydroxyethyl cellulose, carboxymethyl celiulose calcium, carboxymethy! cellulose
sodium, microcrystalline cellulose, modified cellulose gum; starch derivatives
such as moderately cross-linked starch, modified starch, hydroxylpropyl starch
and pregelatinized starch; and other disintegrants such as caicium alginate,
sodium alginate, alginic acid, chitosan, colloidal silicon dioxide, docusate sodium,
guar gum, magnesium aluminium silicate, polacrilin potassium and

polyvinylpyrrolidone. Combinations of two or more disintegrants may be used.
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Preferred disintegrants include so-called “superdisintergrants” (as defined in, for
example, Mohanachandran et al, International Journal of Pharmaceutical
Sciences Review and Research, 6, 105 (2011)), such as cross-linked
polyvinylpyrrolidone, sodium starch glycolate and croscarmellose sodium.
Combinations of two or more superdisintegrants may be used.

Disintegrants may also be combined with superdisintegrants in compositions of
the invention.

Disintegrants and/or superdisintegrants are preferably employed in an (e.g. total)
amount of between 0.5 and 15% by weight based upon the total weight of a
composition. A preferred range is from 1 to 8%, such as from about 2 to about
7% (e.g. about 5%, such as about 4%) by weight.

Compositions of the invention may be formulated together (along with any other
materials that may be present) by standard simple mixing techniques or by way of
granulation.

Granules may be prepared by a process of dry granulation, wet granulation, meit
granulation, thermoplastic pelletising, spray granulation or
extrusion/spheronisation.

Wet granulation techniques are well known to those skilled in the art and include
any technique involving the massing of a mix of dry primary powder particles
using a granulating fluid, which fluid comprises a volatile, inert solvent, such as
water, ethanol or isopropanol, either alone or in combination, and optionally in the
presence of a binder or binding agent. The technique may involve forcing a wet
mass through a sieve to produce wet granules which are then dried, preferably to
a loss on drying of less than about 3% by weight.

Dry granulation techniques are also well known to those skilled in the art and
include any technique in which primary powder particles are aggregated under
high pressure, inciuding slugging and roller compaction, for example as described

hereinafter.
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Melt granulation will be known by those skilled in the art to inciude any technique
in which granules are obtained through the addition of a molten binder, or a solid
binder which melts during the process. After granulation, the binder solidifies at
room temperature. Thermoplastic pelletising will be known to be similar to melt
granulation, but in which plastic properties of the binder are employed. In both
proceéses, the agglomerates (granules) obtained comprise a matrix structure.

Spray granulation will be known by those skilied in the art to include any
technique involving the drying of liquids (solutions, suspensions, melts) while
simultaneously building up granulates in a fluid bed. The term thus includes
processes in which foreign seeds (germs) are provided upon which granules are
built up, as well as those in which inherent seeds (germs) form in the fluid bed
due to abrasion and/or fracture, in addition to any spray coating granulation
technique generally. The sprayed liquid coats the germs and assists further
agglomeration of particles. It is then dried to form granules in the form of a
matrix.

Extrusion/spheronisation will be well known to those skilled in the art to include
any process involving the dry mixing of ingredients, wet massing along with a
binder, extruding, spheronising the extrudate into spheroids of uniform size, and
drying.

In particular, microparticles of buprenorphine or salt thereof and particles of
weakly acidic, weakly-acidic buffer forming, materials are presented in
associative admixture with each other in compositions of the invention. By
“associative admixture” we mean that whether or not Component (i) is
subsequently formulated along with Components (ii) and (iii) as hereinbefore
defined, some form of mixing step (simple mixing, granulation as described
hereinbefore, or otherwise) takes place as between the buprenorphine/salt
microparticles and particles of weakly acidic, weakly-acidic buffer forming,
materials, rendering them in intimate contact with each other.

For the avoidance of doubt, by “intimate contact’, we include that microparticles

of buprenorphine or salt thereof, and particles of weakly acidic, weakly-acidic

buffer forming, materials, are presented in compositions of the invention in any
| 10
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form in which they are, at least in part, in intimate contact with each other. This
includes the possibility of the inclusion of quickly dissolving coatings on one or
other, or both, sets of particles.

In this respect, Component (i) is preferably presented as, or as part of, a
composition of the invention in the form of a interactive mixture comprising at
least one population of carrier particles upon the surfaces of which are presented

(e.g. adhered) microparticles of buprenorphine or a pharmaceutically acceptable
salt thereof.

The term “interactive” mixture will be understood by those skilled in the art to
include the term “ordered” mixture, and to denote a mixture in which particles do
not appear as single units, as in random mixtures, but rather where smalier
particles (e.g. microparticles of, for example, buprenorphine) are attached to (i.e.
adhered to or associated with) the surfaces of larger carrier particles. Such
mixtures are characterised by interactive forces (for example van der Waals
forces, electrostatic or Coulomb forces, andfor hydrogen bonding) between
carrier and surface-associated particles (see, for example, Staniforth, Powder
Technol., 45, 75 (1985)). In final mixtures, and compositions comprising such
mixtures, the interactive forces need to be strong enough to keep the adherent
particles at the carrier surface.

When interactive mixtures are employed as the formulation principle by which the
particulate Component (i) is presented in a composition of the invention, these
are made, preferably, with carrier particles that are of a size (weight and/or
volume based average or mean diameter, vide supra) that is between about 30
pm and about 1000 pm (e.g. about 800 pm, such as about 750 pm), and
preferably between about 40 (such as about 50 ym) and about 600 um.

Carrier particles may comprise pharmaceutically-acceptable substances that are

soluble in water, such as carbohydrates, e.g. sugars, such as lactose, and sugar

alcohols, such as mannitol, sorbitol and xylitol; pharmaceutically-acceptable

inorganic salts, such as sodium chloride. Water soluble carrier particles may also

comprise the weakly acidic, and/or weakly acidic buffer forming materials,

mentioned hereinbefore (such as citric acid and/or sodium citrate). Alternatively,
1
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carrier particles may comprise pharmaceutically-acceptable substances that are
insoluble or sparingly soluble in water, such as dicalcium phosphate anhydrate,
dicalcium phosphate dihydrate, tricalcium phosphate, calcium carbonate, and
barium sulphate; starch and pre-gelatinised starch; bioadhesive and
mucoadhesive materials, such as crosslinked polyvinylpyrrolidone and
croscarmellose sodium; and other polymers, such as microcrystalline cellulose,
cellulose and; or mixtures thereof.

By “soluble in water” we include that the material has a solubility in water that is
greater than 33.3 mg/mL at atmospheric pressure (e.g. 1 bar) and room
temperature (e.g. 21°C). On the other hand, the term “sparingly soluble or
insoluble in water” includes materials that have a solubility in water that is less
than 33.3 mg/mL under the same conditions. Preferred soluble carrier particle
materials include sugar alcohols, such as sorbitol, xylitol and particularly
mannitol. Preferred sparingly water-soluble or water-insoluble carrier particle
materials include cellulose and starches, such as microcrystalline cellulose.

It is preferred that buprenorphine or pharmaceutically acceptable salt thereof is
presented on the surfaces of water-soluble carrier particles.

in this respect, as stated above, weakly acidic materials, and/or weakly-acidic
buffer forming materials, may also function as water-soluble carrier particle
materials.  Therefore, the associated admixture of such materials with
buprenorphine/salt thereof may mean the former comprise carrier particles upon
which microparticles of the latter are presented. In such cases, such materials
may be presented at least as further water-soluble carrier particles, in addition to
the presence of other water-soluble carrier particles, upon the surfaces of both of
which are presented burprenorphine microparticles.

When carrier particles comprise such weakly acidic/buffer forming materials,

composites of such materials with other water-soluble carrier particle materials

(such as those described hereinbefore) may be provided. Such materials may be

prepared by direct compression or granulation, for example. Alternatively, carrier

particles may consist essentially of a weakly acidic material and/or one or more

materials that, when dissolved in saliva, give rise to a weakly acidic buffer
12
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system. By “consisting essentially” of such materials, we mean that, excluding
the possible presence of water (vide infra), the carrier particles comprise at least
about 95%, such as at least about 98%, more preferably greater than about 99%,
and particularly at least about 99.5% by weight (based on the total weight of the
carrier particle) of such materials. These percentages exclude the presence of
trace amounts of water (e.g. crystal water or water bound to external surfaces of
materials), and/or any impurities that may be present in such materials, which
impurities may arise following the production of such materials, either by a
commercial or non-commercial third party supplier, or by a skilled person making
a composition of the invention.

Alternatively (and/or in addition), in Component (i), particles of weakly acidic
material, and/or of weakly-acidic buffer forming materials, may be presented, at
least in part, upon the surfaces of, and/or between, carrier particles. In such
cases, suitable particle sizes of such materials are as presented herein for active
ingredients and/or disintegrants.

When employed in compositions of the invention, Components (ii) and (iii) are
preferably formulated together, for example to form particles comprising naloxone
or salt thereof and the disintegrant, prior to mixing with Component (i).
Alternatively, particles of weakly acidic material, and/or of weakly-acidic buffer
forming materials, may be formulated along with Components (ii) and/or (iii) prior
to mixing with buprenorphine microparticles, which latter microparticles may be
presented in the form of interactive mixtures with carrier particles as hereinbefore
described. Weakly acidic, and/or weakly-acidic buffer forming, materials may
thus be formulated in associative admixture with buprenorphine microparticles (as
hereinbefore defined) in this way.

Furthermore, in Component (i), particles of naloxone, or pharmaceutically-
acceptable salts thereof, may also be presented upon the surfaces of, and/or
between, carrier particles in compositions of the invention, but this is not
essential. Such carrier particles may be water-soluble (as hereinbefore defined),
or may (preferably) be water-insoluble/sparingly soluble carrier particles.

13

PCT/GB2012/052303

2



10

15

20

25

30

35

WO 2013/041851

Disintegrant and/or superdisintegrant materials, may also be presented, at least
in part, as particles upon the surfaces of, and/or between, carrier particles, which
may or may not also carry naloxone or salt thereof. i employed in particulate
form, particles of disintegrants and/or superdisintegrants may be presented with a
particle size (weight and/or volume based average or mean diameter, vide supra)
of between about 0.1 and about 100 um (e.g. about 1 and about 50 pm).

Alternatively, disintegrants and/or superdisintegrants may also be present as a
constituent in composite excipients. Composite excipients may be defined as co-
processed excipient mixtures. Examples of composite excipients comprising
superdisintegrants are Parteck® ODT, Ludipress® and Prosolv® EASYtab.

Bio/mucoadhesive materials may also be presented in compositions of the
invention. Such materials may be presented upon (e.g. adhered to) the surfaces
of carrier particles when components of compositions of the invention are
presented in the form of interactive mixtures.

Compositions of the invention may be employed in the treatment of opioid
dependency and/or addiction as described hereinbefore, for example in
substitution therapy programs. Opioid dependency and/or addiction may be
defined in numerous ways (see, for example,
www.who.int/substance abuse/terminology/definition1), but may be characterized

for example by physiological, behavioural, and cognitive phenomena wherein the
use of a substance or a class of substances takes on a much higher priority for a
given individual than other behaviours that once had greater value, and/or
characterised by a desire (often strong, and sometimes overpowering) to take
opioids and/or opiates (which may or may not have been medically prescribed).
It is particularly preferred that compositions of the invention comprising naloxone
are used in the treatment of opioid dependency and/or addiction.

Buprenorphine is a partial agonist at the p-opioid receptor and an antagonist at

the k-opioid receptor. It has high binding affinity at both receptors and competes

with other agonists, such as methadone, heroin (diamorphine) and morphine, at

the p-opioid receptor. Opioid agonist effects of buprenorphine are less than the

maximal effects of other, “full” opioid agonists, such as morphine, and are limited
14
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by a “ceiling” effect. The drug thus produces a lower degree of physical
dependence than other opioid agonists, such as heroin, morphine or methadone
and is therefore particularly useful in substitution therapy.

The term “pharmacologically effective amount” refers to an amount of an active
ingredient, which is capable of conferring a desired therapeutic effect on a treated
patient, whether administered alone or in combination with another active
ingredient. Such an effect may be objective (i.e. measurable by some test or
marker) or subjective (i.e. the subject gives an indication of, or feels, an effect).

Thus, appropriate pharmacologically effective amounts of buprenorphine (or salt
thereof) include those that are capable of producing, and/or contributing to the
production of, the desired therapeutic effect, namely decreased opioid and/or
opiate craving and/or decreased illicit drug use, when administered
transmucosally, whereas appropriate pharmacologically effective amounts of
naloxone (or salt thereof) when employed must be sufficient so as not to compete
with the above-mentioned pharmacological effect of the buprenorphine present in
the composition of the invention upon transmucosal administration, but to
antagonize the effect of the buprenorphine and precipitate withdrawal symptoms
if an attempt is made by an opioid-addicted individual to inject'a composition of
the invention.

The amounts of active ingredients that may be employed in compositions of the
invention may thus be determined by the skilled person, in relation to what will be
most suitable for an individual patient. This is likely to vary with the route of
administration, the type and severity of the condition that is to be treated, as well
as the age, weight, sex, renal function, hepatic function and response of the
particular patient to be treated.

The total amount of buprenorphine/salt thereof that may be employed in a

composition of the invention may be in the range of about 0.1%, such as about

1%, to about 20%, such as about 10%, by weight based upon the total weight of

the composition. The amount of this active ingredient may also be expressed as

the amount in a unit dosage form (e.g. a tablet). In such a case, the amount of

buprenorphine/salt that may be present may be sufficient to provide a dose of
15
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buprenorphine (calculated as the free base) per unit dosage form that is in the
range of between about 0.1 mg, such as about 1 mg and about 50, for example
about 30, such as about 20 mg (e.g. about 15 mg, e.g. about 12 mg, such as
about 10 mg). Preferred ranges for the treatment of pain are about 0.1 mg to
about 4 mg. Preferred ranges for substitution therapy are about 0.5 mg to about
50 mg, such as about 0.75 mg, (e.g. about 1 mg) to about 12 mg, such as about
10 mg (e.g. about 7 mg). Individual buprenorphine doses per tablet that may be
mentioned include about 11.4 mg, about 8.6 mg, about 5.7 mg, about 2.9 mg and
about 1.4 mg.

When employed, the total amount of naloxone/salt thereof that may be employed
in a composition of the invention may be in the range about 0.125%, such as
about 0.25% to about 5%, such as about 2.5%, by weight based upon the total
weight of the composition. The amount of this active ingredient may also be
expressed as the amount in a unit dosage form (e.g. a tablet). In such a case,
the amount of naloxone/salt that may be present may be sufficient to provide a
dose of naloxone (calculated as the free base) per unit dosage form that is in the
range of between about 0.125 mg and about 12.5 mg, such as about 0.19 mg
(e.g. about 0.25 mg) to about 3 mg, such as about 2.5 mg (e.g. about 1.75 mg).
Individual naloxone doses per tablet that may be mentioned include about 2.9
mg, about 2.2 mg, about 1.4 mg, about 0.7 mg and about 0.4 mg.

Although, for compositions of the invention containing naloxone, it is preferred
that the dose ratio of buprenorphine:naloxone is maintained at about 4:1, the
above-mentioned dosages are exemplary of the average case; there can, of
course, be individual instances where higher or lower dosage ranges are merited,
and such are within the scope of this invention.

Compositions of the invention, once prepared, are preferably directly
compressed/compacted into unit dosage forms (e.g. tablets) for administration to
mammalian (e.g. human) patients, for example as described hereinafter.

Compositions of the invention may be in the form of powders or, more preferably,

tablets for e.g. sublingual administration. Tablets may also comprise a binder. A

binder may be defined as a material that is capable of acting as a bond formation
16
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enhancer, facilitating the compression of the powder mass into coherent
compacts. Suitable binders include celiuiose gum and microcrystalline cellulose.
If present, binder is preferably employed in an amount of between 0.5 and 20%
by weight based upon the total weight of the tablet formulation. A preferred range
is from 1 to 15%, such as from about 2.0 to about 12% (e.g. about 10%) by
weight.

Suitable further additives and/or excipients that may be employed in compositions
of the invention, in particular those in the form of tablets for e.g. sublingual
administration may comprise:

(a) lubricants (such as magnesium stearate or, preferably, sodium stearyl
fumarate);

(b) flavourings (e.g. lemon, peppermint powder or, preferably, menthol),
sweeteners (e.g. neohesperidin, acesulfame K or, preferably, sucralose)
and dyestuffs;

(c) antioxidants, which may be naturally occurring or otherwise (e.g. butylated
hydroxytoluene (BHT), vitamin C, vitamin E, B-carotene, uric acid,
uniquion, superoxide dismutase (SOD), glutathione peroxidase or
peroxidase catalase); and/or

(d) other ingredients, such as carrier agents, preservatives and gliding agents
(e.g. colloidal silica).

Compositions of the invention may be prepared by standard techniques, and
using standard equipment, known to the skilled person.

When presented in the form of interactive mixtures, particles of e.g.
buprenorphine/salt may be dry mixed with relevant carrier particles over a period
of time that is sufficiently long to enable appropriate amounts of respective active
ingredients to adhere to the surface of the carrier particles. This may also apply
to other active ingredients and/or excipients defined hereinbefore.

The skilled person will appreciate that, in order to obtain a dry powder formulation
in the form of an interactive mixture, larger carrier particles must be able to exert

enough force to break up agglomerates of smaller particles. This ability will
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primarily be determined by particle density, surface roughness, shape, flowability
and, particularly, relative particle sizes.

Standard mixing equipment may be used in this regard. The mixing time period
is likely to vary according to the equipment used, and the skilled person will have
no difficulty in determining by routine experimentation a suitable mixing time for a
given combination of active ingredient and carrier particle material(s).

Interactive mixtures may also be provided using techniques other than dry mixing,
which techniques will be well known to those skilled in the art.

Other ingredients may alternatively be incorporated by standard mixing or other
formulation principles.

The compositions of the invention may be administered transmucosally, such as
buccally, rectally, nasally or preferably sublingually by way of appropriate dosing
means known to the skilled person. A sublingual tablet may be placed under the
tongue, and the active ingredients absorbed through the surrounding mucous
membranes.

In this respect, the compositions of the invention may be incorporated into various
kinds of pharmaceutical preparations intended for transmucosal (e.g. sublingual)
administration using standard techniques (see, for example, Lachman et al, “The
Theory and Practice of Industrial Pharmacy”, Lea & Febiger, 3" edition (1986)
and “Remington: The Science and Practice of Pharmacy’, Gennaro (ed.),
Philadelphia College of Pharmacy & Sciences, 19" edition (1995)).

Pharmaceutical preparations for sublingual administration may be obtained by
combining compositions of the invention with conventional pharmaceutical
additives and/or excipients used in the art for such preparations, and thereafter
preferably directly compressed/compacted into unit dosage forms (e.g. tablets).
(See, for example, Pharmaceutical Dosage Forms: Tablets. Volume 1, 2m
Edition, Lieberman ef al (eds.), Marcel Dekker, New York and Basel (1989) p.
354-356 and the -documents cited therein.) Suitable compacting equipment

18
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includes standard tabletting machines, such as the Kilian SP300, the Korsch
EKO, the Korsch XP1, the Korsch XL100 or the Korsch PharmaPress 800.

Suitable final sublingual tablet weights are in the range of about 30 to about 400
mg, such as about 40 (e.g. about 50) to about 300 mg (e.g. about 250 mg, such
as about 200 mg), for example about 50 (e.g. about 60) to 180 mg, more
preferably between about 60 (e.g. about 70) and about 160 mg. Suitable final
tablet diameters are in the range of about 3 to about 12 mm, for examplé about 4
to about 10 mm, and more preferably about 5 to about 9 mm. Suitable final tablet
thicknesses are in the range of about 0.5 mm to about 4 mm, such as about 1.5
mm to about 3 mm. Various tablet shapes are possible (e.g. circular, triangular,
square, diamond, polygon or oval). Suitable tablet hardnesses include crushing
strengths in the range of about 10N to about 100N, for example about 15N to
about 50N (depending on the size and/or weight of the tablet), according to US
Pharmacopoeia method <1217>.

Irrespective of the foregoing, compositions of the invention comprising
disintegrants (or other excipients that function by swelling) should be essentially
free (e.g. less than about 20% by weight based on the total weight of the
formulation) of water. It will be evident to the skilled person that “premature”
hydration will dramatically decrease the performance of a tablet formulation in
use and may result in premature dissolution of active ingredients.

Wherever the word “about” is employed herein in the context of dimensions (e.g.
tablet sizes and weights, particle sizes etc.), surface coverage (e.g. of carrier
particles by particles of active ingredients), amounts (e.g. relative amounts of
individual constituents in a composition or a component of a composition and
absolute doses (including ratios) of active ingredients), temperatures, pressures,
times, pH values, concentrations, it will be appreciated that such variables are
approximate and as such may vary by + 10%, for example 1 5% and preferably +
2% (e.g. = 1%) from the numbers specified herein. Wherever the word “about” is
employed herein in the context of pharmacokinetic properties (Cmax, tmax,
AUCs),etc., it will be appreciated that such variables are approximate and as
such-may vary by + 15%, such as + 10%.

19
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Compositions of the invention may be administered by way of appropriate dosing
means known to the skilled person. For example, a sublingual tablet may be
placed under the tongue, and the active ingredients absorbed through the
surrounding mucous membrane.

We have found that compositions of the invention surprisingly give rise to
significantly improved bioavailability for buprenorphine when compared to prior
art, commercially-available formulations. This means that formulations with lower
single doses of buprenorphine may be administered by way of compositions of
the invention, so reducing the “street value” of a single tablet when it comprises a
composition of the invention, with more than one such tablet being required to
give the same effect when illicitly administered parenterally (i.e. in “street” terms,
the same “fix”). This means that compositions of the invention are less likely to
be abused than prior art, commercially-available formulations (see Comer et al,
Addiction, 105, 709-718 (2010)).

Additionally, we have found that compositions of the invention comprising
naloxone also surprisingly give rise to significantly (and simultaneously with
buprenorphone) improved bioavailability for naloxone when compared to prior art,
commercially-available formulations.

Compositions of the invention comprising naloxone thus surprisingly give rise to
similar, almost parallel, degrees of improved bioavailability for both
buprenorphine and naloxone, which means that the “optimal’ ratio of
buprenorphine to naloxone, which has been arrived at to reduce abuse potential
(see, for example, Mendelson and Jones, Drug and Alcohol Dependence, 70, 829
(2003)), may be maintained, and doses of both active ingredients therefore
lowered by an equivalent degree to preserve the same ratio.

According to a further aspect of the invention, there is provided a method of
treating opioid dependency and/or addiction in a human,
- which method comprises sublingual administration to a human patient
suffering from opioid dependency and/or addiction of
- at least one unit dose of a pharmaceutical composition (e.g. a tablet)
comprising buprenorphine or a pharmaceutically acceptable salt thereof,
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in combination with naloxone or a pharmaceutically acceptable salt
thereof, in about a 4:1 buprenorphine:naloxone dose ratio (calculated as
free bases),

- wherein said unit dose composition comprises a dose of buprenorphine,
which is about 75% of that of a random mixture compressed (RMC) tablet
comprising buprenorphine, and

- which method achieves, after an initial dose in any given treatment
program, a plasma-concentration time profile for buprenorphine (and/or
naloxone) that is essentially equivalent to that/those exhibited by such
RMC tablets.

“RMC tablets” include, but are not limited to, the commercially-available tablet
product Suboxone® (NDA No. 20-733, approval date October 8" 2002,
buprenorphine strength 2 mg (Product No. 001; actual weight about 100 mg) and
8 mg (Product No. 002; actual weight about 400 mg)). The 8 mg tablets (at least)
have a mean crushing strength (US Pharmacopeia method <1217>) of about 127
N. RMC tablet strengths are thus in the range of about 80 to about 180 N. RMC
tablets are formed by compression of a random mixture, prepared by wet
granulation of a standard mixture comprising buprenorphine hydrochloride,
naloxone hydrochloride dihydrate, lactose monohydrate, mannitol, maize starch,
povidone K30, citric acid (anhydrous granular), sodium citrate, natural ilemon and
lime flavour, acesulfame potassium and magnesium stearate.

By “a plasma-concentration time profile for buprenorphine and/or naloxone that is
essentially equivalent to that/those exhibited by such RMC tablets”, we include
that, after an initial dose in any given treatment program, one or more of:

(i) the maximum plasma concentration (Cmax); and/or

(ii) the time to maximum plasma concentration (tna); and/or

(iii) the total area under the plasma concentration-time curve from time zero to
the time of the last measured plasma concentration (AUC,); and/or

(iv) the area under the plasma concentration-time curve from time zero to the
last concentration extrapolated to infinity based on the elimination rate constant
(AUCin),
as measured by standard pharmacokinetic monitoring means, e.g. as described
in Example 2 hereinafter, for naloxone and/or, more preferably, for
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buprenorphine, is between about 80% and about 125% of the corresponding
values obtained for the aforementioned RMC tablets.

Thus, after an initial dose in any given treatment program, for tablets comprising
a dose of buprenorphine that is about 75% of a RMC tablet comprising 8 mg of
buprenorphine may present:

(i) a Cyax Of between about 3.0 ng/mL and about 5.6 (such as about 4.5) ng/mL;
and/or

(ii) a tmax that is less than about 3 hours, preferably less than about 2 hours;
and/or

(iii) an AUC;y that is about 25 ng.h/mL to about 40 ng.h/mL, such as about 28
ng.h/mL to about 36 ng.h/mL,
for buprenorphine; and/or

(a) a Cnax of between about 150 pg/mL and about 300 (such as about 250)
pg/mL; and/or

(b) a tnax that is less than about 1 hour,
for naloxone. '

According to a further aspect of the invention, there is provided a method of
treating opioid dependency and/or addiction in a human,
- which method comprises sublingual administration to a human patient
suffering from opioid dependency and/or addiction of
- at least one unit dose of a pharmaceutical composition (e.g. a tablet)
comprising buprenorphine or a pharmaceutically acceptable salt thereof,
in combination with naloxone or a pharmaceutically acceptable salt
thereof, in about a 4:1 buprenorphine:naloxone dose ratio (calculated as
free bases),
- wherein said unit dose composition comprises a dose of buprenorphine,
which is about 75% of that of a RMC tablet as hereinbefore defined, and
- which method achieves after an initial dose in any given treatment
program a mean relative bioavailability compared to such RMC tablets
that is:
(A) about 1.2 to about 1.6 for buprenorphine; and/or
(B) about 1.2 to about 2.0 for naloxone.
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According to a further aspecf of the invention, there is provided a method of
treating opioid dependency and/or addiction in a human, which method
comprises sublingual administration to a human patient suffering from opioid
dependency and/or addiction of at least one unit dose of a pharmaceutical
composition (e.g. a tablet) comprising buprenorphine or a pharmaceutically
acceptable salt thereof, in combination with naloxone or a pharmaceutically
acceptable salt thereof, wherein said tablet comprises a dose of buprenorphine or
salt thereof, which is about 6 mg or about 15 mg, and the
buprenorphine:naloxone dose ratio is about 4:1 (calculated as the free base).

Compositions of the invention may also give rise to a lower
norbuprenorphine:buprenorphine ratio in plasma when compared to prior ar,
commercially-available formulations. A lower norbuprenorphine to buprenorphine
ratio is also seen after sublingual administration of an ethanol solution compared
to a tablet formulation (see Harris et al, Clin. Pharmacokinet., 43, 329 (2004)) as
dose is increased, suggesting that less buprenorphine is being swallowed. In
addition, less norbuprenorphine is found in the plasma after parenteral
administration compared to sublingual administration (Sigmon et al, Addiction,
101, 420 (2005)), further supporting the notion that norbuprenorphine is formed
from swallowed buprenorphine by first pass metabolism through the liver. Thus,
the lower norbuprenorphine:buprenorphine ratio reported herein may be reflective
of the fact that more buprenorphine is absorbed over the sublingual mucosa (and
so less is swallowed) than with prior art, commercially available (e.g. RMC tablet)
formulations. There may also be benefits from the reduction of the
norbuprenorphine:buprenorphine ratio per se, such as reduced respiratory
depression (see Megarbane et al, Toxicology and Applied Phamacology, 212,
256 (2006)).

According to a further aspect of the invention, there is further provided a method
of treating opioid dependency and/or addiction in a human, which method
comprises sublingual administration of a pharmaceutical composition comprising
buprenorphine or a pharmaceutically acceptable salt thereof, in combination with
naloxone or a pharmaceutically acceptable salt thereof, in about a 4:1
buprenorphine:naloxone dose ratio (calculated as the free base), wherein said
composition comprises a dose of buprenorphine which is about 75% of that of a
23
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RMC tablet as hereinbefore defined, to a human patient suffering from opioid
dependency and/or addiction, wherein said formulation achieves after an initial
dose in any given treatment program a ratio of norbuprenorphine/buprenorphine
concentrations in plasma of less than about 0.8 based upon AUC4.

Such methods may comprise administration of a composition. of the invention as
defined herein.

By “any given treatment program”, we mean any course of treatment of a patient
with a composition of the invention.

Without being limited by theory, it is understood that the compositions of the
invention give rise to such surprisingly increased bioavailability when compared
to prior art, commercially-available formulations, e.g. RMC tablets, such as
Suboxone, because of a pH-timing effect, in which pH is lowered as hereinbefore
described for a short period of time (e.g. between about 1 and about 3 minutes)
after sublingual administration, resulting in improved and/or more rapid
dissolution of microparticles of burprenorphine. Although such dissolution might
be expected to be improved by decreasing pH, what is completely unexpected is
that the degree of absorption across the sublingual mucosa does not appear to
decrease. One would expect that lowering local pH would give rise to the
presence of more burprenorphine in the ionized state at the site of absorption,
which would in turn be expected to decrease the degree of absorption across the
sublingual mucosa. The fact that the bioavailability is better per unit dose of
buprenorphine for compositions of the invention than it is for prior art
compositions is indeed remarkable.

According to a further aspect of the invention, there is provided a pharmaceutical
composition comprising microparticles of buprenorphine or a pharmaceutically
acceptable salt thereof, and particles of a weak acid or particles of weakly acidic
buffer forming materials, characterized in that the composition exhibits, in an in
vitro small-volume funnel dissolution method, for example as described in
Example 5 hereinafter:

a) a pH drop of about 0.5 to about 5 pH units;

b) a maximum pH drop within about 1 minute of the start of the method; and
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¢) areturn to the initial pH (£0.5) within about 3 minutes.

According to a still further aspect of the invention, there is provided a
pharmaceutical composition comprising microparticles of buprenorphine or a
pharmaceutically acceptable salt thereof, and particles of a weak acid or particles
of weakly acidic buffer forming materials, characterized in that the composition
enables the provision (at the site of administration) of a pH of between about 4.0
and about 6.5 (e.g. less than about 6.25), and the maintenance of pH within this
range for an appropriate length of time (e.g. about 30 seconds, such as about 1
minute) to about 3 minutes (e.g. about 2 minutes, such as about 1.5 minutes) to
facilitate dissolution of, particularly, the buprenorphine microparticles, and/or
absorption of buprenorphine across the sublingual mucosa thereafter.

Compositions of the invention comprising naloxone surprisingly give rise to
similar, almost parallel, degrees of improved bioavailability for both
buprenorphine and naloxone, which means that the “optimal’ ratio of
buprenorphine to naloxone, which has been arrived at to reduce abuse potential
(see, for example, Mendelson and Jones, Drug and Alcohol Dependence, 70, 829
(2003)), may be maintained, and doses of both active ingredients therefore
lowered by an equivalent degree to preserve the same ratio.

The compositions of the invention are useful in the treatment of opioid
dependency and/or addiction. Compositions of the invention may also be useful
in the treatment of pain (including mild, moderate and severe pain).

According to three further aspects of the invention there are provided:
(i) a method of treatment of opioid dependency and/or addiction;
(i) a method of treatment of pain; and
(i) a method of treatment of both pain and opioid dependency and/or
addiction,
which methods comprise administration of a composition of the invention to a
person suffering from, or susceptible to, the relevant conditions.

Compositions of the invention may also be administered in the induction phase
(ie. the start-up) of buprenorphine therapy, wherein buprenorphine is
25
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administered once an opioid-addicted individual has abstained from using opioids
for about 12-24 hours and is in the early stages of opioid withdrawal.

According to a further aspect of the invention there is provided a method of

5 treatment of opioid dependency and/or addiction, which method comprises
administration of a composition of the invention to an individual that has abstained
from using opioids for at least about 12 hours and/or is in the early stages of
opioid withdrawal.
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By “treatment” of pain we include the therapeutic treatment, as well as the
symptomatic and palliative treatment of the condition. However, by “treatment” of
opioid dependency and/or addiction, we further include the prophylaxis, or the

diagnosis of the relevant condition in addition to therapeutic, symptomatic and

palliative treatment. This is because, by employing buprenorphine in the

treatment of pain, compositions of the invention may prevent the development of
opioid dependency and/or addiction.

The compositions of the invention enable the production of unit dosage forms that
are easy and inexpensive to manufacture, and which enable the rapid release
and/or a rapid uptake of the active ingredients employed through the mucosa,

such as the oral mucosa, thus enabling rapid relief of symptoms, such as those
described hereinbefore.

The compositions of the invention also have the advantage that, if injected by an

opioid addict, they do not produce the euphoric effects that such an addict seeks
and indeed induce opioid withdrawal symptoms.

Compositions of the invention may also have the advantage that they may be
prepared using established pharmaceutical processing methods and employ

materials that are approved for use in foods or pharmaceuticals or of like
regulatory status.

Compositions of the invention may also have the advantage that they may be

more efficacious than, be less toxic than, be longer acting than, be more potent

than, produce fewer side effects than, be more easily absorbed than, possess a
26
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better patient acceptability than, have a better pharmacokinetic profile than,
and/or have other useful pharmacological, physical, or chemical properties over,
pharmaceutical compositions known in the prior art, whether for use in the

treatment of opioid addiction or péin or otherwise.

The invention is illustrated by way of the following examples, with reference to the
attached figures in which analyte concentration-time plasma profiles are
presented in linear scale plots for buprenorphine (Figure 1), norbuprenorphine
(Figure 2) and naloxone (Figure 3) following sublingual administration of tablets
comprising a composition of the invention (diamonds) and the commercially-
available comparator, Suboxone® (squares); Figure 4 shows an in vivo sublingual
pH profile obtained for a placebo composition (analogous to one prepared in
accordance with the invention); Figure 5 shows comparative in vitro pH profiles
for composition of the invention versus Suboxone and other comparators in a
small-volume funnel dissolution test; Figures 6 and 7 show release of
buprenorphine and naloxone, respectively, from the compositions referred to in
Figure 5; Figure 8 shows comparative in vitro pH profiles for compositions of the
invention versus Suboxone and other comparators in a small-volume funnel
dissolution test; and Figure 9 show release of buprenorphine from compositions
referred to in Figure 8.

Example 1
Buprenorphine/Naloxone Sublingual Tablets |

Naloxone hydrochloride dihydrate (Macfarlan Smith, Edinburgh, UK) and
buprenorphine hydrochloride (Macfarlan Smith, Edinburgh, UK) were micronised
using an air jet mill (Pilotmill-1/Food and Pharma Systems, ltaly). The volume
based mean particle size (diameter) of the buprenorphine was 3.4 pm and of the
naloxone was 4.6 um.

9.15 g of the micronised naloxone hydrochloride dihydrate was mixed together
with microcrystalline cellulose (47.50 g; Avicel™ PH102 (mean particle size 100
pm), FMC Biopolymer, Cork, lreland) and croscarmellose sodium (18.00 g;
AcDiSol™ FMC Biopolymer) in a tumble blender (Turbula, WAG, Switzerland) for
40 hours.
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32.40 g of the micronised buprenorphine hydrochloride was mixed together with
mannitol (314.20 g; Pearlitol™ 200SD, Roquette, Lestrem, France), sieved citric
acid (15.00 g; fine granular 16/40 grade, DSM, Switzerland, Basel) and sieved (to
avoid agglomeration) sodium citrate (48.75 g) Emprove™ cryst., Merck,
Darmstadt, Germany) in a tumble blender for 40 hours.

Menthol (5.00 g; Emprove™ cryst., Merck) was mortared until a fine powder was
formed. This and also acesulfame potassium (5.00 g; Sunett Pharma D,
Nutrinova, Kelsterbach, Germany) and anhydrous colloidal silica (5.00 g;
Aerosil™ 200 Pharma, Evonik Degussa, Hanau-Wolfgang, Germany) were added
by sieving into the buprenorphine premix, together with the naloxone premix, and
the whole mixed together in a tumble blender for 1 hour.

Sodium stearyl fumarate (10.00 g; Pruv™, JRS Pharma, Polanco, Spain) was
then added by sieving into this mixture and mixing continued in the tumble
blender for 5 minutes.

The final powder mixture was then compressed into tablets in a tablet machine
(Korsch XP1) equipped with 7 mm round, flat faced, radius-edged punches, to a
tablet weight of 102 mg and a tablet crushing strength of 35 N.

Example 2
Clinical Trial

The tablets of Example 1 were sublingually administered in an open-label, 2-
period crossover study with randomised treatment sequence.

The study comprised a screening visit conducted within 28 days prior to first
treatment, two treatment periods each of 4 days length (Day -1 to Day 3) and a
washout period of at least 10 days between treatment periods. During the
treatment periods, subjects were admitted to the clinical unit on the morning prior
to first dosing (Day -1) and remained in the unit until the completion of Day 3
procedures. A follow-up visit was carried out 5 to 10 days after completion of the
second Investigational Medicinal Product (IMP) administration.
28
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The IMPs were sublingual tablet prepared in accordance with Example 1 (6 mg
buprenorphine/1.5 mg naloxone; hereafter “formulation of the invention”) and, as
the reference product, Suboxone sublingual tablet (8 mg buprenorphine/2 mg
naloxone; Reckitt Benckiser Healthcare Ltd, Hull, UK). Treatment with
formulation of the invention, or Suboxone (1 tablet) in alternate periods was open-
label and was administered on Day 1 in each treatment period.

Naltrexone tablets (Nalorex®, 50 mg, Bristol-Myers Squibb Pharmaceuticals Ltd;
Uxbridge, UK) were administered orally (one 50 mg tablet), at -24 to -16 hours, -1
hour (5 minutes) and +24 hours (1 hour) in relation to administration of IMP, as

a naltrexone block in the study (in order to alleviate opioid side effects during the
study).

Eighteen healthy male volunteers aged between 18 and 50 years were enrolled.
These received both treatments and were evaluated. The mean age was 29.8
years and ages ranged from 19 to 49 years. All subjects were male Caucasians.
The mean weight was 78.16 kg and ranged from 63.0 to 93.5 kg. The mean body
mass index of the subjects was 25.05 kg/m? and ranged from 20.7 to 28.9 kg/m?.

All subjects (except one) reported current alcohol use ranging from 1 to 20 units
per week. No subject was a current smoker. All subjects reported current

caffeine use of 1 to 5 cups or cans per day. No subject had been treated with
opioids within 1 year prior to screening.

No subject reported any pre-study medication (taken within 2 weeks prior to
screening). One subject reported ongoing use of antihistamines for systemic use
by oral tablet or capsule to treat seasonal allergic rhinitis.

Trial medication was administered in the clinic under the supervision of clinic
personnel.

All subjects who were enrolled in the study and who received at least one dose of

trial medication. All randomised subjects who received at least one treatment,

had at least one evaluable plasma profile and had no major protocol deviations
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that could have a substantial effect on the buprenorphine, norbuprenorphine or
naloxone plasma concentration profile, such as:
o swallowing of study medication (applies to both formulation of the
invention and Suboxone)
e vomiting within 4 hours after administration of either type of tablet
e having a pre-dose quantifiable concentration that is > 5% of a subject’s
Crmax

All randomised subjects who received at least one treatment and had
disintegration or acceptability data present for at least one treatment.

Pharmacokinetic (PK) variables were based on plasma concentrations of
buprenorphine, norbuprenorphine (a metabolite of buprenorphine) and naloxone
and were calculated using standard, non-compartmental methods. The PK
non-compartmental analysis was performed using WinNoniin™ Professional

version 5.2. Data permitting, the following parameters were determined:

o tag lag time before the start of absorption
¢ Chax maximum plasma concentration
N time to reach maximum plasma concentration

e AUCy area under the plasma concentration-time curve from time zero to
the time of the last quantifiable plasma concentration
e AUCo4 area under the plasma concentration-time curve from time zero to
. 48 hours post-dose

e« MR metabolic ratio

In addition, the relative bioavailability (F.) of formulation of the invention to
Suboxone was derived based on dose-adjusted PK data.

Subjects were classified as evaluable or non-evaluable with respect to the PK
evaluation by the pharmacokineticist after examining the subjects PK profiles and
taking into account any deviations with respect to those listed above. The PK
analyses based on the PK population included only those subjects with evaluable
PK data.
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Actual blood sampling times for buprenorphine, norbuprenorphine and naloxone
were converted to a time from dosing (elapsed time). Elapsed times were listed
by subject for each treatment, together with the individual buprenorphine,
norbuprenorphine and naloxone concentrations. Elapsed times were used in the
PK analysis.

The buprenorphine, norbuprenorphine and naloxone concentrations were
summarised by descriptive statistics of number of missing samples, number of
samples less than the lower limit of quantification (<LOQ), n, arithmetic mean,
SD, CV(%), geometric mean, 95% confidence intervals (C!) for the arithmetic
mean, median, minimum and maximum. All buprenorphine, norbuprenorphine
and naloxone concentrations <LOQ were set to zero for the purpose of
calculating descriptive statistics. If at any time-point 1/3 or more of subjects had
values <LOQ, descriptive statistics were not calculated.

The PK parameters Cpnax, AUCq. and AUC, 43 of buprenorphine, norbuprenorphine
and naloxone were compared between treatments using a mixed effects Analysis
of Variance (ANOVA) procedure.

Arithmetic mean (+SEM) analyte concentration-time plasma profiles are
presented in linear scale plots for each analyte in Figures 1 (buprenorphine), 2
(norbuprenorphine) and 3 (naloxone) with both treatments included on each plot.
It can be seen from these figures that, for both buprenorphine and
norbuprenorphine after administration of formuiation of the invention (diamonds),
and Suboxone (squares), plasma concentrations of all three analytes increased
to a maximum then declined in a biphasic manner.

In relation to other PK parameters:

0} on average, the lag time was slightly shorter after treatment with
formulation of the invention compared to Suboxone by 15% for
buprenorphine, 29% for norbuprenorphine and 34% for naloxone,

(i) the range of times at which maximal concentrations were attained
(tnax) Was similar between treatments for all analytes. Median tmnax
values were less than or equal to 1 h for buprenorphine and naloxone
indicating rapid sublingual absorption following administration of both
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formulation of the invention and Suboxone. For norbuprenorphine,
tmax Was generally similar to buprenorphine after both treatments
indicating metabolism of buprenorphine to norbuprenorphine was
rapid;

(iii) the mean metabolite ratios exceeded 0.5 indicating extensive
metabolic conversion of buprenorphine to norbuprenorphine, with
conversion being 31% lower following administration of formulation of
the invention compared to Suboxone. This result is significant as it
means that more buprenorphine is absorbed sublingually in the case
of formulation of the invention;

(iv) the doses of both buprenorphine and naloxone were lower in the
formulation of the invention, but mean systemic exposure, in terms of
Cmax and AUC, of buprenorphine and naloxone were higher when
compared to Suboxone, and, as stated above, the values were lower
for norbuprenorphine; and

v) the mean relative bioavailabilities of formulation of the invention to
Suboxone were 1.659 and 2.056 for buprenorphine and naloxone
respectively, indicating higher dose-normalised systemic exposure
following administration of formulation of the invention. For
norbuprenorphine the dose-normalised systemic exposure appeared
to be similar between treatments with a mean relative bioavailability of
1.084. The buprenorphine result is surprising. The reported relative
bioavailability of a sublingually-administered ethanol solution
comprising buprenorphine (where conditions are theoretically
optimised for rapid absorption over the sublingual mucosa) compared
to Suboxone was reported to be 1.5 (see Compton et al, Drug and
Alcohol Dependence, 82, 25 (2006)). The fact that the relative
number reported in this study for a solid sublingual tablet was even
higher than that reported for a solution is remarkable.

Disintegration time of the tablets was assessed by either a nurse or a physician
by mouth inspections, and was also reported by the subjects, who were given
thorough instructions of the dosing procedures prior to dosing on Day 1 in both
treatment periods, including the procedures for observer and subject

32



10

15

20

25

30

35

WO 2013/041851

assessments of disintegration.  Subjects were to report any premature
swallowing.

The sublingual space and the tablet were examined to determine the time to
disintegration. The tablet residues were characterised as ‘intact’, ‘fragments’,
‘paste like residue’ or ‘dissolved’. Inspections were carried out every 2 minutes
and the findings recorded until the tablet was completely disintegrated. In
addition, the subject was instructed to indicate when they thought the IMP was
dissolved by raising their hand or to indicate whether they had swallowed the
tablet before it was dissolved. The time of dissolution or swallowing was

recorded.

Median time to non-intact tablets was 2 minutes for the formulation of the
invention and was 8 minutes for Suboxone.

Summary and Conclusions

The above-reported parameter ratios suggest that the formulation of the invention
resulted in slightly higher plasma buprenorphine and naloxone concentrations
and slightly lower plasma norbuprenorphine concentrations than the comparator.
The former result is despite the initial dose being lower which indicates that it may
be possible to reduce dose still further. Tablets comprising formulations of the
invention also disintegrated faster than the comparator.

Example 3
Buprenorphine/Naloxone Sublingual Tablets Il

3.97 g of micronized naloxone hydrochloride dihydrate was mixed together with
microcrystalline cellulose (20.00 g; Avicel™ PH102 (mean particle size 100 pm),
FMC Biopolymer) and croscarmellose sodium (7.20 g; AcDiSol™, FMC
Biopolymer) in a tumble blender (Turbula, WAG, Switzerland) for 40 hours.

14.04 g of micronised buprenorphine hydrochloride was mixed together with

mannitol (130.30 g; Pearlitol™ 200SD, Roquette, Lestrem, France), sieved citric

acid (6.00 g; fine granular 16/40 grade, DSM, Switzerland, Basel) and sieved (to
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avoid agglomeration), sodium citrate (19.50 g) Emprove™ cryst., Merck,
Darmstadt, Germany) and blended in a tumble blender for 42 hours.

Menthol (2.00 g; Emprove™ cryst., Merck KGaA, Darmstadt, Germany) was
mortared until a fine powder was formed and was blended with silicon dioxide,
colloidal (0.20 g; Aerosil™ 200 Pharma), (1:1 volume ratio).

Sucralose (6.00 g, Merck KGaA, Darmstadt, Germany) was added to the
buprenorphine premix. The naloxone premix and the rest of the silicon dioxide
colloidal (2.80 g) were added by co-sieving into the buprenorphine premix. The
menthol-silicon dioxide blend was added by sieving to the buprenorphine premix

and all ingredients were mixed for 1 hour.

Sodium stearyl fumarate (8.00 g; Pruv™, JRS Pharma, Polanco, Spain) was then

“added by sieving into this mixture and mixing continued in the tumble blender for

10 minutes.

The final powder mixture was then compressed into tablets in a tablet machine
(Korsch EKO) equipped with 7 mm round, flat faced, radius-edged punches, to a
tablet weight of 110 mg and a tablet crushing strength of 30-35 N.

Example 4
In Vivo Experiment

Placebo tablets prepared according to the procedure described in Example 1
above (excluding buprenorpine, but including naloxone) were first administered
sublingually.

Sublingual saliva pH was measured in vivo using a Schott CG 842P pH Meter
attached to a Schott Flatrode™-electrode (pH 0-14, 0-60°C). The Flatrode™ has
a super-flat membrane for surface measurements and a robust plastic shaft with
a ring diaphragm, which guarantees a quick response via enhanced contact
between the sample and reference. The diameter of the flat surface of the
electrode is 6.0 mm giving a measuring surface of 0.28 cm?.
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The Flatrode was positioned (at an open mouth angle of 45°) gently behind the
lower teeth, just beside the tablet in the mouth. A very gentle pressure was
applied in order to measure pH in saliva rather than venous blood pH (typically
pH 7.4).

pH was measured at time intervals of 0, 30, 60 and 90 seconds (over 5 seconds
untii a stable value was observed). Care was taken to avoid accidental
withdrawal of dissolved powder by the electrode. The mouth was shut between
measurements with no active swallowing.

Triplicate runs were carried out to ensure a reliable pH-profile. Between runs, the
mouth was washed thoroughly with water and pH measured prior to
administration to obtain a new zero-value.

The results indicated that the pH decrease peaked at around 35-40 seconds. It
can be seen from Figure 4 that the body rapidly compensates for the modified pH
and also slightly overcompensates, and that the window of opportunity (i.e. the
time range with a 0.5 pH unit decrease (at least) compared to resting pH) for
increased solubility of buprenorphine is only about 80 seconds, starting after 10
seconds (n=4).

Example 5
Comparative /n Vitro Small-Volume Funnel Dissolution Experiment |

In addition to the sublingual tablets described in Example 3 above, two other
otherwise identical batches of sublingual tablets were prepared using the same
methodology, except that, in one case, the buprenorphine hydrochloride was not
micronized, and in the other, no citric acid and sodium citrate were included
(instead a further 12.75 mg per tablet of mannitol was included.

Tablets form the three above-mentioned tablet batches, as well as Suboxone
tablets (buprenorphine 8 mg/naloxone 2 mg; Reckitt Benckiser Healthcare Ltd,
Hull, UK) were placed on top of a Porosity 1 20 mm diameter silica filter in a 55
mm (upper inner diameter) glass funnel.
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Potassium phosphate buffer with a pH of 6.8 (USP/NF), which mimics saliva, was
allowed to drip through a soft PVC plastic tube with an inner diameter of 3 mm
onto the tablets at a rate, set by a peristaltic pump (Flocon 1003), of 2 mL per
minute. The distance between the end of the plastic tube and the silica filter in
the funnel was set at 'approximately 7.5 cm, in order, along with the dripping rate,
to correspond to a force similar to the pressure of the underside of the tongue.
The small amounts of water involved endeavour to mimic the low amounts of
water available in vivo under the human tongue.

pH was measured over time using a Mettler Toledo InLab Expert Pro electrode
(pH 0-14; 0-100°C) attached to standard Mettler Toledo 340 pH meter positioned
at the outlet of the glass funnel.

To measure the release of active pharmaceutical ingredients over time from the
tablets, a glass beaker equipped with a magnetic stirrer containing 490 mL of
potassium phosphate buffer pH 6.8 (USP/NF) collected the drops from the funnel.

800 uL samples were withdrawn from the beaker using a calibrated micropipette
at intervals of 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 10.0, 15.0 and 20.0
minutes. These'samples were emptied into 1 mL vials already containing 200 pL
of diluted phosphoric acid. No additional buffer was added to the collection
beaker to compensate. [t started with a volume of 490 mL and ended with a
volume of 520 mL (the difference between 40 mL added to the beaker over 20
minutes, and 10.4 mL removed in total (13 x 0.8 mL) is 29.6 mL (i.e. about 30
mL)). It was decided to start at 490 mL instead of 485 mL to be as close to 500
mL for as long a period as possible. The exact individual volumes were of course
calculated for each sample.

Three tablets from each of the four tablet table batches in the trial were analysed
as release test samples. Amounts of buprenorphine and naloxone were
measured using HPLC (Agilent 1000; Diode array-detector, gradient pump,
autosampler, column oven), with a gradient method with UV detection at 210 nm.

pH was plotted over time for the following four tablet batches and the results are
shown in Figure 5 (tablets prepared according to Example 3 (squares), non-
36
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micronised buprenorphine equivalents (crosses); equivalents without citric
acid/sodium citrate (diamonds);, and Suboxone (triangles)). The dashed line in
Figure 5 is the superimposed in vivo profile from Figure 4.

The drug release profiles over the first 5 minutes for buprenorphine and naloxone
are presented in Figures 6, and 7, respectively. Although Suboxone has a 23%
higher drug loading than all of the other tablets, it produces a buprenorphine
release after 20 minutes through the funnel of only 75% of that of the tablets
according to the invention. The difference is most noticeable over the first 5
minutes.

Example 6
Buprenorphine/Naloxone Sublingual Tablets lii

336.0 g of micronized naloxone hydrochloride dihydrate was mixed together with
microcrystalline cellulose (2000.0 g; Avicel™ PH102 (mean particle size 100 pm),
FMC Biopolymer, Wallington, Little Island, Co. Cork, Ireland) and croscarmellose
sodium (720.0 g; AcDiSol™, FMC Biopolymer, Wallington, Little Island, Co. Cork,
Ireland) in a 12 L double cone blender (Sewin, Zickert systems, Kungsbacka,
Sweden) for 3 hours.

Citric acid (600.0 g; fine granular 16/40 grade, DSM, Switzerland, Basel), sodium
citrate (1950.0 g Emprove™ cryst., Merck, Darmstadt, Germany) and silicon
dioxide, colloidal (480.0 g Aerosi™ 200 Pharma, Evonik Degussa GmbH,
Rheinfelden, Germany) were deagglomerated together with Quadro comil
apparatus (Quadro Engineering, Ontario, Canada) and premixed with two thirds
of a pre-measured amount of mannitol (8737.3 g; Pearlitol™ 200SD, Roquette,
Lestrem, France) in a 60 L double cone blender (Sewin, Zickert systems,
Kungsbacka, Sweden) for 5 minutes.

1188.0 g of the micronised buprenorphine hydrochloride was added to the premix
and the other third of the mannitol (4368.7 g) was added on top of the
buprenorphine hydrochloride and all ingredients were mixed for 3 hours.
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Menthol (200.0 g; Emprove™ cryst., Merck KGaA, Darmstadt, Germany) was
milled with Quadro comill. Silicon dioxide, colloidal (20.0 g) and milled menthol

(1:1 volume ratio) was processed with Quadro comill in order to deagglomerate
the silicon dioxide (colloidal).

Sucralose (600.0 g, Merck KGaA, Darmstadt, Germany), the naloxone premix
and the menthol-silicon dioxide blend were added to the buprenorphine premix

and all ingredients were mixed for 1 hour.

Sodium stearyl fumarate (800.0 g; Pruv™, JRS Pharma, Polanco, Spain) was
deagglomerated with Quadro comil and added to double cone blender and mixed
for 10 minutes.

The final powder mixture was then compressed into tablets in a tablet machine

(Korsch XL100, Korsch AG, Berlin, Germany) equipped with 7 mm round, flat

faced, radius-edged punches, to a tablet weight of 110 mg and a tablet crushing
strength of 30-35 N.

Example 7
Buprenorphine/Naloxone Sublingual Tablets IV

200,000 100 mg buprenorphine/naloxone (4:1 dose ratio) tablets comprising a 1.4
mg dose of buprenorphine (calculated as the free base) were prepared using
essentially the same procedure as described in Example 6.

Example 8
Buprenorphine/Naloxone Sublingual Tablets V

200,000 110 mg buprenorphine/naloxone (4:1 dose ratio) tablets comprising a 5.7

mg dose of buprenorphine (calculated as the free base) were prepared using
essentially the same procedure as described in Example 6.
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Example 9

Comparative /n Vitro Small-Volume Funnel Dissolution Experiment Il

Using the in vitro small-volume funnel dissolution procedure described in

s Example 5, pH profiles (measurement of pH over time) were obtained for:
(a) buprenorphine/naloxone sublingual tablets prepared as described in
Example 8,
(b) buprenorphine/naloxone sublingual tablets prepared essentially as
described in Example 8, except that the citric acid and sodium citrate were
10

included during the mixing step in which the two APIs are mixed together;

(¢) buprenorphine/naloxone sublingual tablets prepared essentially as
described in Example 8, but without citric acid (i.e. sodium citrate only);

(d) buprenorphine/naloxone sublingual tablets prepared essentially as
described in Example 8, but without sodium citrate (i.e. citric acid only);

15 . (e) buprenorphine/naloxone sublingual tablets prepared essentially as

described in Example 8, except that tartaric acid (Sigma-Aldrich) was
used instead of citric acid and sodium citrate; and

(f) Suboxone® film (8 mg buprenorphine/2 mg naloxone; Reckitt Benckiser
Healthcare Ltd, Hull, UK).
20 '

In the case of tablets (c), and (d), an equivalent amount of mannitol was
employed instead of the citric acid, and the sodium citrate, respectively, that was

excluded. In the case of tablets (e), 2 mg (per tablet) of tartaric acid and an extra

10.75 mg (per tablet) of mannitol were employed.
25

The results are shown in Figure 8 (tablets (a) - diamonds; tablets (b) - black
triangles; tablets (c) - white triangles; tablets (d) - black squares; tablets (e) -
white squares; Suboxone films (f) - circles). Also superimposed on Figure 8 are:
() the in vivo profile from Figure 4 (dashed line); and
30 (i) the in vitro pH profile previously obtained for Suboxone® tablets (solid
line; originally presented in Figure 5).

The drug release/dissolution profiles over the first 5 minutes for buprenorphine

are presented in Figure 9. It can be clearly seen from Figures 8 and 9 taken
35 together that drug dissolution correlates strongly with how much the pH is
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lowered during first 1 minute to 2 minutes after the start of the experiment
(corresponding to sublingual administration in vivo). It can also be seen that the
largest pH drop, and the highest dissolution rate, were obtained when citric acid
alone was used.
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Claims
1. A pharmaceutical composition comprising microparticles of a

pharmacologically-effective amount of buprenorphine, or a pharmaceutically-
acceptable salt thereof, in associative admixture with particles comprising a weak
acid, or particles comprising weakly-acidic buffer forming materials.

2. A composition as claimed in Claim 1, wherein the microparticles of

buprenorphine have a weight based mean diameter of less than about 15 um.

3. A composition as claimed in Claim 1 or Claim 2, wherein the weakly acidic
material comprises citric acid, tartaric acid, malic acid, fumaric acid, adipic acid,
succinic acid, lactic acid, acetic acid, oxalic acid, maleic acid, ammonium chloride
or a combination thereof.

4. A composition as claimed in Claim 1 or Claim 2, wherein the buffer forming
materials comprise a combination of a weakly acidic material and a salt of a
weakly acidic material.

5. A composition as claimed in Claim 4, wherein the weakly acidic material is as
defined in Claim 3.

6. A composition as claimed in Claim 4 or Claim 5, wherein the salt is sodium
citrate, potassium citrate, sodium tartrate or potassium tartrate.

7. A composition as claimed in any one of the preceding claims wherein the
buffer system is citric acid/sodium citrate.

8. A composition as claimed in any one of the preceding claims which is
presented as an interactive mixture comprising microparticles of buprenorphine or
a pharmaceutically acceptable salt thereof presented upon the surfaces of carrier
particles.

9. A compositionA as claimed in Claim 8, wherein the carrier particles are of a size
that is between about 100 and about 800 um.
41
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10. A composition as claimed in Claim 8 or Claim 9, wherein the carrier particles

are water-soluble.

11. A composition as claimed in any one of Claims 8 to 10, wherein the carrier
particles comprise mannitol.

12. A composition as claimed in any one of Claims 8 to 11, wherein the particles
of weak acid, or of weakly-acidic buffer forming materials, are presented and act
as carrier particles.

13. A pharmaceutical composition as claimed in any one of the preceding claims,
which further comprises a disintegrant.

14. A composition as claimed in Claim 13, wherein the disintegrant is a
superdisintegrant selected from croscarmellose sodium, sodium starch glycolate,
crosslinked polyvinylpyrrolidone or a mixture thereof.

15. A pharmaceutical composition as claimed in any one of the preceding
claims, which further comprises a pharmacologically-effective amount of
naloxone, or a pharmaceutically-acceptable salt thereof.

16. A pharmaceutical composition as claimed in Claim 15, wherein the
composition comprises particles comprising naloxone or salt thereof and
disintegrant.

17. A composition as claimed in any one of the preceding claims which is in the
form of a tablet suitable for sublingual administration.

18. A process for the preparation of a composition as defined in any one of

Claims 8 to 17, which comprises dry mixing carrier particles with buprenorphine
or salt thereof.
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19. A process for the preparation of a composition as defined in any one of
Claims 15 to 17, which comprises a process as claimed in Claim 18, followed by
admixing with particles comprising naloxone or salt thereof and disintegrant.

20. A process for the preparation of a sublingual tablet as defined in Claim 17,
which comprises directly compressing or compacting a composition as defined in
any one of Claims 1 to 16.

21. A method of treatment of opioid dependency and/or addiction, and/or pain,
which method comprises administration of a composition as defined in any one of
Claims 1 to 17 to a person suffering from, or susceptible to, the relevant
condition(s).

22. A composition as defined in any one of Claims 1 to 17 for use in a method of
treatment of opioid dependency and/or addiction, and/or pain.

23. The use of a composition as defined in any one of Claims 1 to 17 for the

manufacture of a medicament for a method of treatment of opioid dependency
and/or addiction, and/or pain.
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NEW PHARMACEUTICAL COMPOSITION

This invention relates to new pharmaceutical compositions comprising opioids
that are useful in the treatment of opioid/opiate dependency and/or pain, which
compositions may be abuse-resistant, and may be administered transmucosally
and in particular sublingually.

Opioids are widely used in medicine as analgesics. Indeed, it is presently
accepted that, in the palliation of more severe pain, no more effective therapeutic
agents exist.

Opioid agonist analgesics are used to treat moderate to severe, chronic cancer
pain, often in combination with non-steroidal anti-inflammatory drugs (NSAIDs),
as well as acute pain (e.g. during recovery from surgery and breakthrough pain).
Further, their use is increasing in the management of chronic, non-malignant
pain.

A perennial problem with potent opioid agonists however is one of abuse by drug
addicts. Drug addiction is a worldwide problem of which opioid dependence,
notably of heroin, is a major component. The World Health Organisation (WHO)
estimates that there are approximately 4.3 million opioid addicts globally, with
approximately 0.7 million in Europe and 0.3 million in the US and Canada.

Opioid dependence is a major healith probiem and long-term heroin use is
connected to a substantially increased risk of premature death from drug
overdoses, violence and suicide. Furthermore, sharing of needles among addicts
contribute to the spreading of potentially fatal blood infections such as HIV, and
hepatitis C. In addition, obioid dependence often leads to difficulties with sacial
relations, inability to manage a normal job and increased criminality to finance
addiction, with severe implications for the opioid dependent person and his/her
family.

Opioid addicts not only feed their addition by direct purchase of opioids “on the

street”, typically in the form of opioid-based powders (such as heroin), but may

also get hold of pharmaceutical formulations intended for the treatment of e.g.
1
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pain. Such individuals then often apply innovative techniques in their abuse of

such formulations, for example by extracting a large quantity of active ingredient
from that formulation into solution, which is then injected intravenously. With
most commercially-available pharmaceutical formulations, this can be done
relatively easily, which renders them unsafe or “abusable”. Thus, there is a
general need for non-abusable pharmaceutical formulations comprising opioid
agonists.

Opioid addicts are often treated by way of “substitution” therapy, in which mainly
“street” opioids of unknown strength and purity are replaced by pharmaceutical-
grade opioids with a longer duration of action, such as buprenorphine.

Further, a new cohort of opioid-dependent individuals has begun to emerge in the

last decade, particdlar!y in the US, namely so-called “white collar” addicts, who
have become dependent upon prescription opioids, typically initiated for the
treatment of pain. Substitution therapy is also required for this growing group of
patients.

Opioid antagonists are used to reverse the pharmacological effects of opioids.
Selective opioid antagonists, such as naloxone, may therefore be used to treat
narcotic drug overdose or to diagnose suspected opioid addiction. Naloxone in
particular has a poor bioavailability when administered transmucosally but is
rendered fully bioavailable when administered by injection.

A simple mixture combination of the opioid partial agonist buprenorphine and
naloxone in a 4:1 ratio for sublingual administration is available under the
trademark Suboxone®. (This and other abuse-resistant opioid-containing
formulations are reviewed by Fudula and Johnson in Drug and Alcohol
Dependence, 83S, S40 (2006). See also US patent applications US
2003/0124061 and US 2003/0191147.)

Because of naloxone's poor transmucosal bioavailability, if Suboxone is taken
sublingually, as directed, the small amount of naloxone that is absorbed should
not interfere with the desired effects of buprenorphine.

2t
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On the other hand, if Suboxone is dissolved and injected by an addict with a view
to achieving a “high”, the increased availability of naloxone via the parenteral
route should serve to antagonize the effects of buprenorphine, at the same time
as precipitating unpleasant opioid withdrawal symptoms in an individual
physically dependent on opioids.

Nonetheless, when administered parenteraily, naloxone’s functional blockade of
buprenorphine’s action is also only partial and is short-lived in its nature. In view
of this, diversion and illicit use of Suboxone has frequently been reported,
especially in hidden populations such as incarcerated and active drug abusers
(see, for example, Alho et al, Drug and Alcohol Dependence, 88, 75 (2007),
Monte et al, Journal of Addictive Diseases, 28, 226 (2009), Stimmel, ibid., 26, 1
(2007) and Smith et al, ibid., 26, 107, 2007). Indeed, a recent study of untreated
intravenous abusers in Finland revealed that 68% reported abuse of Suboxone.
Moreover, 66% of those that had abused the drug once admitted that they had
abused it at least once subsequently, or even regularly thereafter (see Ahlo et al,
supra). '

Further, Suboxone has also been reported to have several other significant
limitations. For example, the tablets are large and disintegrate slowly. The
bioavailability of buprenorphine is also signiﬁcantly‘lower than for a sublingual
solution (see Compton et al, Drug and Alcohol Dependence, 82, 25 (2006)).
Moreover, the taste is not well tolerated by all patients and the tablet has an
unpleasant gritty mouthfeel. A film-based product has recently been developed
to counteract these problems, but the film formulation also does not dissolve
particularly quickly. Furthermore, a maximum of only two films (with doses of 4
mg and 8 mg of buprenorphine) may be administered simuitaneously. Sequential
administration is thus required for (commonly administered) doses in excess of
12 mg or 24 mg of buprenorphine, respectively.

There is thus a presently unmet clinical need for an abuse-resistant product for

use in opioid addiction substitution therapy, but which does not possess the

afore-mentioned limitations. In particular, if it were possible to devise a

formulation that was capable of significantly increasing the bioavailability of

buprenorphine, it might be possible to reduce the amount of this active
3
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pharmaceutical ingredient, giving rise to less opioid in the formulation and so
reducing the amount available for injection if diverted by way of intravenous
abuse.

international patent applications WO 00/16751, WO 2004/067004, WO
2006/103418 and WO 2008/068471 all disclose drug delivery systems for the
treatment of e.g. acute pain by sublingual administration, applying an interactive
mixture principle, in which the active ingredient in microparticulate form is
adhered to the surfaces of larger carrier particles in the presence of a
bioadhesive and/or mucoadhesive promoting agent. WO 2008/068471 in
particular discloses a formulation comprising particles of opioid agonist drug upon
the surfaces of carrier particles comprising an opioid antagonist, such as
naloxone.

Prior art documents, including international patent applications WO 03/005944,
WO 02/067903, WO 2007/141328, WO 2010/132605, WO 01/30288 and US
patent application US 2009/0263476 A1 employ pH modifying agents to promote
dissolution and/or absorption of active ingredients.

We have now found that, by applying a specific formulation principle to a
combination of specific active ingredients, buprenorphine and naloxone, we have
provided a product with unexpected, significantly improved pharmaceutical and
clinical properties.

According to a first aspect of the invention there is provided a pharmaceutical
composition comprising microparticles of a pharmacologically-effective amount of
buprenorphine, or a pharmaceutically-acceptable salt thereof, in associative
admixture with particles comprising a weak acid, or particles comprising weakly-
acidic buffer forming materials. Such compositions are referred to hereinafter as
“the compositions of the invention”.

It is preferred that the pharmaceutical compositions comprising buprenorphine, or
a pharmaceutically-acceptable salt thereof, are presented in admixture (e.g. in
simple mixture) together with a disintegrant.
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In this respect, there is further provided a pharmaceutical composition
comprising: '
0] a composition of the invention as hereinbefore defined (“Component
(iy"); and '
(i) a disintegrant (hereinafter “Component (ii)").
Compositions comprising Components (i) and (ii) are also referred to together
hereinafter as compositions of the invention.

It is further preferred that the pharmaceutical compositions comprising
buprenorphine, or a pharmaceutically-acceptable salt thereof, are presented in
admixture (e.g. in simple mixture) together with a disintegrant and naloxone.

In this respect, there is further brovided a pharmaceutical composition
comprising: .
(a) a composition of the invention comprising Compoanents (i) and/or (ii)
as hereinbefore defined; and
(b) particles of a pharmacologically-effective amount of naloxone, or a
pharmaceutically-acceptable salt thereof (hereinafter “Component
(iii)").
Compositions comprising Component (iii) formulated together with Components,
(i) and/or (ii) are also referred to together hereinafter as compositions of the

invention.

Buprenorphine and pharmaceutically-acceptable salts thereof are presented in
the compositions of the invention in the form of microparticles. Naloxone and
pharmaceutically—écceptable salts thereof may also (e.g. preferably) be presented
in compositions of the invention in the form of microparticles. Microparticies
preferably possess a weight based mean diameter, number based mean
diameter and/or a volume based mean diameter of between about 0.5 um and
about 15 um, such as about 1 um and about 10 um. As used herein, the term
“weight based mean diameter” will be understood by the skilled person to include
that the average particle size is characterised and defined from a particle size
distribution by weight, i.e. a distribution where the existing fraction (relative
amount) in each size class is defined as the weight fraction, as obtained by e.g.

sieving (e.g. wet sieving). As used herein, the term “number based mean
5
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diameter” will be understood by the skilled person to include that the average
particle size is'characterised and defined from a parﬁcle size distribution by
number, i.e. a distribution where the existing fraction (relative amount) in each
size class is defined as the number fraction, as measured by e.g. microscopy. As
used herein, the term “volume based mean diameter” will be understood by the
skilled person to include that the average particle size is characterised and
defined from a particle size distribution by volume, i.e. a distribution where the
existing fraction (relative amount) in each size class is defined as the volume

fraction, as measured by e.g. laser diffraction.

Microparticles of active ingredients may be prepared by standard micronisation
techniques, such as grinding, jet milling, dry milling, wet milling, precipitation, etc.
An air elutriation process may be utilised subsequently to prepare specific size

fractions, if required.

Preferred salts of buprenorphine and naloxone include hydrochloride salts.

Buprenorphine and pharmaceutically-acceptable saits thereof are formulated
together in associative admixture with particles of a weak acid, or with particles of
.weakly-acidic buffer forming materials, to provide compositions of the invention
(or Component (i) of compositions of the invention).

Weakly acidic materials that may be mentioned include those that, when
dissolved in water and/or saliva, enable the provision (at the site of
administration of compositions of the invention) of a pH of between about 4.0
and about 6.5, and maintenance of pH within this range for an appropriate length
of time (e.g. about 1 to about 3 minutes) to facilitate dissolution of, particularly,
the buprenorphone microparticles. For the purpose of this invention, the term
includes substances that are safe for use in mammals, and includes weak acids,
weak acid derivatives and other chemicals that convert to weak acids in vivo
(e.g. precursors that convert to acids in vivo, by for example being sequentially
activated in accordance with properties of the local environment). Typical pKas
of weak acids are in the range of between about -1.5 (e.g. about -1.74) and
about 16 (e.g. about 15.74) (e.g. see Vollhardt, Organic Chemistry (1987). A
preferred range is between about 1 and about 10. More preferably, the weakly
6
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acidic material comprises a weak acid that is safe for human consumption, for
example a food acid, such as citric acid, tartaric acid, malic acid, fumaric acid,
adipic acid, succinic acid, lactic acid, acetic acid, oxalic acid, maleic acid,
ammonium chloride or a combination thereof. The skilled person will appreciate
that, when weak acids are employed which are not salids (and therefore not
particulate) at or around room temperature and atmospheric pressure, they may
be adsorbed into a particulate carrier material (such a silica) in order to provide

particles comprising the weakly acidic material.

Weakly-acidic buffer forming materials inciude materials that, when dissolved in
water and/or saliva, provide a weakly acidic buffer system, enabling the provision
(at the site of administration of compositions of the invention) of a pH of between
about 4.0 and about 6.5, and maintenance of pH within this range for an
appropriate length of time (e.g. about 1 to about 3 minutes) to facilitate
dissolution of, particularly, the buprenorphone microparticles. Buffer forming
materials thus include combinations of weak acid and salt of weak acid, such as
combinations of the aforementioned acids with alkaline salts of those acids,
including sodium citrate, potassium citrate, sodium tartrate, potassium tartrate
and the like. Preferred buffer forming materials are citric acid and sodium citrate.
The skilled person will appreciate that, when materials are employed which are
not solids (and therefore not particulate) at or around room temperature and
atmospheric pressure, they may be adsorbed into a particulate carrier material
(such as silica) in order to provide particles comprising the weakly-acidic buffer

forming materials.

Suitable particles sizes of weakly acidic, or weakly-acidic buffer forming, materials
are in the range about 1 pm and about 1000 ym (e.g. about 800 ym, such as
about 750 um), and preferably between about 40 (such as about 50 ym) and

about 600 um.

The disintegrant or “disintegrating agent” that may be employed as, or as part of,

Component (ii) in compositions of the invention may be defined as any material

that is capable of accelerating to a measurable degree the

disintegration/dispersion of a composition of the invention. The disintegrant may
thus provide for an in vitro disintegration time of about 30 seconds or less, as
7
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measured according to e.g. the standard United States Pharmacopeia (USP)
disintegration test method (see FDA Guidance for Industry: Orally Disintegrating
Tablets; December 2008). This may be achieved, for example, by the material
being capable of swelling, wicking and/or deformation when placed in contact

- with water and/or mucous (e.g. saliva), thus causing tablet formuiations to

disintegrate when so wetted.

Suitable disintegrants (as defined in, for example, Rowe et al, Handbook of
Pharmaceutical Excipients, 68" ed. (2009)) include cellulose derivatives such as
hydroxypropyl cellulose (HPC), low substituted HPC, methyl cellulose, ethyl
hydroxyethyl cellulose, carboxymethyl cellulose calcium, carboxymethyl cellulose
sodium, microcrystalline cellulose, modified cellulose gum; starch derivatives
such as moderately cross-linked starch, modified starch, hydroxylpropy! starch
and pregelatinized starch; and other disintegrants such as calcium alginate,
sodium alginate, alginic acid, chitosan, colloidal silicon dioxide, docusate sodium,
guar gum, magnesium aluminium silicate, polacrilin potassium and
polyvinylpyrrolidone. Combinations of two or more disintegrants may be used.

Preferred disintegrants include so-called “superdisintergrants” (as defined in, for
example, Mohanachandran et al, International Journal of Pharmaceutical
Sciences Review and Research, 6, 105 (2011)), such as cross-linked
polyvinylpyrrolidone, sodium starch glycolate and croscarmellose sodium.
Combinations of two or more superdisintegrants may be used.

Disintegrants may also be combined with superdisintegrants in compositions of
the invention.

Disintegrants and/or superdisintegrants are preferably employed in an (e.g. total)
amount of between 0.5 and 15% by weight based upon the total weight of a
composition. A preferred range is from 1 to 8%, such as from about 2 to about
7% (e.g. about 5%, such as about 4%) by weight.

Compositions of the invention may be formulated together (along with any other
materials that may be present) by standard simple mixing techniques or by way of
granulation.
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Granules may be prepared by a process of dry granulation, wet granulation, melt

granulation, thermoplastic pelletising, spray granulation or
extrusion/spheronisation.

Wet granulation techniques are well known to those skilled in the art and include
any technique involving the massing of a mix of dry primary powder particles
using a granulating fluid, which fluid comprises a volatile, inert solvent, such as
water, ethanol or isopropanol, either alone or in combination, and optionally in the
presence of a binder or binding agent. The technique may involve forcing a wet
mass through a sieve to produce wet granules which are then dried, preferably to
a loss on drying of less than about 3% by weight.

Dry granulation techniques are also well known to those skilled in the art and
include any technique in which primary powder particles are aggregated under

high pressure, including slugging and roller compaction, for example as described
hereinafter.

Meit granulation will be known by those skilled in the art to include any technique
in which granules are obtained through the addition of a molten binder, or a solid
binder which melts during the process. After granulation, the binder solidifies at
room temperature. Thermoplastic pelletising will be known to be similar to melt
granulation, but in which plastic properties of the binder are employed. In both
processes, the agglomerates (granules) obtained comprise a matrix structure.

Spray granulation will be known by those skilled in the art to include any
technique involving the drying of liquids (solutions, suspensions, melts) while
simultaneously building up granulates in a fluid bed. The term thus includes
processes in which foreign seeds (germs) are provided upon which granules are
built up, as well as those in which inherent seeds (germs) form in the fluid bed
due to abrasion andfor fracture, in addition to any spray coating granulation
technique generally. The sprayed liquid coats the germs and assists further

agglomeration of particles. It is then dried to form granules in the form of a
matrix.
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Extrusion/spheronisation will be well known to those skilled in the art to include
any process involving the dry mixing of ingredients, wet massing along with a
binder, extruding, spheronising the extrudate into spheroids of uniform size, and
drying.

Microparticles of buprenorphine or salt thereof and particles of weakly acidic,
weakly-acidic buffer forming, materials are presented in associative admixture
with each other in compositions of the invention. By "associative admixture” we
mean that whether or not Component (i) is subsequently formulated along with
Components (i) and (i) as hereinbefore defined, some form of mixing step
(simple mixing, granulation as described hereinbefore, or otherwise) takes place
as between the buprenorphine/salt microparticles and particles of weakly acidic,
weakly-acidic buffer forming, materials, rendering them in intimate contact with
each other.

In this respect, Component (i) is preferably presented as, or as part of, a
composition of the invention in the form of a interactive mixture comprisfng at
least one population of carrier particles upon the surfaces of which are presented
(e.g. adhered) microparticles of buprenorphine or a pharmaceutically acceptable
salt thereof.

The term “interactive” mixture will be understood by those skilled in the art to
include the term “ordered” mixture, and to denote a mixture in which particles do
not appear as single units, as in random mixtures, but rather where smaller
particles (e.g. microparticles of, for example, buprenorphine) are attached to (i.e.
adhered to or associated with) the surfaces of larger carrier particles. Such
mixtures are characterised by interactive forces (for example van der Waals
forceé, electrostatic or Coulomb forces, and/or hydrogen bonding) between
carrier and surface-associated particles (sée, for example, Staniforth, Powder
Technol., 45, 75 (1985)). In final mixtures, and compositions comprising such
mixtures, the interactive forces need to be strong enough to keep the adherent

particles at the carrier surface.

When interactive mixtures are employed as the formulation principle by which the
particulate Component (i) is presented in a composition of the invention, these
10
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are made, preferably, with carrier particles that are of a size (weight and/or
volume based average or mean diameter, vide supra) that is between about 30
pm and about 1000 ym (e.g. about 800 pm, such as about 750 pm), and
preferably between about 40 (such as about 50 ym) and about 600 pm.

Carrier particles may comprise pharmaceutically-acceptable substances that are
soluble in water, such as carbohydrates, e.g. sugars, such as lactose, and sugar
alcohols, such as mannitol, sorbitol and xylitol; pharmaceutically-acceptable
inorganic saits, such as sodium chloride. Water soluble carrier particles may also
comprise the weakly acidic, and/or weakly acidic buffer forming materials,
mentioned hereinbefore (sUch as citric acid and/or sodium citrate). Alternatively,
carrier particles may comprise pharmaceutically-acceptable substances that are
insoluble or sparingly soluble in water, such as dicalcium phosphate anhydrate,
dicalcium phosphate dihydrate, tricalcium‘ phosphate, calcium carbonate, and
barium sulphate; starch and pre-gelatinised starch;
mucoadhesive materials, such

bioadhesive and

as crosslinked polyvinylpyrrolidone and
croscarmellose sodium; and other polymers, such as microcrystalline celiulose,
cellulose and; or mixtures thereof.

By “soluble in water” we include that the material has a solubility in water that is

greater than 33.3 mg/mL at atmospheric pressure (e.g. 1 bar) and room

temperature (e.g. 21°C). On the other hand, the term “sparingly soluble or

insoluble in water” includes materials that have a solubility in water that is less

than 33.3 mg/mL under the same conditions. Preferred soluble carrier particle

materials include sugar alcohols, such as sorbitol, xylitol and particularly
mannitol. Preferred sparingly water-soluble or water-insoluble carrier particle

materials include cellulose and starches, such as microcrystalline cellulose.

It is preferred that buprenorphine or pharmaceutically acceptable sait thereof is
presented on the surfaces of water-soluble carrier particles.

In this respect, as stated above, weakly acidic materials, and/or weakly-acidic
buffer forming materials, may also function as water-soluble carrier particle
materials.  Therefore, the associated admixture of such materials with
puprenorphine/salt thereof may mean the former comprise carrier particles upon

11
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which microparticles of the latter are presented. In such cases, it is preferred that
such materials are presented at least as further water-soluble carrier particles, in
addition to the presence of other water-soluble carrier particles, upon the
surfaces of both of which are presented burprenorphine microparticles.

When carrier particles comprise such weakly acidic/buffer forming materials,
composites of such materials with other water-soluble carrier particle materials
(such as those described hereinbefore) may be provided. Such materials may be
prepared by direct compression or granulation, for example. Alternatively, carrier
particles may consist essentially of a weakly acidic material and/or one or more
materials that, when dissolved in saliva, give rise to a weakly acidic buffer
system. By “consisting essentially” of such materials, we mean that, excluding
the possible presence of water (vide infra), the carrier particles comprise at least
about 95%, such as at least about 98%, more preferably greater than about 99%,
and particularly at least about 99.5% by weight (based on the total weight of the
carrier particle) of such materials. These percentages exclude the presence of
trace amounts of water (e.g. crystal water or water bound to external surfaces of
materials), and/or any impurities that may be present in such materials, which
impurities may arise following the production of such materials, either by a
commercial or non-commercial third party supplier, or by a skilled person making

a composition of the invention.

Alternatively (and/or in addition), in Component (i), particles of weakly acidic
material, and/or of weakly-acidic buffer forming materials, may be presented, at
least in part, upon the surfaces of, and/or between, carrier particles. in such
cases, suitable particle sizes of such materials are as presented herein for active

ingredients and/or disintegrants.

When employed in compositions of the invention, Components (ii) and (iii) are
preferably formulated together, for example to form particles comprising naloxone
or salt thereof and the disintegrant, prior to mixing with Component (i).

Furthermore, in Component (iii), particles of naloxone, or pharmaceutically-

acceptable salts thereof, may also be presented upon the surfaces of carrier

particles in compositions of the invention, but this is not essential. Such carrier
12
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particles may be water-soluble (as hereinbefore defined), or may (preferably) be
water-insoluble/sparingly soluble carrier particles.

Disintegrant and/or superdisintegrant materials, may also be presented, at least
in part, as particles upon the surfaces of, and/or between, carrier particles, which
may or may not also carry naloxone or salt thereof. If employed in particulate
form, particles of disintegrants and/or superdisintegrants may be presented with a
particle size (weight and/or volume based average or mean diameter, vide supra)
of between about 0.1 and about 100 ym (e.g. about 1 and about 50 ym).

Alternatively, disintegrants and/or superdisintegrants may also be present as a
constituent in composite excipients. Composite excipients may be defined as co-
processed excipient mixtures. Examples of composite excipients comprising
superdisintegrants are Parteck® ODT, Ludipress® and Prosolv® EASYtab.

Bio/mucoadhesive materials may also be presented in compositions of the
invention. Such materials may be presented upon (e.g. adhered to) the surfaces
of carrier particles when components of compositions of the invention are
presented in the form of interactive mixtures.

Compositions of the invention may be employed in the treatment of opioid
dependency and/or addiction as described hereinbefore, for example in
substitution therapy programs. Opioid dependency and/or addiction may be
defined in numerous ways (see, for example,
www.who.int/substance abuse/terminology/definition1), but may be characterized
for example by physiological, behavioural, 2nd cognitive phenomena wherein the
use of a substance or a class of substances takes on a much higher priority for a
given individual than other behaviours that once had greater value, and/or
characterised by a desire (often strong, and sometimes overpowering) to take
opioids and/or opiates (which may or may not have been medically prescribed).
It is particularly preferred that compositions of the invention comprising naloxone
are used in the treatment of opioid dependency and/or addiction.

Buprenorphine is a partial agonist at the p-opioid receptor and an antagonist at
the k-opioid receptor. It has high binding affinity at both receptors and competes
13
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with other agonists, such as methadone, heroin (diamorphine) and morphine, at
the p-opioid receptor. Opioid agonist effects of buprenorphine are less than the
maximal effects of other, “full” opioid agonists, such as morphine, and are limited
by a “ceiling” effect. The drug thus produces a lower degree of physical
dependence than other opioid agonists, such as heroin, morphine or methadone
and is therefore particularly useful in substitution therapy.

The term “pharmacologically effective amount’ refers to an amount of an active
ingredient, which is capable of conferring a desired therapeutic effect on a treated
patient, whether administered alone or in combination with another active
ingredient. Such an effect may be objective (i.e. measurable by some test or
marker) or subjective (i.e. the subject gives an indication of, or feels, an effect).

Thus, appropriate pharmacologically effective amounts of buprenorphine (or salt
thereof) include those that are capable of producing, and/or contributing to the
production of, the desired therapeutic effect, namely decreased opioid and/or
opiate craving and/or decreased illicit drug use, when administered
transmucosally, whereas appropriate pharmacologically effective amounts of
naloxone (or salt thereof) when employed must be sufficient so as not to compete
with the above-mentioned pharmacological effect of the buprenorphine present in
the composition of. the invention upon transmucosal administration, but to
antagonize the effect of the buprenorphine and precipitate withdrawal symptoms
if an attempt is made by an opioid-addicted individual to inject a composition of
the invention.

The amounts of active ingredients that may be employed in compositions of the
invention may thus be determined by the skilled person, in relation to what will be
most suitable for an individual patient. This is likely to vary with the route of
administration, the type and severity of the condition that is to be treated, as well
as the age, weight, sex, renal function, hepatic function and response of the
particular patient to be treated.

The total amount of buprenorphine/sait thereof that may be employed in a

composition of the invention may be in the range of about 0.1%, such as about

1%, to about 20%, such as about 10%, by weight based upon the total weight of
14
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the composition. The amount of this active ingredient may also be expressed as
the amount in a unit dosage form (e.g. a tablet). In such a case, the amount of
buprenorphine/salt that may be present may be sufficient to provide a dose per
unit dosage form that is in the range of between about 0.1 mg, such as about 1
mg and about 50, for example about 30, such as about 20 mg (e.g. about 15 mg,
such as about 10 mg). Preferred ranges for the treatment of pain are about 0.1

mg to about 4 mg. Preferred ranges for substitution therapy are about 0.5 mg to
about 50 mg, such as about 1 mg to about 10 mg.

When employed, the total amount of naloxone/salt thereof that may be employed
in a composition of the invention may be in the range about 0.125%, such as
about 0.25% to about 5%, such as about 2.5%, by weight based upon the total
weight of the composition. The amount of this active ingredient may also be
expressed as the amount in a unit dosage form (e.g. a tablet). In such a case,
the amount of naloxone/salt that may be present may be sufficient to provide a

dose per unit dosage form that is in the range of between about 0.125 mg and
about 12.5 mg, such as about 0.25 mg to about 2.5 mg.

Aithough, for compositions of the invention containing naloxone, it is preferred
that the dose ratio of buprenorphine:naloxone is maintained at about 4:1, the
above-mentioned dosages are exemplary of the average case; there can, of

course, be individual instances where higher or lower dosage ranges are merited,
and such are within the scope of this invention.

Compositions of the invention, once prepared, are preferably directly

compressed/compacted into unit dosage forms (e.g. tablets) for administration to
mammalian (e.g. human) patients, for example as described hereinafter.

Compositions of the invention in the form of tablets for e.g. sublingual
administration may also comprise a binder.

A binder may be defined as a

material that is capable of acting as a bond formation enhancer, facilitating the

compression of the powder mass into coherent compacts.
include cellulose gum and microcrystalline cellulose.

p

Suitable binders

If present, binder is
referably employed in an amount of between 0.5 and 20% by weight based

15
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upon the total weight of the tablet formulation. A preferred range is from 1 to
15%, such as from about 2.0 to about 12% (e.g. about 10%) by weight.

Suitable further additives and/or excipients that may be employed in compositions
of the invention, in particular those in the form of tablets for e.g. sublingual

administration may comprise:
(a) lubricants (such as magnesium stearate or, preferably, sodium stearyl

fumarate);

(b) flavourings (e.g. lemon, peppermint powder or, preferably, menthol),
sweeteners (e.g. neohesperidin, acesulfame K or, preferably, sucralose)
and dyestuffs;

(c) antioxidants, which may be naturally occurring or otherwise (e.g. butylated
hydroxytoluene (BHT), vitamin C, vitamin E, B-carotene, uric acid,
uniquion, superoxide dismutase (SOD), glutathione peroxidase or
peroxidase catalase), and/or

(d) other ingredients, such as carrier agents, preservatives and gliding agents

(e.g. colloidal silica).

Compositions of the invention may be prepared by standard techniques, and
using standard equipment, known to the skilled person.

When presented in the form of interactive mixtures, particles of e.g.
buprenorphine/salt may be dry mixed with relevant carrier particles over a period
of time that is sufficiently long to enable appropriate amounts of respective active
ingredients to adhere to the surface of the carrier particles. This may also apply
to other active ingredients and/or excipients defined hereinbefore.

The skilled person will appreciate that, in order to obtain a dry powder formulation
in the form of an interactive mixture, larger carrier particles must be able to exert

enough force to break up agglomerates of smaller particles. This ability will

primarily be determined by particle density, surface roughness, shape, flowability

and, particularly, relative particle sizes.

Standard mixing equipment may be used in this regard. The mixing time period
is likely to vary according to the equipment used, and the skilled person will have
16
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no difficulty in determining by routine experimentation a suitable mixing time for a
given combination of active ingredient and carrier particle material(s).

Interactive mixtures may also be provided using techniques other than dry mixing,
which techniques will be well known to those skilled in the art.

Other ingredients may alternatively be incorporated by standard mixing or other
formulation principles.

The compositions of the invention may be administered transmucosally, such as
buccally, rectally, nasally or preferably sublingually by way of appropriate dosing
means known to the skilled person. A sublingual tablet may be placed under the
tongue, and the active ingredients absorbed through the surrounding mucous

membranes.

In this respect, the compositions of the invention may be incorporated into various
kinds of pharmaceutical preparations intended for transmucosal (e.g. sublingual)
administration using standard technigues (see, for example, Lachman et al, "The
Theory and Practice of Industrial Pharmacy”, Lea & Febiger, 3™ edition (1986)
and "Remington: The Science and Practice of Pharmacy’, Gennaro (ed.),
Philadelphia College of Pharmacy & Sciences, 19" edition (1995)).

Pharmaceutical preparations for sublingual administration may be obtained by
combining compositions of the invention with conventional pharmaceutical
additives and/or excipients used in the art for such preparations, and thereafter
preferably directly compressed/compacted into unit dosage forms (e.g. tablets).
(See, for example, Pharmaceutical Dosage Forms: Tablets. Volume 1, 2
Edition, Lieberman et al (eds.), Marcel Dekker, New York and Basel (1989) p.
354-356 and the documents cited therein.) Suitable compacting equipment
includes standard tabletting machines, such as the Kilian SP300, the Korsch
EKO, the Korsch XP1, the Korsch XL 100 or the Korsch PharmaPress 800.

Suitable final sublingual tablet weights are in the range of about 30 to about 400

mg, such as about 40 (e.g. about 50) to about 200 mg, for example about 50 (e.g.

about 60) to 180 mg, more preferably between about 60 (e.g. about 70) and
17
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about 160 mg. Suitable final tablet diameters are in the range of about 3 to about
12 mm, for example about 4 to about 10 mm, and more preferably about 5 to
about 9 mm. Suitable fina! tablet thicknesses are in the range of about 0.5 mm to
about 4 mm, such as about 1.5 mm to about 3 mm. Various tablet weights are
possible (e.g. circular, triangular, square, diamond, polygon or oval).

Irrespective of the foregoing, compositions of the invention comprising
disintegrants (or other. excipients that function by swelling) should be essentially
free (e.g. less than about 20% by weight based on the total weight of the
formulation) of water. It will be evident to the skilled person that “premature”
hydration will dramatically decrease the performance of a tablet formulation in
use and may result in premature dissolution of active ingredients.

Wherever the word “about” is employed herein in the context of dimensions (e.g.
tablet sizes and weights, particle sizes etc.), surface coverage (e.g. of carrier
particles by particles of active ingredients), amounts (e.g. relative amounts of
individual constituents in a composition or a component of a composition and
absolute doses (including ratios) of active ingredients), temperatures, pressures,
times, pH values, concentrations, etc., it will be appreciated that such variables
are approximate and as such may vary by = 10%, for example * 5% and
preferably £ 2% (e.g. + 1%) from the numbers specified herein.

Compositions of the invention may be administered by way of appropriate dosing
means known to the skilled person. For example, a sublingual tablet may be
placed under the tongue, and the active ingredients absorbed through the
surrounding mucous membrane.

We have found that compositions of the invention surprisingly give rise to
significantly improved bioavailability for buprenorphine when compared to prior
art, commercially-available formulations. This means that formulations with lower
single doses of buprenorphine may be administered by way of compositions of
the invention, so reduéing the “street value” of a single tablet when it comprises a
composition of the invention, with more than one such tablet being required to
give the same effect when illicitly administered parenterally (i.e. in “streetl” terms,
the same “fix"). This means that compositions of the invention are less likely to
18
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be abused than prior art, commercially-available formulations (see Comer et al,
Addiction, 105, 709-718 (2010)).

Additionally, we have found that compositions of the invention comprising
naloxone also surprisingly give rise to significantly (and simuitaneously with
buprenorphone) improved bioavailability for naloxone when compared to prior art,
commercially-available formulations.

Compositions of the invention comprising naloxone thus surprisingly give rise to
similar, almost parallel, degrees of improved bioavailability for both
buprenorphine and naioxone, which means that the “optimal’ ratio of
buprenorphine to naloxone, which has been arrived at to reduce abuse potential
(see, for example, Mendelson and Jones, Drug and Alcohol Dependence, 70, 829
(2003)), may be maintained, and doses of both active ingredients therefore
lowered by an equivalent amount.

Finally, compositions of the invention comprising naloxone give rise to a lower
norbuprenorphine:buprenorphine ratio in plasma when compared to prior art,
commercially-available formulations. A lower norbuprenorphine to buprenorphine
ratio is also seen after sublingual administration of an ethanol solution compared
to a tablet formulation (see Harris et al, Clin. Pharmacokinet., 43, 329 (2004)) as
dose is increased, suggesting that less buprenorphine is being swallowed. In
addition, less norbuprenorphine is found in the plasma after parenteral
administration compared to sublingual administration (Sigmon et al, Addiction,
101, 420 (2005)), further supporting the notion that riorbuprenorphine is formed
from swallowed buprenorphine by first pass metabolism through the liver. Thus,
the lower norbuprenorphine:buprenorphine ratio reported herein may be reflective
of the fact that more buprenorphine is absorbed over the sublingual mucosa {and
jess is swallowed) than with prior art, commercially available formulations. There
may also be benefits from the reduction of the norbuprenorphine:burprenorphine
ratio per se, such as reduced respiratory depression (see Megarbane et al,
Toxicology and Applied Phamacology, 212, 256 (2006)).

According to a further aspect of the invention, there is further provided a method
of treating opioid dependency and/or addiction in a human, which method
19
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comprises sublingual administration of a pharmaceutical composition comprising
buprenorphine or a pharmaceutically acceptable salt thereof, at a dose of 0.5 to
50 mg, in combination with naloxone or a pharmaceutically acceptable salt
thereof, in about a 4:1 (buprenorphine:naloxone) dose ratio, to a human patient
suffering from opioid dependency andfor addiction, wherein said formulation
achieves after an initial dose in any given treatment program a ratio of
norbuprenorphine/buprenorphine concentrations in plasma of less than about 1.0
based upon the total AUC (area under the plasma concentration-time curve from
time zero to the time of the last quantifiable plasma concentration).

Such methods may comprise administration of a composition of the invention as
defined herein.

By “any given treatment program”, we mean any course of treatment of a patient
with a composition of the invention.

The compositions of the invention are useful in the treatment of opioid
dependency and/or addiction. Compositions of the invention may also be useful
in the treatment of pain (including mild, moderate and severe pain).

According to three further aspects of the invention there are provided:

(i) a method of treatment of opioid dependency and/or addiction;

(ii) a method of treatment of pain; and

(iii) a method of treatment of both pain and opioid dependency and/or addiction,
which methods comprise administration of a composition of the invention to a
person suffering from, or susceptible to, the relevant conditions.

By "treatment” of pain we include the therapeutic treatment, as well as the
symptomatic and palliative treatment of the condition. However, by “treatment” of
opioid dependency and/or addiction, we further include the prophylaxis, or the
diagnosis of the relevant condition in addition to therapeutic, symptomatic and
palliative treatment. This is because, by employing buprenorphine in the
treatment of pain, compositions of the invention may prevent the development of
opioid dependency and/or addiction.

20
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and/or a rapid uptake of the active ingredients employed through the mucosa,

such as the oral mucosa, thus enabling rapid relief of symptoms, such as those

5 described hereinbefore.
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The compositions of the invention also have the advantage that, if injected by an

opioid addict, they do not produce the euphoric effects that such an addict seeks
and indeed induce opioid withdrawal symptoms.

Compositions of the invention may also have the advantage that they may be
prepared using established pharmaceutical processing methods and employ

materials that are approved for use in foods or pharmaceuticals or of like
regulatory status.

Compositions of the invention may also have the advantage that they may be
more efficacious than, be less toxic than, be longer acting than, be more potent
than, produce fewer side effects than, be more easily absorbed than, possess a
better patient acceptability than, have a better pharmacokinetic profile than,
and/or have other useful pharmacological, physical, or chemical properties over,

pharmaceutical compositions known in the prior art, whether for use in the
treatment of opioid addiction or pain or otherwise.

The invention is illustrated by way of the following examples, with reference to the
attached figures in which analyte concentration-time plasma profiles are
presented in linear scale plots for buprenorphine (Figure 1), norbuprenorphine
(Figure 2) and naloxone (Figure 3) following sublingual administration of tablets
comprising a composition of the invention (diamonds) and the commercially-
available comparator, Suboxone® (squares); Figure 4 shows an in vivo sublingual
pH profile obtained for a placebo composition (analogous to one prepared in

accordance with the invention); Figure 5 shows comparative in vitro pH profiles
for composition of the invention versus Suboxone and other comparators; and

Figures 6 and 7 show release of buprenorphine and naloxone, respectively, from
the compositions referred to in Figure 5.
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Example 1
Buprenorphine/Naloxone Sublingual Tablets |

Naloxone hydrochloride dihydrate (Macfarlan Smith, Edinburgh, UK) and
buprenorphine hydrochloride (Macfarlan Smith, Edinburgh, UK) were micronised
using an air jet mill (Pilotmill-1/Food and Pharma Systems, (taly). The volume
based mean particle size (diameter) of the buprenorphine was 3.4 ym and of the
naloxone was 4.6 ym.

9.15 g of the micronised naloxone hydrochloride was mixed together with
microcrystalline cellulose (47.50 g; Avicel™ PH102 (mean particle size 100 ym),
FMC Biopolymer, Cork, Ireland) and croscarmellose sodium (18.00 g; AcDiSol™,
FMC Biopolymer) in a tumble blender (Turbula, WAG, Switzerland) for 40 hours.

32.40 g of the micronised buprenorphine hydrochloride was mixed together with
mannitol (314.20 g; Pearlitol™ 200SD, Roquette, Lestrem, France), sieved citric
acid (15.00 g; fine granular 16/40 grade, DSM, Switzerland, Basel) and sieved (to
avoid agglomeration) sodium citrate (48.75 Q) Emprove™ cryst., Merck,
Darmstadt, Germany) in a tumble blender for 40 hours.

Menthol (5.00 g; Emprove™ cryst., Merck) was mortared until a fine powder was
formed. This and also acesulfame potassium (5.00 g; Sunett Pharma D,
Nutrinova, Kelsterbach, Germany) and anhydrous colloidal silica (5.00 g;
Aerosil™ 200 Pharma, Evonik Degussa, Hanau-Wolfgang, Germany) were added
by sieving into the buprenorphine premix, together with the naloxone premix, and
the whole mixed together in a tumble blender for 1 hour.

Sodium stearyl fumarate (10.00 g; Pruv™, JRS Pharma, Polanco, Spain) was

then added by sieving into this mixture and mixing continued in the tumble

blender for 5 minutes.
The final powder mixture was then compressed into tablets in a tablet machine
(Korsch XP1) equipped with 7 mm round, flat faced, radius-edged punches, to a

tablet weight of 102 mg and a tablet crushing strength of 35 N.
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Example 2
Clinical Trial

The tablets of Example 1 were sublingually administered in an open-label, 2-
period crossover study with randomised treatment sequence.

The study comprised a screening visit conducted within 28 days prior to first
treatment, two treatment periods each of 4 days length (Day -1 to Day 3) and a
washout period of at least 10 days between treatment periods. During the
treatment periods, subjects were admitted to the clinical unit on the morning prior
to first dosing (Day -1) and' remained in the unit until the completion of Day 3
procedures. A follow-up visit was carried out 5 to 10 days after completion of the
second Investigational Medicinal Product (IMP) administration.

The IMPs were sublingual tablet prepared in accordance with Example 1 (6 mg
buprenorphine/1 5 mg naloxone; hereafter “formulation of the invention”) and, as
the reference product, Suboxone sublingual tablet (8 mg buprenorphine/2 mg
naloxone; Reckitt Benckiser Healthcare Ltd, Hull, UK). Treatment with
formulation of the invention, or Suboxone (1 tablet) in alternate periods was open-
label and was administered on Day 1 in each treatment period.

Naltrexone tablets (Nalorex®, 50 mg, Bristol-Myers Squibb Pharmaceuticals Ltd;
Uxbridge, UK) were administered orally (one 50 mg tablet), at -24 to -16 hours, -1
hour (x5 minutes) and +24 hours (1 hour) in relation to administration of IMP, as

a naltrexone block in the study (in order to alleviate opioid side effects during the
study).

Eighteen healthy male volunteers aged between 18 and 50 years were enrolled.
These received both treatments and were evaluated. The mean age was 29.8
years and ages ranged from 19 to 49 years. All subjects were male Caucasians.
The mean weight was 78.16 kg and ranged from 63.0 to 93.5 kg. The mean body
mass index of the subjects was 25.05 kg/m? and ranged from 20.7 to 28.9 kg/m?.

All subjects (except one) reported current alcohol use ranging from 1 to 20 units
per week. No subject was a current smoker. All subjects reported current
23
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caffeine use of 1 1o 5 cups or cans per day. No subject had been treated with
opioids within 1 year prior to screening.

No subject reported any pre-study medication (taken within 2 weeks prior to

screening). One subject reported ongoing use of antihistamines for systemic use
by oral tablet or capsule to treat seasonal allergic rhinitis.

Trial medication was administered in the clinic under the supervision of clinic
personnel. '

All subjects who were enrolled in the study and who received at least one dose of
trial medication. All randomised subjects who received at least one treatment,
had at least one evaluable plasma profile and had no major protocol deviations

that could have a substantial effect on the buprenorphine, norbuprenorphine or
naloxone plasma concentration profile, such as:

swallowing of study medication (applies to both formulation of the
invention and Suboxone)
vomiting within 4 hours after administration of either type of tablet

having a pre-dose quantifiable concentration that is > 5% of a subject’s
Cmax

All randomised subjects who received at least one treatment and had
disintegration or acceptability data present for at least one treatment.

Pharmacokinetic (PK) variables were based on plasma concentrations of
buprenorphine, norbuprenorphine (a metabolite of buprenorphine) and naloxone
and were calculated using standard, non-compartmental methods.

The PK
non-compartmental analysis was performed using WinNonlin™ Professional

version 5.2. Data permitting, the following parameters were determined:

tiag lag time before the start of absorption
maximum plasma concentration
tmax

time to reach maximum plasma concentration

area under the plasma concentration-time curve from time zero to
the time of the last quantifiable plasma concentration

24

Copy provided by USPTO from the IFW Image Database on 08/08/2012



10

15

20

25

30

35

e AUCp4s area under the plasma concentration-time curve from time zero to
48 hours post-dose
e MR metabolic ratio

In addition, the relative bioavailability (F..) of formulation of the invention to
Suboxone was derived based on dose-adjusted PK data.

Subjects were classified as evaluable or non-evaluable with respect to the PK
evaluation by the pharmacokineticist after examining the subjects PK profiles and
taking into account any deviations with respect to those listed above. The PK
analyses based on the PK population included only those subjects with evaluable
PK data.

Actual blood sampling times for buprenorphine, norbuprenorphine and naloxone
were converted to a time from dosing (elapsed time). Elapsed times were listed
by subject for each treatment, together with the individual buprenorphine,
norbuprenorphine and naloxone concentrations. Elapsed times were used in the
PK analysis.

The buprenorphine, norbuprenorphine and naloxone concentrations were
summarised by descriptive statistics of number of missing samples, number of
samples less than the lower limit of quantification (<LOQ), n, arithmetic mean,
SD, CV(%), geometric mean, 95% confidence intervals (Cl) for the arithmetic
mean, median, minimum and maximum. All buprenorphine, norbuprenorphine
and naloxone concentrations <LOQ were set to zero for the purpose of
calculating descriptive statistics. [If at any time-point 1/3 or more of subjects had
values <LOQ, descriptive statistics were not calculated.

The PK parameters Cuax, AUCo.t and AUCous of buprenorphine, norbuprenorphine
and naloxone were compared between treatments using a mixed effects Analysis
of Variance (ANOVA) procedure.

Arithmetic mean (+SD) analyte concentration-time plasma profiles are presented

in linear scale plots for each analyte in Figures 1 (buprenorphine), 2

(norbuprenorphine) and 3 (naloxone) with both treatments included on each plot.
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It can be seen from these figures that, for both buprenorphine and
norbuprenorphine after administration of formulation of the invention (diamonds),
and Suboxone (squares), plasma concentrations of all three analytes increased
to a maximum then declined in a biphasic manner.

In relation to other PK parameters:

(i)

(it

(iii)

(iv)

v)

on average, the lag time was slightly shorter after treatment with
formulation of the invention compared to Suboxone by 15% for
buprenorphine, 29% for norbuprenorphine and 34% for naloxone;
the range of times at which maximal concentrations were attained
(tmax) Was similar between treatments for all analytes. Median tmax
values were less than or equal to 1 h for buprenorphine and naloxone
indicating rapid sublingual absorption following administration of both
formulation of the invention and Suboxone. For norbuprenorphine,
tmax Was generally similar to buprenorphine after both treatments
indicating metabolism of buprenorphine to norbuprenorphine was
rapid;
the mean metabolite ratios exceeded 0.5 indicating extensive
metabolic conversion of buprenorphine to norbuprenorphine, with
conversion being 31% lower following administration of formulation of
the invention compared to Suboxone. This result is significant as it
means that more buprenorphine is absorbed sublingually in the case
of formulation of the invention;
the doses of both buprenorphine and naloxone were lower in the
formulation of the invention, but mean systemic exposure, in terms of
Cmax and AUC, of buprenorphine and naloxone were higher when
compared to Suboxone, and, as stated above, the values were lower
for norbuprenorphine; and
the mean relative bioavailabilities of formulation of the invention to
Suboxone were 1.659 and 2.056 for buprenorphine and naloxone
respectively, indicating higher dose-normalised systemic exposure
following administration of formulation of the invention. For
norbuprenorphine the dose-normalised systemic exposure appeared
to be similar between treatments with a mean relative bioavailability of
1.084. The buprenorphine result is significant. The reported relative
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bicavailability of a sublingually-administered ethanol solution
comprising buprenorphine (where conditions are theoretically
optimised for rapid absorption over the sublingual mucosa) compared
to Suboxone was reported to be 1.5 (see Compton et al, Drug and
Alcohol Dependence, 82, 25 (2008)). The fact that the relative
number reported in this study for a solid sublingual tablet was even
higher than that reported for a solution is remarkable.

Disintegration time of the tablets was assessed by either a nurse or a physician
by mouth inspections, and was also reported by the subjects, who were given
thorough instructions of the dosing procedures prior to dosing on Day 1 in both
treatment periods, including the procedures for observer and subject
assessments of disintegration.  Subjects were to report any premature

swallowing.

The sublingual space and the tablet were examined to determine the time to
disintegration. The tablet residues were characterised as ‘intact’, ‘fragments’,
‘paste like residue’ or ‘dissolved’. Inspections were carried out every 2 minutes
and the findings recorded until the tablet was completely disintegrated. In
addition, the subject was instructed to indicate when they thought the IMP was
dissolved by raising their hand or to indicate whether they had swallowed the
tablet before it was dissolved. The tifne of dissolution or swallowing was
recorded.

Median time to non-intact tablets was 2 minutes for the formulation of the
invention and was 8 minutes for Suboxone.

Summary and Conclusions

The above-reported parameter ratios suggest that the formulation of the invention
resuited in slightly higher plasma buprenorphine and naloxone concentrations
and slightly lower plasma norbuprenorphine concentrations than the comparator.
The former result is despite the initial dose being lower which indicates that it may
be possible to reduce dose still further. Tablets comprising formulations of the
invention also disintegrated faster than the comparator.
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Example 3
Buprenorphine/Naloxone Sublingual Tablets Ii

3.97 g of micronized naloxone hydrochloride was mixed together with
microcrystalline cellulose (20.00 g; Avicel™ PH102 (mean particle size 100 pm),
FMC Biopolymer) and croscarmellose sodium (7.20 g; AcDiSol™, FMC
Biopolymer) in a tumble blender (Turbula, WAG, Switzerland) for 40 hours.

14.04 g of micronised buprenorphine hydrochloride was mixed together with
mannitol (130.30 g; Pearlitol™ 200SD, Roquette, Lestrem, France), sieved citric
acid (6.00 g; fine granular 16/40 grade, DSM, Switzerland, Basel) and sieved (to
avoid agglomeration), sodium citrate (19.50 g@) Emprove™ cryst.,, Merck,
Darmstadt, Germany) and blended in a tumble blender for 42 hours.

Mentho! (2.00 g; Emprove™ cryst.,, Merck KGaA, Darmstadt, Germay) was
mortared until a fine powder was formed and was blended with silicon dioxide,
colloidal (0.20 g; Aerosil™ 200 Pharma), (1:1 volume ratio).

Sucralose (6.00 g, Merck KGaA, Darmstadt, Germany) was added to the
buprenorphine premix. The naloxone premix and the rest of the silicon dioxide
colloidal (2.80 g) were added by co-sieving into the buprenorphine premix. The
menthol-silicon dioxide blend was added by sieving to the buprenorphine premix
and all ingredients were mixed for 1 hour.

Sodium steary! fumarate (8.00 g; Pruv™, JRS Pharma, Polanco, Spain) was then
added by sieving into this mixture and mixing continued in the tumble blender for
10 minutes.

The final powder mixture was then compressed into tablets in a tablet machine

(Korsch EKO) equipped with 7 mm round, flat faced, radius-edged punches, to a
tablet weight of 110 mg and a tablet crushing strength of 30-35 N.
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Example 4

in Vivo Experiment

Placebo tablets prepared according to the procedure described in Exampie 1

" above (excluding burprenorpine, but including naloxone) were first administered

sublingually.

Sublingual saliva pH was measured in vivo using a Schott CG 842P pH Meter
attached to a Schott Flatrode™-electrode {pH 0-14, 0-60°C). The Flatrode™ has
a super-flat membrane for surface measurements and a robust plastic shaft with
a ring diaphragm, which guarantees a quick response via enhanced contact
between the sample and reference. The diameter of the fiat surface of the
electrode is 6.0 mm giving a measuring surface of 0.28 cm’.

The Flatrode was positioned (at an open mouth angle of 45°) gently behind the
lower teeth, just beside the tablet in the mouth. A very gentle pressure was
applied in order to measure pH in saliva rather than venous blood pH (typically
pH 7.4).

pH was measured at time intervals of 0, 30, 60 and 90 seconds (over 5 seconds
until a stable value was observed). Care was taken to avoid accidental
withdrawal of dissolved powder by the electrode. The mouth was shut between
measurements with no active swallowing.

Triplicate runs were carried out to ensure a reliable pH-profile. Between runs, the
mouth was washed thoroughly with water and pH measured prior to
administration to obtain a new zero-value.

The results indicated that the pH decrease peaked at around 35-40 seconds. it
can be seen from Figure 4 that the body rapidly compensates for the modified pH
and also slightly overcompensates, and that the window 6f opportunity (i.e. the
time range with a 0.5 pH unit decrease compared to resting pH) for increased
solubility of buprenorphine is only about 80 seconds, starting after 10 seconds
{(n=4).
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Example 5
Comparative In Vitro Experiment

In addition to the sublingual tablets described in Example 3 above, two other
otherwise identical batches of sublingual tablets were prepared using the same
methodology, except that, in one case, the buprenorphine hydrochloride was not
micronized, and in the other, no citric acid and sodium citrate were included
(instead a further 12.75 mg per tablet of mannitol was included.

Tablets form the three above-mentioned tablet batches, as well as Suboxone
tablets (buprenorphine 8 mg/naloxone 2 mg; Reckitt Benckiser Healthcare Ltd,
Hull, UK) were placed on top of a Porosity 1 20 mm diameter silica filter in a 55
mm (upper inner diameter) glass funnel.

Potassium phosphate buffer with a pH of 6.8 (USP/NF), which mimics saliva, was
allowed to drip through a soft PVC plastic tube with an inner diameter of 3 mm
onto the tablets at a rate, set by a peristaltic pump (Flocon 1003), of 2 mL per
minute. The distance between the end of the plastic tube and the silica filter in
the funne! was set at approximately 7.5 cm, in order, along with the dripping rate,
to correspond to a force similar to the pressure of the underside of the tongue.
The small amounts of water involved endeavour to mimic the low amounts of
water available in vivo under the human tongue.

pH was measured over time using a Mettler Toledo InLab Expert Pro electrode
(pH 0-14; 0-100°C) attached to standard Mettler Toledo 340 pH meter positioned
at the outlet of the glass funnel.

To measure the release of active pharmaceutica! ingredients over time from the
tablets, a glass beaker equipped with a magnetic stirrer containing 490 mL of
potassium phosphate buffer pH 6.8 (USP/NF) collected the drops from the funnel.

800 pL samples were withdrawn from the beaker using a calibrated micropipette

at intervals of 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 10.0, 15.0 and 20.0

minutes. These samples were emptied into 1 mL vials already containing 200 pL

of diluted phosphoric acid. No additional buffer was added to the collection
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beaker to compensate. [t started with a volume of 490 mL and ended with a
volume of 520 mL (the difference between 40 mL added to the beaker over 20
minutes, and 10.4 mL removed in total (13 x 0.8 mL) is 29.6 mL (i.e. about 30
mL)). It was decided to start at 490 mL instead of 485 mL to be as close to 500
mL for as long a period as possible. The exact individual volumes were of course
calculated for each sample.

Three tablets from each of the four tablet table batches in the trial were analysed
as release test samples. Amounts of buprenorphine and naloxone were
measured using HPLC (Agilent 1000; Diode array-detector, gradient pump,
autosampler, column oven), with a gradient method with UV detection at 210 nm.

pH was plotted over time for the following four tablet batches and the the results
are shown in Figure 5 (tablets prepared according to Example 3 (squares);, non-
micronised buprenorphine equivalents (crosses); equivalents without citric
acid/sodium citrate (diamonds); and Suboxone (triangles)). The dashed line in
Figure 5 is the superimposed in vivo profile from Figure 4.

The drug release profiles over the first 5 minutes for buprenorphine and naloxone
are presented in Figures 6, and 7, respectively. Although Suboxone has a 23%
higher drug loading than all of the other tablets, it produces a. buprenorphine
release after 20 minutes through the funnel of only 75% of that of the tablets
according to the invention. The difference is most noticeable over the first 5

minutes.

Example 6
Buprenorphine/Naloxone Sublingual Tablets Il

336.0 g of micronized naloxone hydrochloride was mixed together with
microcrystalline cellulose (2000.0 g; Avicel™ PH102 (mean particle size 100 pm),
FMC Biopolymer, Wallington, Little Island, Co. Cork, Ireland) and croscarmeliose
sodium (720.0 g; AcDiSol™, FMC Biopolymer, Wallington, Little Island, Co. Cork,
Ireland) in a 12 L double cone blender (Sewin, Zickert systems, Kungsbacka,

Sweden) for 3 hours.
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Citric acid (600.0 g; fine granular 16/40 grade, DSM, Switzeriand, Basel), sodium
citrate (1950.0 g Emprove™ cryst.,, Merck, Darmstadt, Germany) and silicon
dioxide, colloidal (480.0 g Aerosil™ 200 Pharma, Evonik Degussa GmbH,
Rheinfelden, Germany) were deagglomerated together with Quadro comil
apparatus (Quadro Engineering, Ontario, Canada) and premixed with two thirds
of a pre-measured amount of mannitdl (8737.3 ¢; Pearlitol™ 200SD, Roquette,

Lestrem, France) in a 60 L double cone blender (Sewin, Zickert systems,
Kungsbacka, Sweden) for 5 minutes.

1188.0 g of the micronised buprenorphine hydrochloride was added to the premix
and the other third of the mannitol (4368.7 g) was added on top of the
buprenorphine hydrochloride and all ingredients were mixed for 3 hours.

Mentho! (200.0 g; Emprove™ cryst., Merck KGaA, Darmstadt, Germay) was
milled with Quadro comill. Silicon dioxide, colloidal (20.0 g) and milled menthol

(1:1 volume ratio) was processed with Quadro comill in order to deagglomerate
the silicon dioxide (colloidal).

Sucralose (600.0 g, Merck KGaA, Darmstadt, Germany), the naloxone premix

and the menthol-silicon dioxide blend were added to the buprenorphine premix
and all ingredients were mixed for 1 hour.

Sodium steary! fumarate (800.0 g; Pruv™, JRS Pharma, Polanco, Spain) was

deagglomerated with Quadro comil and added to double cone blender and mixed
for 10 minutes.

The final powder mixture was then compressed into tablets in a tablet machine

(Korsch XL100, Korsch AG, Berlin, Germany) equipped with 7 mm round, flat

faced, radius-edged punches, to a tablet weight of 110 mg and a tablet crushing
strength of 30-35 N.
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Claims

1. A pharmaceutical composition comprising microparticles of a
pharmacologically-effective amount of buprenorphine, or a pharmaceutically-
acceptable salt thereof, in associative admixture with particles comprising a weak
acid, or particles comprising weakly-acidic buffer forming materials.

2. A composition as claimed in Claim 1, wherein the microparticles of
buprenorphine have a weight based mean diameter of less than about 15 ym.

3. A composition as claimed in Claim 1 or Claim 2, wherein the weakly acidic
material comprises citric acid, tartaric acid, malic acid, fumaric acid, adipic acid,
succinic acid, lactic acid, acetic acid, oxalic acid, maleic acid, ammonium chiloride
or a combination thereof.

4. A composition as claimed in Claim 1 or Claim 2, wherein the buffer forming
materials comprise a combination of a weakly acidic material and a salt of a
weakly acidic material.

5. A composition as claimed in Claim 4, wherein the weakly acidic material is as
defined in Claim 3.

6. A composition as claimed in Claim 4 or Claim 5, wherein the sait is sodium
citrate, potassium citrate, sodium tartrate or potassium tartrate.

7. A composition as claimed in any one of the preceding claims wherein the
buffer system is citric acid/sodium citrate.

8. A composition as claimed in any one of the preceding claims which is
presented as an interactive mixture comprising microparticles of buprenorphine or
a pharmaceutically acceptable salt thereof presented upon the surfaces of carrier
particles.

9. A composition as claimed in Claim 8, wherein the carrier particles are of a size
that is between about 100 and about 800 ym.
33
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10. A composition as claimed in Claim 8 or Claim 9, wherein the carrier particles
are water-soluble.

11. A composition as claimed in any one of Claims 8 to 10, wherein the carrier
particles comprise mannitol.

12. A composition as claimed in any one of Claims 8 to 11, wherein the particles
of weak acid, or of weakly-acidic buffer forming materials, are presented and act
as carrier particles.

13. A pharmaceutical composition as claimed in any one of the preceding claims,
which further comprises a disintegrant.

14. A composition as claimed in Claim 13, wherein the disintegrant is a
superdisintegrant selected from croscarmellose sodium, sodium starch glycolate,
crosslinked polyvinylpyrrolidone or a mixture thereof.

15. A pharmaceutical composition as claimed in any one of the preceding
claims, which further comprises a pharmacologically-effective amount of
naloxone, or a pharmaceutically-acceptable salt thereof.

16. A pharmaceutical composition as claimed in Claim 15, wherein the
composition comprises particles comprising naloxone or salt thereof and
disintegrant.

17. A composition as claimed in any one of the preceding claims which is in the
form of a tablet suitable for sublingual administration.

18. A process for the preparation of a composition as defined in any one of

Claims 8 to 17, which comprises dry mixing carrier particles with buprenorphine
or salt thereof.

34
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19. A process for the preparation of a composition as defined in any one of
Claims 15 to 17, which comprises a process as claimed in Claim 18, followed by
admixing with particles comprising naioxone or sait thereof and disintegrant.

20. A process for the preparation of a sublingual tablet as defined in Claim 17,
which comprises directly compressing or compacting a composition as defined in
any one of Claims 1 to 16.

4 21. A method of treating opioid dependency and/or addiction in a human, which

method comprises sublingual administration of a pharmaceutical composition
comprising buprenorphine or a pharmaceutically acceptable salt thereof, at a
dose of 0.5 to 50 mg, in combination with naloxone or a pharmaceutically
acceptable salt thereof, in about a 4:1 (buprenorphine:naloxone) dose ratio, to a
human patient suffering from opioid dependency and/or addiction, wherein said
formulation achieves after an initial dose in any given treatment program a ratio of
norbuprenorphine/buprenorphine concentrations in plasma of less than about 1.0
based upon the total AUC (area under the plasma concentration-time curve from
time zero to the time of the last quantifiable plasma concentration).

22. A method as claimed in Claim 21 which comprises administration of a
composition as defined in any one of Claims 1 to 17.

23. A method of treatment of opioid dependency and/or addiction, and/or pain,
which method comprises administration of a composition as defined in any one of
Claims 1 to 17 to a person suffering from, or susceptible to, the relevant
condition(s).

24. A composition as defined in any one of Claims 1 to 17 for use in a method of
treatment of opioid dependency and/or addiction, and/or pain.

25. The use of a composition as defined in any one of Claims 1 to 17 for the

manufacture of a medicament for a method of treatment of opioid dependency

and/or addiction, and/or pain.
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ABSTRACT

There is provided pharmaceutical compositions for the treatment of e.g. opioid
dependency comprising microparticles of a pharmacologically-effective amount of
buprenorphine, or a pharmaceutically-acceptable salt thereof, in associative
admixture with particles comprising a weak acid, or particles comprising weakly-
acidic buffer forming materials. The composition may further comprise a
disintegrant and/or particles of a pharmacologically-effective amount of naloxone,
or a pharmaceutically-acceptable salt thereof. The compositions are useful in the
treatment of opioid dependency/addiction and/or pain.
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